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IMPORTANT NOTICE 

Texas Instruments (Til reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. TI 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. 

TI 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 TI deems 
necessary to support this warranty. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 

TI assumes no liability for TI applications assistance, customer product 
design, software performance, or infringement of patents or services 
described herein. Nor does TI 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 TI 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 TI 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 pro'cessing) related analog interfaces. and other high-speed 
digitizing requirements that demand ADC and DAC conversion. 

TI data acquisition system circuits represent technologies from traditional bipolar through Advanced Low-Power 
Schottky (ALS). IMPACr", LinCMOS", Advanced LinCMOS '", and LinEPIC" processes. The ALS and IMPACr" 
oxide· isolated technology provides the data acquisition family with improved speed-conversion characteristics. 
LinCMOS'" and Advanced LinCMOS'" technologies feature improvements in resolution, power consumption, a'nd 
temperature stability. linE PIC'" 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. TI 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 TI semiconductor product is available from your nearest TI Field Sales Office, local authorized TI 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 

AD7524 ............ 2-3 LM339 ... , . VOL1 MF10A ............. 2-139 
AD7528 ............ 2-11 LM348 .. , . VOL1 MF10C ............. 

2-139 11 AD7533 ............ 3-65 LM358 VOL1 NE555 VOL1 
AD7628 ............ 3-3 LM385-2.5 VOL3 NE556 VOL1 
ADC0803 ........... 2-23 LM393 VOL1 NE592 VOL1 
ADC0804 ........... 2-29 LM2900 VOL1 NE5532 VOL1 c: 
ADC0805 ........... 2-23 LM2901 VOL1 NE5534 VOL 1 0 · . . . . . . . . . .';:; 
ADC0808 ........... 2-35 LM2902 VOL1 OP07 ... VOL1 CO 
ADC0808M ......... 2-41 LM2903 . . . . . . . . . . . . VOL1 OP07C VOL1 E 
ADC0809 ........... 2-35 LM2904 VOL1 OP07D VOL1 ... 
ADC0820B ......... 2-189 LM2907 VOL1 OP07E VOL1 0 -ADC0820C ......... 2-189 LM2917 VOL1 OP27A .. VOL1 c: 
ADC0831A ......... 2-49 LM2930-5 . VOL3 OP27C . VOL1 
ADC0831B ......... 2-49 LM2930-8 . VOL3 OP27E VOL1 CO 
ADC0832A ......... 2-49 LM29315AQ . VOL3 OP27G . . ... " ... VOL1 ... 

Q) 
ADC0832B ......... 2-49 LM3302 VOL1 OP37A .... VOL 1 c: 
ADC0834A ......... 2-57 LM3900 VOL1 OP37C . VOL1 Q) 
ADC0834B ......... 2-57 LP111 VOL1 OP37E VOL1 (!) 
ADC0838A ......... 2-57 LP211 VOL1 OP37G . VOL1 
ADC0838B ......... 2-57 LP239 VOL1 RC4136 . . . . . , . . VOL1 
ICL7135 ........... 2-69 LP311 VOL1 RC4558 VOL1 
LF198 · . . . . . . . . VOL1 LP339 VOL1 RC4559 VOL1 
LF347 VOL1 LP2901 VOL1 RM4136 VOL 1 
LF351 VOL 1 LT1001 VOL1 RM4558 VOL1 
LF353 VOL1 LT1004. VOL3 RV4136 VOL1 
LF398 VOL1 LT1007. VOL 1 RV4558 ........ VOL1 
LF411C VOL1 LT1008. VOL1 SA555 , ....... , ... , VOL1 
LF412C VOL1 LT1009 .. VOL3 SA556 VOL1 
LM101A . VOL 1 LT1011 VOL1 SE555 VOL1 
LM107 .. VOL1 LT1012 .. VOL1 SE555C · . VOL1 
LM108 . VOL 1 LT1013 ... VOL1 SE556 . .... VOL1 
LM111 · . . . . . . . VOL1 LT1016 . ........... . VOL1 SE556C VOL1 
LM124 .. VOL1 LT1028 .. VOL1 SE592 VOL 1 
LM139 . VOL1 LT1036M VOL3 SE5534 ., ....... VOL1 
LM148 .... VOL1 LT1036C VOL3 SG2524 · . VOL3 
LM158 ... · . . . . . . . . VOL1 LT1037. VOL1 SG3524 " .. "', .... VOL3 
LM185-2.5 VOL3 LT1054 .. VOL3 SN28827 VOL1 
LM193 VOL1 LT1070 .... VOL3 SN28828 VOL 1 
LM201A .. VOL1 LT1084. VOL3 SN76494/A VOL 1 
LM207 VOL1 LTC1044 VOL3 SN76496/A .......... VOL 1 
LM211 VOL1 LTC1052 VOL1 TL0101 VOL 1 
LM217 VOL3 LTC7652 VOL1 TL010C . . . . . . . . VOL1 
LM218 VOL1 MC1445 VOL1 TL011 . VOL 1 
LM224 VOL1 MC1458 VOL1 TL012. .." .... VOL1 
LM237 VOL3 MC1558 VOL1 TL014A. VOL 1 
LM239 . VOL1 MC3303 VOL1 TL021 VOL1 
LM248 VOL1 MC3403 VOL1 TL022M VOL 1 
LM258 VOL1 MC3423 . VOL3 TL022C VOL1 
LM293 . VOL1 MC3470 . VOL1 TL026C VOL1 
LM301A VOL1 MC34060 VOL3 TL027C VOL1 
LM307 VOL1 MC79L05 VOL3 TL031 . ........... VOL 1 
LM308 . VOL1 MC79L05A VOL3 TL032 . . ............ VOL 1 
LM311 . . VOL1 MC79L12 . ... VOL3 TL034 .. ............ VOL1 
LM317 .. VOL3 MC79L12A VOL3 TL040C ............ VOL 1 
LM318 ... VOL1 MC79L15 VOL3 TL041C · . . . . . . . . . . . VOL1 
LM324 .... VOL1 MC79L15A VOL3 TL044M ........ , ... VOL1 
LM330-5. VOL3 MF4A-50 ........... 2-127 TL044C ...... , ..... VOL1 
LM337 ...... VOL3 MF4A-100 .......... 2-127 TL051 .. ............ VOL1 
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TL052 · . . . . . . . . . .. . VOL 1 TL499A . ........... VOL3 TL7712A · . ....... . · . VOL3 

II TL054 ......... . .. . VOL 1 TL500 ............. 2·93 TL7715A · . . ....... · . VOL3 
TL060 ......... . .. . VOL 1 TL501 ............. 2·93 TL7770·5 ....... . · . VOL3 
TL061 ......... . .. . VOL 1 TL502 ............. 2·93 TL7770·12. . ....... · . VOL3 

C) 
TL062 ......... . .. . VOL 1 TL503 ............. 2·93 TL7770·15. . ....... · . VOL3 
TL064 ............ . VOL 1 TL505 ............. 2·107 TL7780-5 . ....... · . VOL 3 

CD TL066M VOL 1 TL507 ............. 2·115 TL7780-12 ......... VOL 3 :::s ............ · . 
CD TL0661 ............ . VOL 1 TL514M ........... . VOL 1 TL7780-15 ......... · . VOL 3 ... TL066C ........... . VOL 1 TL592 ............ . VOL1 TLC04 . ............ 2·127 
e!. TL070 ............ . VOL1 TL592B ........... . VOL 1 TLC0820A .......... 2·189 

S" TL071 ............ . VOL1 TL5941 ......... . .. . VOL3 TLC0820B .......... 2·189 .... TL072 ..... , ....... VOL1 TL594C . ........ .. . VOL3 TLC10 ............. 2·139 
0 TL074 ............ . VOL1 TL595C ........ . .. . VOL3 TLC14 ............. 2·127 ... TL075 VOL1 TL598 VOL3 TLC20 2·139 3 ............ . ............ . ............. 

TL080 ............ . VOL1 TL601 ............. 2·121 TLC251C . ........ · . VOL 1 
f» TL081 VOL1 TL604 2·121 TLC252C VOL 1 r+ ............ . ............. . ........ · . 
ci' TL082 ............ . VOL1 TL607 ............. 2·121 TLC254C . ........ · . VOL 1 
:::s TL083 ............ . VOL 1 TL610 ............. 2·121 TLC25L2C ......... · . VOL 1 

TL084 ............ . VOL 1 TL712 ............ . VOL1 TLC25L4C. ., ...... · . VOL1 
TL085 ............ . VOL 1 TL714C ........ . .. . VOL1 TLC25M2C , ....... · . VOL1 
TL087 ............ . VOL 1 TL721 .... ..... . .. . VOL 1 TLC25M4C ......... , VOL 1 
TL088 ............. VOL 1 TL750L05 ....... , ., . VOL3 TLC271 .,.,., ..... , VOL1 
TL0808 ............ 2·81 TL750L08 ....... . .. . VOL3 TLC272 . ........... VOL1 
TL0809 ............ 2·81 TL750L10 · . . . . . . . .. . VOL3 TLC274 · . . , . . . . , . · . VOL 1 
TL136C ........... . VOL 1 TL750L12 ..... ,' . .. . VOL3 TLC277 ............ VOL 1 
TL170C · . . . . . . . . . . . VOL 1 TL750M05 ...... . . , . VOL3 TLC279 ....... , .... VOL 1 
TL172C ........... . VOL 1 TL750M08 . . . . . . . ... VOL 3 TLC27L2 ............ VOL 1 
TL1731 ........ . ... . VOL 1 TL750M10 .. , .... .. . VOL3 TLC27L4 ............ VOL 1 
TL173C ...... , . ... . VOL 1 TL750M12 ...... . ., . VOL3 TLC27L7 ............ VOL 1 
TL182 ............. 2·87 TL751L05 · . . . . . . . .. . VOL3 TLC27L9 ............ VOL 1 
TL185 ............. 2·87 TL751L08 ... , ....... VOL3 TLC27M2 . ... , ...... VOL 1 
TL188 ............. 2·87 TL751L10 · . . . . . . . .. . VOL3 TLC27M4 ., ......... VOL 1 
TL191 ............. 2·87 TL751L12 ....... . .. . VOL3 TLC27M7 . .......... VOL 1 
TL287 ........ , .... VOL1 TL751M05 ......... . VOL3 TLC27M9 ........... VOL 1 
TL288 ......... ... . VOL1 TL751M08 . . . . . . . . . . VOL3 TLC339M ........... VOL 1 
TL317M ....... . . , .. VOL3 TL751M10 ......... . VOL3 TLC3391 ......... .. . VOL1 
TL317C .. , ..... ... . VOL3 TL751M12 ....... , .. VOL3 TLC339C ...... , .... VOL 1 
TL321 1 · . ...... . ... . VOL1 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 ....... ,., .. VOL3 TLC354M ........ .. . VOL 1 
TL331 1 ........ . ... . VOL 1 TL851 ... , ......... VOL 1 TLC3541 ......... .. . VOL 1 
TL331C ....... . ... . VOL 1 TL852 ............ . VOL 1 TLC354C ........ .. . VOL 1 
TL4301 ........ . ... . VOL3 TL853 ............ . VOL 1 TLC372M ........ .. . VOL 1 
TL430C ....... . .. , . VOL3 TL1451AC ......... . VOL3 TLC3721 · . . . . . . . . ... VOL 1 
TL431AI ........ ... . VOL3 TL3013C · . . . . . . . . . . VOL 1 TLC372C . . . . . . . . ... VOL 1 
TL431AC . . . . . . . ... . VOL3 TL3019C ...... . ... . VOL 1 TLC374M ....... . ... VOL 1 
TL431M ........... . VOL3 TL3020C ...... . ... . VOL1 TLC3741 ....... ' . .. . VOL 1 
TL431 1 · . . . . . . . . .... VOL3 TL31011 ........... . VOL 1 TLC374C ........ .. . VOL 1 
TL431C · . . . . . . . ... . VOL3 TL3101C ...... . ... . VOL 1 TLC393M ....... . ... VOL 1 
TL441AM .......... . VOL 1 TL31 031 ............ VOL 1 TLC3931 . . . . . . . . ... VOL 1 
TL493 ............ . VOL3 TL3103C · . . . . . , .... VOL 1 TLC393C ....... . ... VOL 1 
TL494 . , ........... VOL3 TL5501 ........... . 3·13 TLC532A ........... 2·155 
TL495 ....... , ... , . VOL 3 TL5601 ........... . 3·19 TLC533A ........... 2·155 
TL496C · . . . . . . . . . , . VOL3 TL5602 ........... . 3·23 TLC540 ............ 2·165 
TL497AM .......... . VOL3 TL7702A ........ ... . VOL3 TLC541 ............ 2·165 
TL497AI ........... . VOL3 TL7705A ........ ... . VOL3 TLC542 ............ 3·27 
TL497AC ......... , . VOL 3 TL7709A ........ ... . VOL3 TLC543 ............ 3·35 
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TLC544 ........... . 
TLC545 . . . . . . . . . . . . 
TLC546 ........... . 
TLC548 ........... . 
TLC549 . . . . . . . . . . . . 
TLC551C .......... . 
TLC552C .......... . 
TLC555M .......... . 
TLC5551 ........... . 
TLC555C .......... . 
TLC556M .......... . 
TLC5561 ........... . 
TLC556C .......... . 
TLC1078 .......... . 
TLC1079 .......... . 
TLC1225A ......... . 
TLC1225B ......... . 
TLC1540 .......... . 
TLC1541 .......... . 
TLC2201 .......... . 
TLC2652 .......... . 
TLC2654 .......... . 
TLC3702M ......... . 
TLC37021 .......... . 
TLC3702C ......... . 
TLC3704M ......... . 
TLC37041 .......... . 
TLC3704C ......... . 
TLC4016 .......... . 
TLC4066 .......... . 
TLC5502 .......... . 
TLC5602 .......... . 
TLC7135 .......... . 
TLC7524 .......... . 
TLC7528 .......... . 
TLC7533 .......... . 
TLC77011 .......... . 
TLC77051 .......... . 
TLC7721I .......... . 
TLC77251 .......... . 
TLC32040 ......... . 
TLC32041 ......... . 
TLC32042 ......... . 
TLC32044 ......... . 
TLC32045 ......... . 
TLE2021 .......... . 
TLE2022 .......... . 
TLE2024 .......... . 
uA709M ........... . 
uA709C ........... . 
uA723M . . . . . . . . . . . . 
uA723C ........... . 
uA733M ........... . 
uA733C ........... . 
uA741M ........... . 
uA741C ........... . 
uA747M ........... . 
uA747C ........... . 

3-35 
2-173 
2-173 
2-181 
2-181 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
3-43 
3-43 
2-199 
2-199 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
2-209 
2-217 
3-55 
3-61 
2-69 
2-225 
2-233 
3-65 
VOL3 
VOL3 
VOL3 
VOL3 
2-247 
2-247 
2-247 
2-277 
2-311 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VOL3 
VOL3 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 
VaLl 

uA748C ............ VOL 1 
uA2240C ........... VOL 1 
uA7805 ............ VOL 3 
uA7806 ............ VOL 3 
uA7808 ............ VOL 3 
uA78l0 ............ VOL 3 
uA78l2 ............ VOL 3 
uA78l5 ............ VOL3 
uA78l8 ............ VOL 3 
uA7824 ............ VOL 3 
uA7885 ............ VOL 3 
uA78L02AC . . . . . . . . .. VOL 3 
uA78L02C .......... VOL 3 
uA78L05AC. . . . . . . . .. VOL 3 
uA78L05C .......... VOL 3 
uA78L06AC . . . . . . . . .. VOL 3 
uA78L06C .......... VOL 3 
uA78L08AC . . . . . . . . .. VOL 3 
uA78L08C .......... VOL 3 
uA78L09AC . . . . . . . . .. VOL 3 
uA78L09C .......... VOL 3 
uA78Ll0AC. . . . . . . . .. VOL 3 
uA78L10C .......... VOL 3 
uA78L12AC. . . . . . . . .. VOL 3 
uA78L l2C .......... VOL 3 
uA78L15AC . . . . . . . . .. VOL 3 
uA78L 15C ........... VOL 3 
uA78M05M . . . . . . . . .. VOL 3 
uA78M05C . . . . . . . . .. VOL 3 
uA78M06 ........... VOL 3 
uA78M08 ........... VOL 3 
uA78M09 ........... VOL 3 
uA78Ml0 ........... 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 
uA79l2 ............ VOL 3 
uA79l5 ............ VOL 3 
uA79l8 ............ VOL 3 
uA7924 ............ VOL 3 
uA7952 ............ VOL 3 
uA79M05M . . . . . . . . .. VOL 3 
uA79M05C . . . . . . . . .. VOL 3 
uA79M06M . . . . . . . . .. VOL 3 
uA79M06C . . . . . . . . .. VOL 3 
uA79M08M . . . . . . . . .. VOL 3 
uA79M08C .......... VOL3 
uA79M012M . . . . . . . .. VOL 3 
uA79M012C ......... VOL 3 
uA79M015M . . . . . . . .. VOL 3 
uA79M015C ......... VOL 3 
uA79M20C . . . . . . . . .. VOL 3 
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uA79M24C ......... . 
UC1846 ........... . 
UC1847 ........... . 
UC2842 ........... . 
UC2843 ........... . 
UC2844 ........... . 
UC2845 ........... . 
UC2846 ........... . 
UC2847 ........... . 
UC3842 ........... . 
UC3843 ........... . 
UC3844 ........... . 
UC3845 ........... . 
UC3846 ........... . 
UC3847 ........... . 

VOL3 VOL311 
VOL3 
VOL 3 
VOL3 
VOL3 5 
VOL3 ._ 
VOL3 ~ 
VOL3 E 
VOL 3 ~ 
VOL3 .E 
VOL3 C 
VOL3 -
VOL3 
VOL3 
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DATA ACQUISITION AND CONVERSION 
SELECTION GUIDE 

single-slope and dual-slope AID converters 

CONVERSION FUNCTION RESOLUTION 
SPEED 

(ms) 
TYPE PACKAGE 

PAGE 

NO. 

Dual Slope AID with BCD Output 4 1/2 Digits 34 
TLC7135 

ICL7135 
FN, N 2-69 

4 1/2 Digits TL500 
Dual-Slope Analog Processors 

3 1/2 Digits TL501 
J, DW 

80 2-93 
Digital Processors with Seven-Segment Outputs 4 1/2 Digits TL502 

Digital Processors with BCD Outputs 4 1/2 Digits TL503 N 

Dual-Slope Analog 10 Bits 50 TL505 ~ 
Pulse-Width Modulator for Single-Slope Converter 7 Bits 1 TL507 P 2-115 

successive-approximation and semi-flash converters 

ADDRESS 
SIGNAL INPUTS CONVERSION POWER 

UNADJUSTED 
RESOLU-

AND ERROR PAGE 

ANALOGt 
TION SPEED DISSIPATION TYPE PACKAGE 

DATA 1/0 ANALOG 
(ps)* 

(MAX) NO. 

FORMAT DEDICATED DIGITAL 
(BITS) (mW TYP) 

±LSB 

0.5 ADC0803 2-23 
1 § ADC0804 N U9 

1.0 U3 ADC0805 
10 

0.75 ADC0808 FN, N 2-35 
100 

0.75 ADC0808M FK, JD 2-41 

8 0 8 1.25 ADC0809 2·35 -
0.75 TL0808 FN, N 

0.5 2-81 
1.25 TL0809 

Parallel 
0.5 ADC0820B 

1§ 1.0 ADC0820C 
1 35 DW, FN, N 2-189 

1.0 TLC0820A 

0.5 TLC0820B 

15 TLC532A 
5 6 6 0.5 FN, N 2-155 

30 TLC533A 

1.0 TLC1225A 
1 0 13 10 45 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. 

:t: Includes access time 
§Oifferential input 
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DATA ACQUISITION AND CONVERSION 
SELECTION GUIDE 

successive-approximation converters 

ADDRESS 
SIGNAL INPUTS RESOLU- CONVERSION POWER 

UNADJUSTED 

AND ERROR 

ANAlOGt 
TION SPEED DISSIPATION 

DATA I/O ANALOG 
(".1* 

(MAXI 

FORMAT DEDICATED DIGITAL 
(BITSI (mWTYPI 

±lSB 

1§ 1.0 

0.5 

2§ 1.0 

0.5 
84 10 

4§ 1.0 

0.5 

8 
1.0 

0.5 

Serial 
11 

0 8 13 

25 
6 

8 40 10 

5 
22 

25 

19 
13 

25 

0.5 

22 
6 

1 
25 

11 10 31 
1.0 

D/A converters (5 V to 15 VI 

FUNCTION 
RESOLUTION SETTLING TIME 

TTL COMPATIBILITY AT 15 V 
(BITSI (n.1 

Single Multiplying D/A 

No 
8 100 

Dual Multiplying 01 A 

Yes 

Single Multiplying D/A No 10 150 

TYPE PACKAGE 
PAGE 
NO_ 

ADC0831A 

ADC0831B 

ADC0832A 
P 2-49 

ADC0832B 

ADC0834A 
N 

ADC0834B 

ADC0838A 
2-57 

FN, N 
ADC0838B 

TLC540 

TLC541 
OW, FN, N 2-165 

TLC542 FN, N 3-27 

TLC543 

TLC544 
0, J, N 3-35 

TLC545 

TLC546 
FN, N 2-173 

TLC548 

TLC549 
0, P 2-181 

TLC1540 

TLC1541 
FK, FN, J, N 2-199 

TYPE PACKAGE 
PAGE 

NO. 

AD7524A N 
2-3 

AD7524J FN, N 

TLC7524 0, FN, N 2-225 

AD7528B 
FN, N 2-11 

AD7528K 

TLC7528 OW, FN, N 2-233 

AD7628 3-3 -
AD7533C FN, N 

AD7533L 3-65 

TLC7533 0, 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. 

tlncludes access time 
§Oifferential input 

TEXAS ~ 
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DATA ACQUISITION AND CONVERSION 
SELECTION GUIDE 

analog interface for digital signal processors 

TRANSFER 
DYNAMIC 

RESOLUTION ON-BOARD 
FUNCTION RANGE 

SAMPLING 
TYPE 

PAGE 

CHARACTERISTIC (BITS) RATE FILTERS NO_ 
(BITS) 

1 MHz (A/DI LC0820/ADC0820 2-189 

5 MHz (DIAl 
TLC7524 2-225 

Discrete Interfaces 8 8 AD7524 2-3 
Linear No 

TLC7528 AID and DIA 5 MHz 2-233 

(Dual DIAl AD7528 "'2-'i"1 
10 10 4 MHz (DIAl TLC7533/AD7533 3-65 

High Performance 19.2 kHz Yes 
TLC32040t 

Linear 14 14 TLC30041 t 2-247 
Combo (Programmable I (Programmable) 

TLC32042 t 

TLC32044 2-277 
Voiceband AIC Linear 14 14 20 kHz Yes "2-311 TLC32045 

video converters 

RESOLUTION 
CONVERSION POWER 

CONVERSION PAGE 
(BITS) 

FREQUENCY DISSIPATION TYPE PACKAGE 
NO. FUNCTION 

(MHz) (mW) 

6 TL5501 3-13 
Video AID Converter 300 ~ 8 TLC5502 

6 20 325 TL5601 N ~ 
Video 01 A Converter 375 TL5602 ~ 

8 ~ 125 TLC5602 

analog switches and multiplexers 

POWER VOLTAGE TYPICAL 

FUNCTION SUPPliES RANGE IMPEDANCE TYPE PACKAGE 
PAGE 
NO_ 

(V) (V) (OHMS) 

Twin SPOT 
100 TL182 

Dual SPST 
±15 ±10 

150 

100 

TL185 

TL188 
N 2-87 

Twin Dual SPST 150 TL191 

SPOT TL601 

Dual SPOT 
100 

TL604 

SPST with Enable 
±25 -17 to + 25 JG,P 2-121 

100 TL607 

SPST with Logic Inputs 80 TL610 

50 TLC4016 I 2-209 
Quad Bilateral Analog Switch 12 2 to 12 D,J,N 

30 TLC4066 2-217 

switched-capacitor filter ICs 

FILTER 
POWER 

PAGE 
TYPE PACKAGE FUNCTION 

ORDER 
SUPPLIES 

(V) 
NO. 

Dual Filter, General Purpose 2 ±4 to ±5 
TLC10/MF10A 

TLC20/MF10C 
FN, N 2-139 

Low Pass, Butterworth 4 ±2.5 to ±6 
TLC04/MF4A-50 

D,P 2-127 
TLC14/MF4A-l00 

t The TLC32040 and TLC3204 1 have two differential inputs for the 14-bit AID and a serial port input for the 14-bit D/A. The AID conversion 
accuracy for this device is measured in terms of signal-ta-quantization distortion and also in LSB over certain converter ranges. The package 
types are FN and N. Please refer to the data sheet. 
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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. 

Manufacturers are arranged in alphabetical order. 

ANALOG 
DEVICES 

AD570JN 
AD7512DIJN 
AD7512DIJQ 
AD7512DIKN 
AD7512DIKQ 
AD7512DISD 
AD7512DITD 
AD7520 
AD7524AD 
AD7524JN 
AD7528BQ 
AD7528KN 
AD7533 
AD7820K/B/T 
AD7B20L/C/U 

AD7533 
AD7820 
ADC82AG 

ADC82AM 

ADC-830C 
ADC-EK12DC 

ADC-EK12DR 

FUJITSU 

MB4053P 
MB40576 
MB4057B 
MB40776 
MB40778 

DIRECT 
TI 

REPLACEMENT 

TLC7533, AD7533B 
AD7524AN 
AD7524JN 
AD7528BN 
AD7528KN 
TLC7533, AD7533 
TLC0820A,ADC0820CC 
TLC0820B, ADC0820BC 

TLC7533, AD7533 
TLC0820, ADC0820 

DIRECT 
TI 

REPLACEMENT 

TL5501 
TLC5502 
TL5601 
TLC5602 

SUGGESTED 
TI 

REPLACEMENT 
ADC0803CN 
TL182CN 
TL1821N 
TL182CN 
TL1821N 
TL182MJ 
TL182MJ 

TLC75241N 
TLC7524CN 
TLC75281N 
TLC7528CN 

TLC0820BIN, 
ADC0820BCIN 
TLC0820AIN, 
ADC0820CCIN 

TL500/1/3CN 
TLC7135CN 
TLC7135CFN 
ICL7135CN 

TL500/1/3CN 
TLC7135CN 
TLC7135CFN 
ICL7135CN 
ICL7135CFN 

SUGGESTED 
TI 

REPLACEMENT 
TL5071N 

PAGE 
NO. 

2·23 
2·87 
2·87 
2-87 
2-87 
2-87 
2-87 
3-65 
2-3 
2-3 
2-11 
2-11 
3-65 
2-189 
2-189 

3-65 
2-189 
2-189 
2-189 
2-189 
2-189 

2-23 
2-93 
2-69 
2-69 
2-69 

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

PAGE 
NO. 

2-115 
3-13 
3-55 
3-19 
3-61 

II 
c o 

'.j:i 
ca 
E ... 
o -c -
"iii ... 
II) 
C 
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" 
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DATA ACQUISITION AND CONVERSION 
CROSS·REFERENCE GUIDE 

DIRECT 
PAGE 

• HARRIS TI 
REPLACEMENT NO. 

TLC10 2-139 

G) 
DIRECT SUGGESTED 

" INTERSIL TI TI 
PAGE 

= NO. 

" 
REPLACEMENT REPLACEMENT ... ADC0803LCD ADC08031N 2-23 

!. ADC0803LCN ADC0803CN 2-23 - ADC0804LCD ADC08041N 2-29 

= ADC0804LCN ADC0804CN 2-29 .... DGM182AK TL182MN TL604MP 2-87 0 DGM182BJ TL182CN/IN TL604CP/IP 2-87 ... 
3 DGM185AK TL185MN TL604MP 2-87 

C» DGM185BJ TL185CN/IN TL604CP/IP 2-87 

"' DGM188AK TL188MN TL610MP 2-87 

0' DGM1888J TL188CNIIN TL610CP/IP 2-87 

= DGM191AK TL191MN TL610MP 2-87 
DGM191BJ TL191CN/IN TL610CP/IP 2-87 
ICL7135CPI ICL7135CN 2-69 

ICL7135CFN 2-69 
TLC7135CN 2-69 
TLC7135CFN 2-69 

LINEAR 
DIRECT 

PAGE 
TECHNOLOGY 

TI 
NO. REPLACEMENT 

LTC1060ACN TLC10N 2-139 
LTC1060CN TLC20N 2-139 

DIRECT 
PAGE MAXIM TI 

REPLACEMENT 
NO. 

MF108N TLC10N 2-139 
MF10CN TLC20N 2-139 

MICRO 
SUGGESTED 

PAGE 
NETWORKS TI 

NO. 
REPLACEMENT 

MN5100/5101 TLC0820ACN/TLC0820BCN. 2-189 
ADC0820BCN/ADC0820CCN 2-189 

MN5120/5130/5140 TLC0820ACN/TLC0820BCN, 2-189 
ADC0820BCN/ADC0820CCN 2-189 

MICRO SUGGESTED 
PAGE 

POWER SYSTEMS 
TI 

NO. 
REPLACEMENT 

MP7138AN TL500/1/3CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 

MP7574AD/BD ADC08051N series 2-23 
MP7574JN/KN ADC0804CN or 2-29 

ADC0805CN series 2-23 
MP7 5811 JN/KNI AD/BD ADC0808N/ADC0809N 2-35 

1-12 TEXAS • 
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DATA ACOUISTION AND CONVERSION 
CROSS·REFERENCE GUIDE 

DIRECT SUGGESTED 
PAGE 

MOTOROLA TI TI I REPLACEMENT REPLACEMENT 
NO. 

MC1405L TL500CN/TL501 CNI 2·93 
TL505CN 2·107 

MC14433P TL500/1/3CN 2-93 C 
TLC7135CN 2-69 0 
TLC7135CFN 2-69 ',i: 
ICL7135CN 2-69 «S 
ICL7135CFN 2-69 E 

MC14442L TLC533AMJ TLC532AMJ 2-155 ... 
MC14442P TLC533AIN TLC532AIN 2-155 0 
MC14443P TL5071N 2-115 -C 
MC14444P TLC5461N 2-173 
MC14447P TL5071P 2-115 Cii MC145040FN TLC541MFN TLC540MFN 2-165 ... 
MC145040L TLC541MJ TLC540MJ 2-165 Q) 
MC145040P TLC541MN TLC540MN 2-165 C 
MC145041P1 TLC5421N 3-27 Q) 

MC54HC4016J TLC4016MJ 2-209 C!' 
MC74HC4016J TLC40161N 2-209 
MC74HC4016N TLC40161N 2-209 
MC54HC4066J TLC4066MJ 2-217 
MC74HC4066J TLC40661N 2-217 
MC74HC4066N TLC40661N 2-217 

DIRECT SUGGESTED 
PAGE NATIONAL TI TI 

REPLACEMENT REPLACEMENT 
NO. 

ADC0803LCD ADC08031N 2-23 
ADC0803LCN ADC08031N 2-23 
ADC0804LCD ADC08041N 2-29 
ADC0804LCN ADC0804CN 2-29 
ADC0805LCN ADC08051N 2-23 

ADC0808CCJ 
ADC0808NI 2-35 
TL0808N 2-81 

ADC0808CCN 
ADC0808NI 2-35 
TL0808N 2-81 

ADC0809CCN 
ADC0809NI 2-35 
TL0809N 2-81 

ADC0811BCJ TLC5411N TLC540lN 2-165 
ADC0811BCN TLC541IN TLC540lN 2-165 
ADC0811BCV TLC5411FN TLC540lFN 2-165 
ADC0811BJ TLC541MJ TLC540MJ 2-165 
ADC0811CCJ TLC541IN TLC540lN 2-165 
ADC0811CCN TLC5411N TLC540lN 2-165 
ADC0811CCV TLC5411FN TLC540lFN 2-165 
ADC0811CJ TLC541MJ TLC540MJ 2-165 
ADC0820BCD TLC0820BIN. 2-189 

ADC0820BCIN 2-189 
ADC0820BCN TLC0820BCN. 2-189 

ADC0820BCN 2-189 
ADC0820BD TLC0820BMJ. 2-189 

ADC0820BJ 2-189 
ADC0820CCD TLC0820AIN. 2-189 

ADC0820CCIN 2-189 
ADC0820CCN TLC0820ACN. 2-189 

ADC0820CCN 2-189 
ADC0820CD TLC0820AMJ. 2-189 

ADC0820CJ 2-189 
ADC0829BCN TLC533AIN TLC532AIN 2-155 
ADC0829CCN TLC533AIN TLC532AIN 2-155 
ADC0830BCN TLC5461N 2-173 
ADC0830CCN TLC5461N 2-173 

TEXAS .." 
INSTRUMENTS 

1-13 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

~---.. 



DATA ACOUISTION AND CONVERSION 
CROSS· REFERENCE GUIDE 

(Continued) 

I 
DIRECT SUGGESTED 

PAGE 
NATIONAL TI TI 

NO. 
REPLACEMENT REPLACEMENT 

ADC0831BCJ ADC0831BIP TLC5491N 2-49 

G') ADC0831BCN ADCOB31BCP TLC5491N 2-49 

(D ADCOB31CCJ ADCOB31 AlP TLC5491N 2-49 

j ADCOB31CCN ADC0831ACP TLC5491N 2-49 

(D ADC0832BCJ ADCOB32BIP 2-49 

"" ADC0832BCN ADCOB32BCP 2-49 
et ADC0832CCJ ADCOB32AIP 2-49 

5' 
ADC0832CCN ADCOB32ACP 2-49 
ADC0834BCJ ADCOB34BIN 2-57 .... ADC0834BCN ADCOB34BCN 2-57 0 

"" ADC0834CCJ ADCOB34AIN 2-57 

3 ADC0834CCN ADCOB34ACN 2-57 

CI) ADCOB38BCJ ADCOB38BIN 2-57 
~ ADC0838BCN ADCOB38BCN 2-57 O· ADCOB38CCJ ADCOB38AIN 2-57 
j ADCOB38CCN ADCOB38ACN 2-57 

ADC1001CCJ TLC15411N 2-199 
ADC1005BCJ TLC15411N 2-199 
ADC1005CCJ TLC15411N 2-199 
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 2-139 
MM54HC4016J TLC4016MJ 2-209 
MM54HC4066J TLC4066MJ 2-217 
MM74HC4016N/J TLC40161N 2-209 
MM74HC4066N/J TLC40661N 2-217 
MF4-50 TLC04/MF4A-50 2-127 
MF4-100 TLC14/MF4A-100 2-127 

PRECISION 
SUGGESTED 

PAGE 
TI 

MONOLITHICS REPLACEMENT 
NO. 

PM7524FQ TLC75241N. AD7524AN 2-225 
PM7524FP TLC7524CN,AD7524JN 2-225 
PM7528 TLC752B, AD7528 2-233 
PM7533 TLC7533, AD7533B 3-65 

DIRECT SUGGESTED 
PAGE 

RCA TI TI 
NO. 

REPLACEMENT REPLACEMENT 
CD4016AD TLC4016MJ 2-209 
CD4016AE TLC40161N 2-209 
CD4066AD TLC4066MJ 2-217 
CD4066AE TLC40661N 2-217 
CA3162E TL501 CN/TL503CN 2-93 
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DATA ACOUISITION AND CONVERSION 
CROSS·REFERENCE GUIDE 

DIRECT SUGGESTED 
PAGE a SIGNETICS TI TI 
NO, 

REPLACEMENT REPLACEMENT 
ADC0803/4/5-1 LCN ADC0803/4/51N 2-23 
ADC0804-1CN ADC0804CN 2-29 
NE5034F TLC532AIN 2-155 c: 
NE5036FE/N/D TLC549CN/CD 2-181 0 
NE5037F/N/D TLC549CN/CD 2-181 

0';::: 
cu 
E 

DIRECT SUGGESTED "-
PAGE 0 

SILICON IX TI TI 
NO_ -REPLACEMENT REPLACEMENT c: 

DG182AP TL182MN TL610MP 2-87 -
DG182BP TL 182CNIIN TL610CPilP 2-87 Cii 
DG185AP TL 185MN TL604MP 2-87 "-
DG185BP TL 185CN/IN TL604CPilP 2-87 

G) 

DG188AP TL188MN TL604MP 2-87 c: 
G) 

DG188BP TL188CNilN TL604CPilP 2-87 C!J DG191AP TL191MN TL604MP 2-87 
DG191BP TL191CNilN TL604CPilP 2-87 

LD'110CJ TL503CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 

LDll1ACJ TL501CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 

LD120CJ TL500CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 

LD121ACJ TL503CN 2-93 
TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 

Si520DJ ADC0808NI 2-35 
ADC0809N 2-35 

Si7135CJ TLC7135CN 2-69 
TLC7135CFN 2-69 
ICL7135CN 2-69 
ICL7135CFN 2-69 
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DATA ACQUISITION AND CONVERSION 
CROSS·REFERENCE GUIDE 

TELEDYNE 

TSC7135CPI 

TSCB700 
TSCB701 
TSCB703 
TSCB704 

TSC14433CN 

DIRECT 
TI 

REPLACEMENT 
TLC7135CN 
TLC7135CFN 
ICL7135CN 
ICL7135CFN 

1-16 TEXAS • 
INSTRUMENTS 

SUGGESTED 
TI 

REPLACEMENT 

AOCOBOBN 
TLC15411N 
ADCOBOBN 
TLC15411N 

TLC7135CN 
TLC7135CFN 
ICL7135CN 
ICL7135CFN 
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PAGE 
NO. 

2·69 
2-69 
2-69 
2-69 

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

2-69 
2-69 
2-69 
2-69 



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 Intemational 
Electrotechnical Commission (lEC) for international use. 

1. GENERAL TERMS 

Analog-to-Digital Converter (AD C) 
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. 

CONVERSION CODE 

Range of 
Analog Digital 
Input Output 

Values Code 

4.5 5.5 0 ... 101 

3.54.5 O .. 100 

1.5 2.5 0 ... 010 

0.51.5 O .. 001 

00.5 O .. 000 

Digital 
Output 
Code 

0 ... 101 

0 ... 010 

0 ... 001 

Center 

0 ... 000 
Analog 

1"-..1.--+---+---+---+---+---- Input 
o 

Midstep Value 
of 0 ... 011 

3 4 Value 

Quantization Error 

~ % LSB 

Y2 LSB 

Analog 

...... -;-*-;-*+;.-*-;-*-;-*--- Input 
Value 

Inherent Quantization Error ( ± % LSB) 

FIGURE 1. ELEMENTS OF TRANSFER DIAGRAM FOR AN IDEAL LINEAR ADC 

II 
c 
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• 
GLOSSARY 
TERMS, DEFINITIONS AND LETTER SYMBOLS 

Analog-to-Dlgital 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. 

G) Companding DAC 
CD A DAC whose transfer function complies with a compression or expansion law. 
::I 
CD 

i. -::I 
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 Il-Iaw. 

0' Conversion Code (of an ADC or a DAC) 3 The set of correlations between each of the fractional parts of the total analog input range or each of the digital 
I» input codes, respectively, and the corresponding digital output codes or analog output values, respectively. 
... (See Figures 1 and 2.) O· 
::I 

1-18 

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

CONVERSION CODE 

Digital Input Code 

Analog Output Value 

Analog 
Output 
Value 

5 

4 

3 

Ideal Straight Line 

\//-' 
,/!." 

,_, ~,./·f _ Step Height 

r;~ 11 LSB) 

y 

2 *' 
/ 

/" Step Value 

Digital 
o fJ---r---~---i-+i---'-+---+--- Input 
0 ... 000 0 ... 001 0 ... 010 0 ... 011 0 ... 100 0 ... 101 Code 

Step -<-) 
... -----, 

0 ... 000 0 .. 001 0 ... 010 :0 ... 011: 0 .. 100 0 .. 101 
I I 

I I 
o 2 : 3 : 4 5 L _____ -' 

FIGURE 2. ELEMENTS OF TRANSFER DIAGRAM FOR AN IDEAL LINEAR DAe 
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Digital-to-Analog Converter (DAC) 

GLOSSARY 
TERMS, DEFINITIONS AND LETTER SYMBOLS 

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. 

I 
c o 

'';:: 
ca 
E 
~ 

o .... 
c 

Full Scale, Negative (of a bipolar ADC or DAC) (See Figures 3b and 3c) e 
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. Q) 

NOTE 1: The subscript for the letter symbol of a characteristic at negative full scale is "FS-" (VFS-, IFS-). e,:, 
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: VFSnom = 1/2 VFSRnom 

(See Figure 3.) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Example: In the natural binary numeral "1010", the rightmost bit "0" is the LSB. 
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with the digital code 111. 

FIGURE 4. ADJUSTMENT IN OFFSET POINT AND GAIN POINT FOR AN ADC 

1-22 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



Analog 
Output 
Value 

Analog 
Output 

GLOSSARY 
TERMS, DEFINITIONS AND LETTER SYMBOLS 

Value ..,...,...... Gain Point 

6 

4 

3 

2 

I 

- - ---- -- --- - ---------.." 

,I'~ 
..--/ 1 

~' 
/,,' ., " 

/ " ~ ,,' 

/ " ~ ,', 
/ " \ 

~ I Ideal 
Straight line 

I 
I 

I 

" 

o L/---r---r--~--+---+---+---, 
Ollsot7000 
Point 001 011 101 

Digital Input Code 

a. BEFORE ADJUSTMENT 

Analog 
Output 
Value 

"1 

---------------------~ 7 -------- ------ ---~f:11 J ,'1 

Value I k 6 I 6 
Before X I 

-',' X : ~ Adjustment --"X " ft" 
_e 

I 
5 ,',,- 5 

~ / ~ 1 Gain 
X/ I I. 

" / I AdJust-
4 X )!' 4 t' : ment 

I 

'L 3 
,// 

X /,' 3 /X I 

,~/ 
1 , " I 

2 I 2 / 'f' Value 
X I 1 

I,' I " After 1 
I ~, Offset 1 I 
I 1 I . If' Adjustment 7 Offset Adjustment I I 

f : Digital 1,/ : Digital 
I Input I Input 

0 Code 0 Code 

", " 
b. AFTER OFFSET ADJUSTMENT c. AfTE_R OFFSET AND GAIN'ADJUSTMENTS 
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LSB, Unit Symbol (for linear converters only) 

1 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. 

C) Example: "1/2 LSB" means an analog quantity equal to 0.5 times the analog resolution. 
CD :s 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 
e. numeral. 

S' In this case, the identity: 
.... 1 LSB = analog resolution 
o -'3 leads, for an n-bit resolution, to: 
... 1 LSB =.J:§!:L FSR(nom) 
::;. 2n - 1 2n 
O· 
:s Midstep Va.lue (of an AD C) 

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 ACC) 
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 ACC or a CAC) 
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 ACC or CAC 
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 ACC or CAC) 

1-24 

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

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

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

NOTE 2: 

NOTE 3: 

Resolution is a design parameter and therefore has only a nominal value. 

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. 

g. Resolution, Analog (of a linear or nonlinear ADC or DAC) 
:::J 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) 
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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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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 ex with a subscript referring to the relevant characteristic. 

Example: Temperature coefficient of the gain error: exEG 

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: 

NOTE 2: 

The subscript for the letter symbol of a characteristic at negative zero scale is "ZS-" (VZS-, 

IZS-)· 

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+, IZS+) 

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) (6.IFSS, 6.VFSS) 
The difference between the absolute values of the two full-scale analog values. 

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

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

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

NOTE: This sensitivity is usually expressed as the ratio of the percent change of full-scale current (or voltage) 
to the percent change of supply voltage. 

CD 3. DYNAMIC PERFORMANCE 
;:, 
CD ... Conversion Rate (of an externally controlled ADC) (fc) 
!!. The number of conversions per unit time. 

S' .... 
o ... 
3 
C» ... 

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

NOTE 2: 

NOTE 3: 

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

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

o· 
;:, Conversion Time (of an ADC) (tc) 

The time elapsed between the command to perform a conversion and the appearance at the converter output 
of the complete digital representation of the analog input value. 

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

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

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

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

NOTE: The equivalent circuit consists of a high-pass R-C filter between the reference input and the analog 
output. 

Feedthrough Error (see Part 4) 

Glitch (of a CAC) 
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) 

1-28 

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

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

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

Settling Time, Analog (of a DAC) (tsa) 
The time interval between the instant when the analog output passes a specified value and the instant when 
the analog output enters for the last time a specified error band about its final value. (See Figures 8 and 1 D.) 

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

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

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

I 
c 
o 

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

o 
Slew Rate, (Digital) (of a linear or a multiplying DAC) (SOM, SOMD) 

.... 
c 

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.) CO ... 
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. Q) 

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

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

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

4. ERRORS,ACCURACY 
The definitions in this section describe the errors as the difference between the actual value and the nominal 
value of the analog quantity. As such they may be expressed in conventional units (for example, millivolts) or 
as multiples or 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) 

110 

101 

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 11 a.) 

For a 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 11 b.) 

NOTE: See Notes 1 and 2 under "Offset Error". 
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FIGURE 11. GAIN ERROR OF A LINEAR 3-BIT NATURAL BINARY CODE CONVERTER 
(SPECIFIED AT STEP 111), AFTER CORRECTION OF THE OFFSET ERROR 

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

Linearity Error, Best-Straight-line (of a linear and adjustable ADC) (EL(adj» 

111 

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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GLOSSARY 
TERMS, DEFINITIONS AND LETIER SYMBOLS 

Digital II 
Output 
Code 

Analog Remaining 
Output Gain Error 

Value ( - Y. LSBJ ~ 
(LSBJ 

111 -----------------------------T~ ----------------------------- -, 
]r I 

'It 
110 ~ 6 

k' 
,'I 

101 ~ 

'" ',' "I 

5 
/ 

// 
100 ~~ 4 

, .. ,.' I , , , )' 

011 ,...,.,...4 ~ 3 ~/\ 
: !,," 11-- Extreme Value 

010 ~J I of the Linearity 
.. " Error in the 

2 

/' Extreme Value 
,. of the Linearity 

Error in the 
Diagram ,~i Diagram 

001 jj,-'-" (- V4 LSB) 

)1 

(+ Yo LSBJ 

000 
, I I 

o ~~+---4_--~---+--_4----+_--~ 

01 1 2 3 

I Analog Input Value (LSBJ 

"i'" Remaining Offset 
Error 1+ 1f4 lSB) 

4 5 6 000\ 001 010 011 100 

\ Digital Input· Code 

Remaining Offset 
Error (- Yo LSBJ 

101 

a. ADC b.DAC 

FIGURE 12. BEST-STRAIGHT-LiNE LINEARITY ERROR OF A LINEAR 3-BIT NATURAL 
BINARY-CODED CONVERTER (VALUES BETWEEN ± % LSBI 

110 111 

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

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

Linearity Error, Differential (of a linear ADe or DAe) (ED) 
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 ADe) (Ell 
The difference between the actual analog value at the transition between any two adjacent steps and its ideal 
value after offset error and gain error have been adjusted to zero. (See Figure 14a.) 

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

NOTE 2: The inherent quantization error is not included in the linearity error of an ADC. The ideal value for 
the transition corresponds to the nominal midstep value ± 1 /2 LSB. 
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Digital 
Output 
Code 

0 .. 110 

0 .. 101 

0 .. 100 

0 ... 011 

0 .. 010 

o .. 001 

0 ... 000 

o 

Analog 
Output 
Value 
(LSB) 

6 

5 

4 

3 

2 

o 

r-­
I 
I 
I 

.---J yl Differential 

: ~ linearity 
I I Error (+ % LSB) 

i~ 1 LSB 

~ ; LS~ Differential Linearity 
I 

Error (- Yz LSB) 

Analog Input Value (LSBI 

2 3 4 5 

a. ADC 

1 LSB , t:: 
/~ 

.-----------r:--~~ 
\ I \ 
" / '-~ 

I 
I 

,,­,-

Differential linearity 
Error (+ % LSB) 
~ 

Digital 
Input Code 

0 ... 001 o .. 011 0 ... 101 

b. DAC 

~/ 

I 
I 

I 

FIGURE 13. DIFFERENTIAL LINEARITY ERROR OF A LINEAR ADC OR DAC 
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GLOSSARY 
TERMS, DEFINITIONS AND LETTER SYMBOLS 

Digital 

Output 
Code 

Analog 
Output 
Value 
ILSBI 

111 -----------------------------......." 

110 

101 

100 

011 

010 

001 

000 

o 

I , I 
)' 1 

" Ideal ............... 
Act~~~nsitiO~ :-k JY 

Transition ~ 
\~ At Transition 'V' 011/100 ......,....,.;...:"~ (-%lSB) 

1 1 ' I 
: ~(' I / 

,....,......".!...J End·Point lin. Error 
I I,' 
I • 
)'1 / 

~.J At Transition 001/010 
I " II )" ......... ~ __ -- (- Y. LSB) 

,I , 

2 3 4 5 

Analog Input Value ILSBI 

a. ADC 

6 

6 

5 

4 

3 

2 

"II' 
, 

, 
, , 

.' At Step 011 7/1+%lSBI 

,/~'- / 
End-Point Lin. Error 

"w' / 

-~ At Step 001 
1+ Y. LSBI 

o ~--+---+---~---+--_4----~--4 
000 001 010 011 100 101 110 111 

Digital Input Code 

b. DAC 

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) (Ell 
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) (EO) 

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

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

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

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

Pedestal (Error) (Ep) 
A dynamic offset error produced in the commutation process. 
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GLOSSARY 
TERMS, DEFINITIONS AND LETTER SYMBOLS 

Digital 
Output 
Code 

Analog 
Output 
Value 
ILSB) .' 

011 

010 

001 

, , 

, , , 

r---;, .... --- ~ 
1 , 
1 ' ,,' 

/1 
, 1 • 

Id I ' J • ea ~~--;r-- !l\. 
Diagram I ", ~ "Actual 

,f I Diagram 
/1 

:~:/~-H-J ~B 
)' ! ," :! Analog 

~--,--+ ..... --t-----+-- Output 
Value 

3 

Actual 
2 

Offset "'­
Point " .' 

Actual ........... ,. 
Diagram ~. ,. ... , 

,~. 

, 

It' 
,." ,. 

, ,. II 
"", 'Ideal 

Diagram 

Offset Error 
(+ 1 V. LSB) 

Digital 
o ~---+--..I......j---+---_ Input 

000 001 010 

Nominal 
Offset Point 

b.DAC 

011 Code 

FIGURE 15. OFFSET ERROR OF A LINEAR 3·BIT NATURAL BINARY CODE CONVERTER 
(SPECIFIED AT STEP 000) 

Quantization Error, Inherent (of an ideal AD C) 
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) (ERO) 
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 AD C) (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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! " T atal Error 

....... ' AtStepO ... l0l 
~ ... ...' (-1Y4LSB) 

~ 

0 ... 001 

)/ Total Error 
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Analog Input Value ILSBI 

a. ADC 

, 

GLOSSARY 
TERMS, DEFINITIONS AND LETTER SYMBOLS 

Analog 
Output 
Value 
(LSBI 

6 

4 

3 

.'" ~ ~ 
~ .... ,' 

,.'",tI' 
. ~II" /,,' , , .• 21' Total Error 

." ,/ At Step 0 ... 011 
tI .. ' ( + 1 Y. LSBI 

/ ,,' 
2 , ./ 

~ ,,' ,. ./ 
>,/ 

o 
0 ... 000 

0 ... 001 0 ... 011 0 ... 101 .111 

Digital Input Code 

b. DAC 

FIGURE 16. ABSOLUTE ACCURACY ERROR. TOTAL ERROR OF A LINEAR ADC OR DAC 

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

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

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

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

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

a 
c 
o 

'+0 
CU 

E ... 
o -c -
cu ... 
Q) 
C 
Q) 

~ 

TEXAS ." 
INSTRUMENTS 

1-37 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



II 
C) 
(I) 
:I 
(I) ... 
!!. 
:I -o ... 
3 
I» .... o· 
:I 

1-38 



Data Sheets tj 

2-1 



C 
I» 
r+ 
I» 

en 
::r 
CD 
CD 
r+ en 

2-2 

Contents 

AID and DIA Converters 
Switched-Capacitor Filters 
DSP Analog Interface Circuits 
Analog Switches and Multiplexers 



• Advanced LinCMOS'· Silicon-Gate 
Technology 

• Easily Interfaced to Microprocessors 

• On-Chip Data latches 

• Monotonicity Over Entire AID Conversion 
Range 

• Segmented High-Order Bits Ensure low­
Glitch Output 

• Designed to be Interchangeable with Analog 
Devices AD7524. PMI PM-7524. and Micro 
Power Systems MP7524 

• Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 
with TMS320 

KEY PERFORMANCE SPECIFICA nONS 

Resolution 8 Bits 

Linearity error Y2 LSB Max 

Power dissipation 

at VDD ~ 5 V 
5 mW Max 

Settling time 100 ns Max 

Propagation delay 80 ns Max 

description 

AD7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 

DlGlTAL-TO-ANALOG CONVERTER 

GUT1 
GUT2 

GND 
DB7 
DB6 
DB5 
DB4 
DB3 

N PACKAGE 

(TOP VIEW) 

031 ~O. APRil 1988 

RFB 
REF 

VDD 
WR 
CS 
DBO 
DB1 
DB2 

AD7524J ... FN PACKAGE 

(TOP VIEW) 

N~ 

~~u s:tt ooza:a: 

3 2 1 20 19 

GND 18 VDD 
DB7 5 17 WR 

NC 6 16 NC 
DB6 15 CS 
DB5 8 14 DBO 

9 10 11 12 13 

.q(Y)UN..-

~~z~~ 

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 
y, 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 DC. and the AD7524J is characterized 
for operation from O°C to 70°C. 

AVAILABLE OPTIONS 

SYMBOLIZA nON OPERATING 

DEVICE 
PACKAGE TEMPERATURE 

SUFFIXES RANGE 

AD7524A N - 25°C to 85°C 

AD7524J N. FN ooe to 70°C 

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 

~~~~~:~~i~a{::1~1e ~~::i~~ti:r :llo::~;~:t!~~S not 
TEXAS ~ 

INSTRUMENTS 

Copyright © 1988, Texas Instruments Incorporated 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

I 
(/) ... 
CI) 
CI) 

.s:::: 
CJ) 

as ... as 
C 

2-3 



• C 
Q) 
r+ 
Q) 

en 
:::r 
CD 
CD 
r+ 
(I) 

2-4 

AD7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 
DIGITAL·TO·ANALOG CONVERTER 

functional block diagram 

115) 
REF 

CS 
112) 

WR 
113) 

operating sequence 

VDD 

1114) 

R R // R 

" 
2R 2R 2R 

S-l /1 S-2 liSe[ :t :1 
I I I 
I I I 

I I I 
LL 

I DATA LATCHES 
,. 

+ + 
114) 1151 116) 

087 DB6 DB5 
IMSB) 

2R 

/1 S-8 

:1 
I 
I 

I 
-1 

I 
I 

T 
11111 

DBa 
ILSB) 

~--------~v~----------· DATAINPIJTS 

2R 
116) 

R 

11) 
OUTl 

12) 
OUT2 

13) 
GND 

14/4---- tsuICS) ~~ ~/ thlCS) 
I I 

~ --------~'\~' ________________ ~:---'Ir--------
I 

l4---twIWR)-----.! 
I I 

WR -----"'"\\ tf.------
j4-- tsuID)--+I 
I ~thID) 

DBO-DB7 -----------4( »)-------
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 17 V 
Voltage between RFB and GND . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. ± 25 V 
Digital input voltage, VI ....................................... - 0.3 V to VDD + 0.3 V 
Reference voltage, Vref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Peak digital input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ................... 10 p.A 
Operating free-air temperature range: AD7524A ................. . . . . . . . .. - 25°C to 85 °e 

AD7524J ............................. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°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 

TEXAS ~ 
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AD7524 
Advanced LinCMOSTM 8-BIT MUL TIPL VING 

DlGlTAL-TO-ANALOG CONVERTER 

recommended operating conditions 

VDD = 5 V VDD - 15 V 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VOD 4.75 5 5.25 14.5 15 15.5 V 

Reference voltage, Vref ±10 ±10 V 

High-level input voltage, "IH 2.4 13.5 V 

Low-level input voltage, VIL 0.8 1.5 V 

CS setup time, tsu(CS) 40 40 ns 

CS hold time, th(CS) 0 0 ns 

Data bus input setup time, tsu(D) 25 25 ns 

Data bus input hold time. th(D) 10 10 ns 

Pulse duration, WR low, tw{WR) 40 40 ns 

I AD7524A -25 85 -25 85 
Operating free-air temperature, TAl AD7524J 

0 70 0 
°C 

70 

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

PARAMETER 

High-level input 
IIH 

current 

Low-level input 
IlL 

current 

OUTl 

Output leakage 
Ilkg 

current 

OUT2 

Quiescent 

10D Supply current 

Standby 

Supply voltage sensitivity. 
kSVS 

t.gain/.lVoo 

Ci 
Input capacitance, 

OBO-OB7, WR, CS 

OUTl 

Output OUT2 
Co 

capacitance oun 
OUT2 

Reference input impedance 

(REF to GNO) 

TEST CONDITIONS 
VDD = 5 V 

MIN 

Full range 
VI = VOO 

25'C 

VI = 0 
Full range 

25'C 

OBO-OB7 at 0, WR 
Full range 

and CS at 0 V, 

Vrel = ±10V 25°C 

OBO-OB7 at VOO, Full range 

WR and CS at 0 V, 
25°C 

Vrel = ±1O V 

OBO-OB7 at VIHmin Full range 

or VILmax 25°C 

OBO-OB7 at 0 V Full range 

orVOO 25°C 

t.VOO = 10% 
Full range 

25°C 

VI = 0 

OBO-OB7 at 0, WR and CS at 0 V 

OBO-OB7 at VOO, WR and CS at 0 V 

5 

TEXAS ~ 
INSTRUMENTS 
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0.002 
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MAX 

10 

1 

-10 

-1 

±400 

±50 

±400 

±50 

2 

1 

500 

100 

0.16 

0.08 

5 

30 

120 

120 

30 

20 

VDD - 15V 
UNIT 

MIN TYP MAX 

10 

1 
~A 

-10 

-1 
~A 

±200 

±50 
nA 

±200 

±50 

2 
mA 

2 

500 

100 
~A 

0.005 0.04 
%/% 

0.001 0.02 

5 pF 

30 

120 

120 
pF 

30 

5 20 k!l 

I/) .... 
Q) 
Q) 
.c 
(J) 

CO .... 
CO 
C 
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AD7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 
DIGITAL· TO·ANALOG CONVERTER 

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

PARAMETER TEST CONDITIONS 
vCC - 5 V VDD - 15 V 
MIN MAX MIN MAX 

Linearity error ±0.2 ±0.2 

I Full range ± 1.4 ±0.6 
Gain error See Note 1 

125°C ±1 ±0.5 

Settling time (to 1/2 LSB) See Note 2 100 100 

Propagation delay from digital input to 90% 

of final analog output current 
See Note 2 80 80 

Vre! = ± 10 V (100 kHz I Full range 0.5 0.5 

Feedthrough at OUT1 or OUT2 sinewave). WR and CS at O. 1 25 °C 
DBO-DB7 at 0 

0.25 0.25 

Temperature coefficient of gain T A = 25°C to tmin or t max ±O.O04 ±O.OO1 

NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vref - 1 LSB. 
2. OUT1 load = 100 n. Cext = 13 pF. WR at 0 V. CS at 0 V. DBO-DB7 at 0 V to VDD or VDD to 0 V. 

PRINCIPLES OF OPERATION 

UNIT 

%FSR 

%FSR 

ns 

ns 

%FSR 

%FSR/'C 

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 Ilkg 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 OUT1. 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. 
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DBO·DB7 

AD7524 
Advanced LinCMOSTM 8·81T MUL TIPLVING 

DlGITAL·TO·ANALOG CONVERTER 

Iref-+ 

PRINCIPLES OF OPERATION 

~r-R----- RFB 

r------::1: ... -I------ OUT1 

" .. ~t I"" 
REF ---'\IVI....---.-;t\~;t\ -----I - OUT2 

1/256 ~ ~ Ilkg ~ i J 120 pF 

FIGURE 1. AD7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 

RA - 2kn 
ISee Note 31 

DBO-DB7 
';.L---I 

cs----I 

WR----I 

Vref VDD 

~--_e~OUTPUT 

-= 
FIGURE 2. UNIPOlAR OPERATION (2-QUADRANT MULTIPLICATION) 

RA - 2 kn 
ISee Note 31 

Vref VDD 

RB 

20 kll 

20 kn 

OUTPUT 

CS---I 
WR----I 

GND 

FIGURE 3. BIPOLAR OPERATION (4·QUADRANT OPERATION) 

NOTES; 3. RA and RS 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. 
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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 

ISEE NOTE 5) ANALOG OUTPUT (SEE NOTE 6) 

MSB lSB MSB lSB 

11111111 - Vref 1255/256) 11111111 

10000001 - Vref (129/256) 10000001 

10000000 - Vref (128/256) = -Vref/2 10000000 

01111111 - Vref (127/256) 01111111 

00000001 -Vref (1/256) 

00000000 0 I NOTES: 5. LSB = 11256 (Vref). 

00000001 

00000000 

C 
m 

6. LSB = 1/128 (V,e!). 
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00-07 DATA BUS 

Z-80A 

WRI---~--"'" 
)----------iWR 

lORa I--..... ---i~-t 

AO-A15 ADDRESS BUS 

FIGURE 4. AD7524-Z-80A INTERFACE 

00-07 DATA BUS 1-------------------------------, 
6800 

<1>21---1""""", 
~---------------iWR 

VMA t--+-I--I 

AO-A15 ADDRESS BUS 

FIGURE 5. AD7524-6800 INTERFACE 
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AD7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 

DlGITAL·TO·ANALOG CONVERTER 

microprocessor interfaces (continued) 

-
" A8-A15 ADDRESS BUS ) 

DECODE 
8051 r---

" 
LOGIC 

- 8-BIT ) 
/ 

/'\ LATCH '---

CS 

T oun 

I 
WR AD7524 

ALE OUT2 
DBO-DB7 

WR n " -
ADO-AD7 ADDRESS/DATA BUS ) 

FIGURE 6. AD7524-8051 INTERFACE 
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AD7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 

DlGITAl·TO·ANAlOG CONVERTER 

• Advanced LinCMOS" Silicon-Gate 
Technology 

• Easily Interfaced to Microprocessors 

• On·Chip Data Latches 

• Monotonic Over the Entire AID Conversion 
Range 

• Designed to be Interchangeable with Analog 
Devices AD7528 and PMI PM-7528 

• 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 VOO = 5 V 5 mW 

Settling Time at VDD = 5 V 100 ns 

Propagation Delay at VDD = 5 V 80 ns 

description 

The AD7528 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 to be loaded. The "load" cycle of the 

AGND 
OUTA 

RFBA 
REFA 

DGND 

DACA/DACB 
(MSB) DB7 

DB6 

DB5 

DB4 

5 

DACA/DACB 6 
(MSB)DB7 

DB6 

N PACKAGE 

(TOP VIEW) 

FN PACKAGE 

(TOP VIEW) 

;;3~~~gJ 
~6~6~ 

03112. JULY 1988 

OUTB 
RFBB 
REFB 

VDD 
WR 

CS 
DBO (LSB) 

DB1 

DB2 
DB3 

3 2 1 20 19 

910111213 

LD.qC"'lN ..... 
IIlCOCCallIl 
00000 

1B REFB 

17 VDD 
16 WR 
15 CS 
14 DBO(LSB) 

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 OoC to 70°C. 

AVAILABLE OPTIONS 

SYMBOLIZATION OPERATING 

PACKAGE TEMPERATURE 
DEVICE 

SUFFIX RANGE 

AD75288 FN. N -25'e to B5°e 

AD7528K FN, N ooe to 70°C 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

PI 
en ... 
CI) 
CI) 
.r: 
en 

C'O ... 
C'O 
C 

PRODUCTION DATA documents contain inlormation 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS ~ 

INSTRUMENTS 
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AD7528 
Advanced LinCMDSTM DUAL 8·BIT MULTIPLYING 
DIGITAL· TO·ANALOG CONVERTER 

functional block diagram 

DBO (141 

(131 

• (121 

• (111 
DATA • 

(NPUTS • (101 
• • 191 

IBI 

DB7171 

DACAIDACB 161 

m l161 

CS 1151 

operating sequence 

INPUT 
BUFFER 

LOGIC 
CONTROL 

DACAIDACB 

DBO·DB7 

14 

'\ 
14 

\ 

REFA 

141 

8 
8 LATCH 

DAC A 
A 

B 
LATCH 

B 

REFB 

tsulCSI ~14 .I thlCSI 

I I I 
tsulDACI ... ~ thlDACI 

I ! I 
~tWIWRI---.I 

\- t 
~tsUIDI~thIDI 

X DATA IN STABLE X 
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AD7528 
Advanced LinCMDSTM DUAL 8·BIT MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 

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

Supply voltage, VDD (to AGND or DGND) ............................... -0.3 V to 17 V 
Voltage between AGND and DGND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage, VI (to DGND) ............. . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD + 0.3 V 
Reference voltage, VrefA or VrefB (to AGND). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Feedback voltage, VRFBA or VRFBB (to AGND) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Output voltage, VOA or VOB (to AGND) ....................................... ± 25 V 
Peak input current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 p.A 
Operating free-air temperature range: AD7528B .......................... - 25°C to 85 °C 

AD7528K . . . . . . . . . . . . . . . .......... OOC to 70°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: N package ............ 260°C 

recommended operating conditions 

voo = 4.75 V to 5.25 V voo = 14.5 V to 15.5 V 
UNIT 

MIN NOM MAX MIN NOM MAX 
Reference voltage, VrefA or VrefB ±10 ±10 V 

High-level input voltage, VIH 2.4 13.5 V 

Low-level input voltage, VIL 0.8 1.5 V 

CS setup time. tsu(CS) 50 50 ns 

CS hold time. th(CS) 0 0 ns 

DAC select setup time, tsu(DAC) 50 50 ns 

DAC select hold time, th(DAC) 10 10 ns 

Data bus input setup time tsu(D) 25 25 ns 

Data bus input hold time th(O) 0 0 ns 

Pulse duration, WR low, tw(WR) 50 50 ns 

I A07528B -25 85 -25 85 
Operating free-air temperature, TAl AD7528K °C 

0 70 0 70 

TEXAS .. 
INSTRUMENTS 
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AD7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DIGITAL·TO·ANALDG CONVERTER 

electrical characteristics over recommended operating temperature range. VrefA - VrefB .. 10 V. 
VOA and VOB at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
Voo - 5 V Voo = 15V 

UNIT 
MIN MAX MIN MAX 

IIH High~level input current 
Full Range 10 10 

VI = VOO 
25°C 1 1 

~A 

Full Range -10 -10 
IlL low-level input current VI = 0 

25°C -1 -1 
~A 

Reference input impedance 

(Pin 15 to GND) 
8 15 8 15 k!l 

OUTA 
DAC data latch loaded with Full Range ±400 ±200 

00000000, VrelA = ± 10 V 25°C ±50 ±50 
Ilkg Output leakage current nA 

OUTB 
DAC data latch loaded with Full Range ±400 ±200 

00000000, V relB = ± 10 V 25°C ±50 ±50 

Input resistance match 
±1% ±1% 

(REFA to REFB) 

DC supply sensitivity L Full Range 0.04 0.02 

again/aVDD 
VDO = ±10% 

125 °C 0.02 0.01 
%/% 

Quiescent DBO-DB7 at VIHmin or VILmax 1 1 

IDD Supply current 
Standby 

I Full Range 0.5 0.5 mA 
DBO-DB7 at 0 V or VDD 

125 °C 0.1 0.1 

DBO-DB7 10 10 

Ci Input capacitance WR, CS, 

DACA/DACB 

VI = 0 or VDD 
15 15 

pF 

Co 
Output capacitance DAC Data latches loaded with 00000000 50 50 

(OUT A, OUTB) DAC Data latches loaded with 11111111 120 120 
pF 

2-14 TEXAS ~ 
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AD7528 
Advanced LinCMOSTM DUAL B·BIT MUL TIPL VING 

DlGlTAL·TO·ANALOG CONVERTER 

operating characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and VOB at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
VOO ~ 5 V VOD = 15V 

MIN TYP MAX MIN TYP MAX 

Linearity error ± 1/2 ±1/2 

Setting time (to 112 LSBI See Note 1 100 100 

Gain error 
Full Range ±4 ±3 

See Note 2 
25'C ±2 ±2 

AC feedthrough 
I REFA to OUTA Full Range -65 -65 

I REFB to OUTB 
See Note 3 

25'C -70 -70 

Temperature coefficient of gain 0.007 0.0035 

Propagation delay (from digital input to 

90% of final analog output current) 
See Note 4 80 80 

Channel~to-channell REFA to OUTS See Note 5 25'C 77 77 

isolation I REFB to OUTA See Note 6 25'C 77 77 

Measured for code transition from 

Digital-ta-analog glitch impulse area 00000000 to 1 1 1 1 1 1 1 1. 160 440 

TA = 25'C 

Measured for code transition from 

,Digital crosstalk glitch impulse area 00000000 to 11111111, 30 60 

TA = 25°C 

Harmonic distortion Vi = 6 V, f = 1 kHz, TA = 25°C -85 -85 

NOTES: 1. OUTA, OUTB load = 100 n, Cext = 13 pF; WR and CS at 0 V; OBO-DB7 at 0 V to VDD or VDD to 0 V. 
2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vref - 1 LSB. 
3. Vref = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with 0000000. 

UNIT 

LSB 

ns 

LSB 

dB 

%FSR/'C 

ns 

dB 

nVs 

nVs 

dB 

4. VrefA = VrefB = 10 V; OUTA/OUTB load = 100 n, Cext = 13 pF; WR and CS at 0 V; DBO-DB7 at 0 V to VOD or VOD to a V. 
5. 80th DAC latches loaded with 11111111; VrefA = 20 V peak-to-peak, 100-kHz sine wave; VrefB = O. 
6. Both DAC latches loaded with 11111111; VrefB ~ 20 V peak-to-peak, 100-kHz sine wave; VrefA = O. 

principles of operation 

The AD7528 contains two identical8-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 (Ilkg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10 °C_ Co 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 Co is 50 pF to 120 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 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. 

II 
III .... 
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AD7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DlGITAL·TO·ANALOG CONVERTER 

R R R 

2R 2R 2R 2R 2R 

S1 S8 R 
r-'\Nv-- RFBA 

~~--~~~~~~~f--~~----~~------OUTA 

L---~~--~~~~--~~--~~-----AGND 

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 

RFBA 

R 
VREFA-"N ....... --_r--------.... ----... ~~--OUTA 

.-L 
256 

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

MODE SELECTION TABLE 

DACAl 

DACB 
CS WR DACA 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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AD7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 

DlGITAl·TO·ANAlOG CONVERTER 

TYPICAL APPLICATION OAT A 

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. 

VilAI 
±10 V 

VDD~- ---
1141 DBO 

· · INPUT · · BUFFER VOA · · 171 DB7 

161 
I DACAl 

DACB 

1151 CS CONTROL 

1161 WR LOGIC 

DGN~ VOB 

-= L-

RECOMMENDED TRIM 

RESISTOR VALUES 
VilBI 

R1, R3 500 !l ±10 V 
R2, R4 150 !l 

NOTES: 1. Rl, 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. Cl 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) 

B 
til ... 
Q) 
Q) 
.c 
en 
ca ... ca 
C 
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AD7528 
Advanced linCMOSTM DUAL 8-BIT MUL TlPL VING 
DIGITAL-TO-ANALOG CONVERTER 

TYPICAL APPLICATION OAT A 

ViiAI 
±10 V 

VDD~B;- - - - - - - - - -REFA 
I • 
I : 

INPUT 
BUFFER 

17) DB7 

16) 

115) 

116) 

DGND~ 
...!.. • REFB 

"::" '------------

± 10 V 
ViIB) 

R6 ISee Note 21 

20 k!! 

(See Note 2) 
Rl0 

20 kn 

10 kn 
VOB 

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 ~ 0 V with code 10000000 in DACA latch. Adjust R3 for VOB ~ 0 V with 10000000 in DACB latch. 

2. Matching and tracking are essential for resistor pairs R6, R7, R9, and R10. 
3. Cl and C2 phase compensation capacitors 110 pF to 15 pF) may be required if Al 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 

MSB LSBt 
ANALOG OUTPUT 

DAC LATCH CONTENTS 

LSB* 
ANALOG OUTPUT 

MSB 

11111111 - Vi (255/256) 11111111 Vi (1271128) 

10000001 - Vi (129/256) 10000001 Vi (1/128) 

10000000 - Vi (128/256) ~ - Vi/2 10000000 OV 

01111111 -Vi (127/256) 01111111 -Vi (1/128) 

00000001 - Vi (1/256) 00000001 -Vi (127/128) 

00000000 - Vi (0/256) ~ 0 00000000 -Vi (128/128) 
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AD7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 

DlGlTAL-TO-ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

microprocessor interface information 

A8-A15 

CPU 
6051 

ADDRESS 
OECODE 
lOGIC 

WRI----j 

ALE 

ADDRESS 8US 

.-----+----IDACA/DACB 
A 

AD7528 

ADO-AD7~ _______ D~A~T~A~B~U~S~ ___ ~~ _____ ~ 

NOTE: A ~ decoded address for AD7528 DACA. 
A + 1 ~ decoded address for AD7528 DACB. 

FIGURE 5. AD7528 - INTEL 8051 INTERFACE 

A8-A15~_~", 

VMA 

CPU 
6800 

00·07 

ADDRESS BUS 

AD752B 

DATA BUS 
I--------------~~-----~ 

NOTE: A ~ decoded address for AD7528 DACA. 
A + 1 ~ decoded address for AD7528 DACB. 

FIGURE 6. AD7528 - 6800 INTERFACE 

EI 
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AD7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 
DlGITAL-TO-ANALOG CONVERTER 

NOTE: 

TYPICAL APPLICATION DATA 

AB-A15 t---n 

CPU 
Z80-A 

00-07 

ADDRESS 
DECODE 
LOGIC 

ADDRESS BUS 

A 

DATA BUS 
t--------------~L-----~ 

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 0 to -Vref. 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. 

TEST 
INPUT--------..., 

VDD 

o TO -Vref r---=::::-:-t'-'-'----"..;.;.; 

DATA r---L-L~; 

INPUTS '----r-~,L-I • 
(71 DB7 (11 

_-I-H...;.(1.;.;5"11 CS AGND ... -+ .... _--, 
_-I-H...;.(1.:..;6"11 WR AD7528 

--+-.-+---'..:(6"-11 DACA/DACB 

+ V ref _-t ...... ...,.(.:.:18::.!lfRc.:;E::..F.::;B-t 

RFBB 

(191 

VCC 

1 kll 

PASS/FAIL 
OUTPUT 

FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER· AND LOWER-LIMIT TESTER) 
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AD7528 
Advanced LinCMOS™ DUAL 8·BIT MULTIPLYING 

DIGlTAL·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 for a 0 to 15.5 dB 
range. 

Attenuation db ~ -20109100/256. D ~ digital ilnput code 

VDD (17lr--;::::===:;;~.@L ___ --, 
RFBA 

VINA--------:1..:.4'-1) 1==-1 OUTA 
OUTPUT 

• 
AD7528 D:7P'->o,C---~ 

CS (15) 

WR (16) 

DACA/DACB~(~6)~------

VOB 

(18) 

REFB 

AGND (1) 

DGND (5) 

FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR 

TABLE 3. ATTENUATION vs DACA, DACB CODE 

ATTN(dBI DAC INPUT CODE 
CODE IN 

DECIMAL 
ATTN (dB) DAC INPUT CODE 

CODE IN 

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 

EJ 
fIj ... 
(1) 
(1) 

.J:. 
CJ) 

CO ... 
CO 
C 
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AD7528 
Advanced LinCMOSTM DUAL 8·BIT MUL TlPL VING 
DIGITAL· TO·ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

programmable state·variable filter 

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, DACA 1 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. 

- 1 
fc = 2rr R1 C1 

The programmable range for the cutoff or center frequency is 0 to 15 kHz with a Q ranging from 0.3 to 
4.5. This defines the limits of the component values. 

DATA 
IN 

-=-

(41 REFA 

(171 
VDD 

(141 DBO 
• (71 • DB7 AD752B 

1151 cs 
(161 

WR 
(5I DGND 

(61 
DACA/DACB 

(171 VDD 

(14IDBO 
D~;A"""'--'--(7-'i1 : 

1151 DB7 
CS 

1161 WR 

151 DGND 

DACA1 AND DACB1 

AD7528 

161 DACAIDACB 

DACA2 AND DACB2 

OUTA (21 

RFBA 
(31 

AGND 111 

OUTB (201 

RFBB 
1191 

1181 
REFB 

OUTA (21 

RFBA (31 

AGND 111 

OUTB 1201 

RFBB (191 

REFB 1181 

NOTES: A. Op-amps A 1. A2. A3. and A4 are TL287. 

B. C3 compensates for the op-amp gain-bandwidth limitations. 

256 x IDAC ladder resistancel 
C. OAC equivalent resistance equals 

DAC digital code 

BANDPASS 
OUT 

C2 

C3 

"'--f-HIGH PASS 
OUT 

>_-4t_LOW PASS 
OUT 

Q= 
R3 RF 
R4 • RfblDACB11 

Ao = 
RF 

- RS 

FIGURE 10. DIGITALLY CONTROLLED STATE·VARIABLE FILTER 
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• 8·Bit Resolution 

• Ratiometric Conversion 

• 100·,..s Conversion Time 

• 135·ns Access Time 

• Guaranteed Monotonicity 

• High Reference Ladder Impedance 
. . . 8 kO Typical 

• No Zero Adjust Requirement 

• On·Chip Clock Generator 

• Single 5·V Power Supply 

• Operates with Microprocessor or as· 
Stand·Alone 

AoCDBD3, AoCDBD5 
B·BIT ANALoG·To·oIGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 
02754. NOVEMBER 1983- REVISED SEPTEMBER 1986 

CS 
RD 

WR 
ClK IN 

INTR 

IN+ 
IN-

ANlG GND 

N PACKAGE 
(TOP VIEWI 

VCC (OR REF) 
ClK OUT 
DBO (lSB) 
DB1 
DB2 
DB3 
DB4 
DB5 

DATA 
OUTPUTS 

REF/2 DB6 

DGTl GND '-l.":""':"".J-' DB7 (MSB) 

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

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 I/O port. Detailed information on 
interfacing to most popular microprocessors is readily available from the factory. 

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

The ADC08031 and ADC08051 are characterized for operation from -40 DC to 85 D C. The ADC0803C 
and ADC0805C are characterized for operation from ODC to 70 D C. 

Copyright © 1983, Texas Instruments Incorporated 
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ADC0803. ADC0805 
8·BIT ANALOG·TO·DlGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 

functional block diagram (positive logic) 
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ADC0803, ADC0805 
8·BIT ANALOG·TO·DIGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . .. 6.5 V 
Input voltage range: es, RD, WR - 0.3 V to 18 V 

Other inputs. . . . . . . . . . . . . . . . . . . . . -0.3 V to Vee +0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vee +0.3 V 
Operating free-air temperature range: ADC080_1. . . . . . . . . . . . . . . . . . . . . -40°C to 85°C 

ADe080_e ............................ Qoe 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 

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

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, V CC 4.5 5 6.3 V 

Analog input voltage (see Note 2) -0.05 VCC +0.05 V 

Voltage at REFI2 Isee Note 31, VREF/2 0.25 2.5 V 

High-level input voltage at C5, RD, or WR, VIH 2 15 V 

Low-level input voltage at C5 , RD, or WR, VIL 0.8 V 

Analog ground voltage (see Note 4) 0.05 0 1 V 

Clock input frequency (see Note 5). fclock 100 640 1460 kHz 

Duty cycle for fclock above 640 kHz (see Note 5) 40% 60% 

Pulse duration, clock input {high or low I for fclock below 640 kHz, tw(CLK) 275 781 ns 

Pulse duration, WR input low, tw(WR) 100 ns 

L ADC080_1 40 85 
Operating free-air temperature, T A °c I ADC080_C 0 70 

NOTES: 2. When the differential input voltage IVI + - VI_I is less than or equal to 0 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 Vee when 

REFI2 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 Vee = 5 V is 0 V to 5 V. VREF/2 for an input voltage 
range from 0.5 V to 3.5 V Ifull·scale differential voltage of 3 VI is 1.5 V. 

4. These values are with respect to DGTL GND. 
5. Total unadjusted error is specified only at an fclock 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 fclock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided twICLK) 
remains within limits. 

I/) .... 
Q) 
Q) 

.s:::: 
t/) 

C'CI .... 
C'CI 
C 

TEXAS ~ 
INSTRUMENTS 

2-25 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



I 

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

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

PARAMETER TEST CONDITIONS MIN Typt MAX 

High-level All outputs VCC - 4.75 V, 10H - -360 ~A 2.4 
VOH 

output voltage DB and INTR VCC ~ 4.75 V, 10H ~ -10~A 4.5 

Low-level Data outputs VCC ~ 4.75 V, IOL ~ 1.6 rnA 0.4 

VOL output INTR output VCC ~ 4.75 V, 10L ~ 1 rnA 0.4 

voltage CLK OUT VCC ~ 4.75 V, 10L ~ 360 ~A 0.4 

VT+ 
Clock positive-going 

threshold voltage 
2.7 3.1 3.5 

VT-
Clock negative-going 

threshold voltage 
1.5 1.8 2.1 

VT + - VT _ Clock input hysteresis 0.6 1.3 2 

IIH High-level input current 0,005 1 

IlL Low-level input current -0,005 -1 

Vo - 0 -3 
102 Off-state output current 

Va ~5V 3 

Short-current 
10HS Output high Va ~ 0, TA ~ 25 c C -4.5 -6 

output current 

Short-circuit 
IOLS Output low Va ~ 5 V, TA ~ 25 C C 9 16 

output current 

ICC 
Supply current plus VREF/2 - open, TA - 25 c C, 

1.1 1.8 
reference current CS ~ 5 V 

RREF/2 
Input resistance to 

reference ladder 
See Note 6 2.5 8 

Ci Input capacitance (controll 5 7.5 

Co Output capacitance (DB) 5 7.5 

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, Vee = 5 V. 
VREF/2 = 2.5 V. fclock = 640 kHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

Supply-voltage-variation error VCC ~ 4.5 V to 5.5 V, See Note 7 ±1/16 ± 118 

Total adjusted error AOC0803 With full-scale adjust, See Notes 7 and 8 
+1/4 

± 1/2 

Total unadjusted error 
VREF/2 - 2.5 V, See Notes 7 and 8 ± 1/2 

AOC0805 
VREF/2 open. See Notes 7 and 8 ±1 

DC common-mode error See Notes 7 and 8 ± 1/16 ± 1/8 

ten Output enable time TA - 25 cC, CL ~ 100 pF 135 200 

tdis Output disable time TA - 25 cC, CL - 10 pF, RL - 10 kll 125 200 

td(1NTR) Delay time to reset INTR TA ~ 25 cC 300 450 

fclock ~ 100 kHz to 1.46 MHz, 
tconv Conversion cycle time 

TA ~ 25 cC, See Note 9 
66 73 

CR Free-running conversion rate INTR connected to WR, CS at 0 V 8770 

t All typical values are at T A ~ 25 cc. 
NOTES: 7. These parameters are specified over the recommended analog input voltage range. 

5 V. 

UNIT 

V 

V 

V 

V 

V 

~A 

~A 

~A 

rnA 

rnA 

rnA 

kll 

pF 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

ns 

ns 

ns 

clock 

cycles 

conv/s 

S. All errors 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-Iow 
transition of iNfR completes the cycle. 
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ADC08D3. ADC08D5 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 

WITH DIFFERENTIAL INPUTS 

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

PRINCIPLES OF OPERATION 

The ADC0803 and ADC0805 each contain a circuit equivalent to a 256-resistor network. Analog switches 
are sequenced by successive-approximation logic to match an analog differential input voltage 
(Vin + - 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 (lNTR) 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. 
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• 8-Bit Resolution 

• Ratiometric Conversion 

• 100-l's Conversion Time 

• 135-ns Access Time 

• No Zero Adjust Requirement 

• On-Chip Clock Generator 

• Single 5-V Power Supply 

• Operates with Microprocessor or as 
Stand-Alone 

• Designed to be Interchangeable with 
National Semiconductor and Signetics 
ADC0804 

description 

ADCOB041, ADC0804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 

WITH DIFFERENTIAL INPUTS 
02755, OCTOBER 1983-REViSEO OCTOBER 1988 

N DUAL-iN-LINE PACKAGE 

(TOP ViEW) 

CS VCC (OR REF) 
RD ClK OUT 

WR DBO (lSB) 
ClK IN DB1 

INTR DB2 
IN+ DB3 
IN- DB4 

ANlG GND DB5 
REF/2 DB6 

DGTl GND DB7 (MSB) 

DATA 
OUTPUTS 

The ADC0804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified 
potentiometric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control 
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear 
to the microprocessor as a memory location or an 1/0 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, ratio metric 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 ADC08041 is characterized for operation from -40°C to 85°C. The ADC0804C is characterized for 
operation from ooC to 70°C. 

Copyright © '983, Texas Instruments Incorporated 
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ADC08041. ADC0804C 
8·BIT ANALOG·TO·DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

functional block diagram (positive logic) 
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ADC08041, ADC0804C 
8-BIT ANALOG-TO-DiGITAL CONVERTER 

WITH DIFFERENTIAL INPUTS 

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

Supply voltage, Vee (see Note 1) ............................................. 6.5 V 
Input voltage range: es, RD, WR ..................................... -0.3 V to 18 V 

other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to Vee + 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to Vee + 0.3 V 
Operating free-air temperature range: ADe08041.......................... - 40 °e to 85°e 

ADe0804e . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
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 IDGTL GNDI with DGTL GND and ANLG GND connected together tunless 
otherwise noted). 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. VCC 4.5 5 6.3 V 

Voltage at REF/2, VREF/2 Isee Note 2) 0.25 2.5 V 

High-level input voltage at CS, RD, or WR, VIH 2 15 V 

Low-level input voltage at CS, RD, or WR, VIL O.B V 

Analog ground voltage Isee Note 3) -0.05 0 1 V 

Analog input voltage Isee Note 41 -0.05 VCC+0.05 V 

Clock input frequency, fclock Isee Note 51 100 640 1460 kHz 

Duty cycle for fclock '" 640 kHz Isee Note 5) 40 60 % 

Pulse duration clock input Ihigh or lowl for fclock < 640 kHz, twICLK) Isee Note 5) 275 781 ns 

Pulse duration, WR input low (start conversion), tw(WRI 100 ns 

I ADC08041 -40 85 
Operating free-air temperature, T A °c I ADC0804C 0 70 

NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the VCC when 
REF/2 is leit open. The voltage at REF/2 should be one-half the full-scale dillerential input voltage between the analog inputs. 
Thus, the dillerential input voltage when REF/2 is open and VCC = 5 V is 0 to 5 V. VREF/2 for an input voltage range from 
0.5 V to 3.5 V Ifull-scale dillerential voltage of 3 VI is 1.5 V. 

3. These values are with respect to DGTL GND. 
4. When the dillerential input voltage IVIN + - Yin _) is less than or equal to 0 V, the output code is 0000 0000. 
5. Total unadjusted error is specified only at an fclock of 640 kHz with a duty cycle of 40% to 60% Ipulse duration 625 ns 

to 937 nsl, For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should 
be observed for an f clock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tw(CLK) remains 
within limits. 
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ADC08041, ADC0804C 
8-BIT ANALOG-TO-DiGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

All outputs VCC = 4.75 V, IOH = -360 ~A 2.4 
VOH High-level output voltage 

DB and iiIi'i'R V 
VCC - 4.75 V, IOH - -10 ~A 4.5 

Data outputs VCC = 4.75 V. IOL = 1.6 rnA 0.4 

VOL Low-level output voltage iiIi'i'R output VCC = 4.75 V, IOL = 1 rnA 0.4 V 

CLK OUT VCC = 4.75 V. IOL = 360 ~ 0.4 

VT+ 
Clock positive-going 

threshold voltage 
2.7 3.1 3.5 V 

VT-
Clock negative~going 

1.5 1.B 2.1 V 
threshold voltage 

VT + - VT _ Clock input hysteresis 0.6 .1.3 2 V 

IIH High-level input current 0.005 1 ~A 

IlL Low-level input current -0.005 -1 ~A 

Vo = 0 -3 
IOZ Off-state output current 

Vo = 5 V 3 
~A 

IOHS Short-circuit output current I Output high Vo = 0, TA - 25°C -4.5 -6 rnA 

IOLS Short-circuit output current Output low Vo = 5 V, TA = 25°C 9 16 rnA 

ICC Supply current plus reference current 
REF/2 open, 

TA = 25°C 

CS at 5 V, 
1.9 2.5 rnA 

RREF/2 Input resistance to reference ladder See Note 6 1 1.3 kll 

Ci Input capacitance (control) 5 7.5 pF 

Co Output capacitance (DB) 5 7.5 pF 

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

2-32 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Supply-voltage-variation error 
VCC = 4.5 V to 5.5 V ±1/16 ± 1/B LSB 

(See Notes 2 and 7) 

Total unadjusted error 
VREF/2 = 2.5 V 

(See Notes 7 and B) 
±1 LSB 

DC common-mode error 
±1/16 

(See Note B) 
±1/B LSB 

ten Output enable time CL = 100 pF 135 200 ns 

tdis Output disable time CL = 10 pF, RL = 10 kll 125 200 ns 

td(lNTR) Delay 'time to reset iiIi'i'R 300 450 ns 

l Conversion cycle time (See Note 9) 
clock 

f clock = 100 kHz to 1.46 MHz 65% 72% 
teonv cycles 

I Conversion time 103 114 ~s 

CR Free-running conversion rate 
iiIi'i'R connected to WR, 

BB27 conv/s 
CS at 0 V 

t All typical values are at T A = 25°C. 
NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one· half of the VCC when 

REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs. 
Thus, the differential input voltage when REF/2 is open and V CC = 5 V is 0 to 5 V. VREF/2 for an input voltage range from 
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V. 

6. The resistance is calculated from. the current drawn from a 5-V supply applied to pins Band 9. 
7. These parameters are specified for the recommended analog input voltage range. 
S. All errors 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 completed, part of another clock period is required before a high-to-Iow 
transition of INTR completes the cycle. . 
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ADC08041. ADC0804C 
8·BIT ANALOG·TO·DlGITAL CONVERTER 

WITH DIFFERENTIAL INPUTS 

timing diagrams 
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ADC08041, ADC0804C 
8·BIT ANALOG·TO·DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 

2-34 

PRINCIPLES OF OPERATION 

The ADC0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced 
by successive approximation logic to match an analog differential input voltage (Vin + - 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 (lNTR) 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 CS 
and WR inputs are still low, the start flip-flop, the 8-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 

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

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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ADCOBOB, ADCOB09 
CMOS ANALOG-TO-DlGlTAL CONVERTERS 

WITH B-CHANNEL MULTIPLEXERS 
02642. JUNE 19S1-REVISED MAY 1988 

• Total Unadjusted Error ... ± 0.75 LSB Max 
for ADC0808 and ± 1 .25 LSB Max for 
ADC0809 

N 

DUAL·IN·LlNE PACKAGE 

ITOP VIEW) 

• Resolution of 8 Bits 

"~rnH ~}INPUTS 
• 100 j.IS Conversion Time 

• Ratiometrlc Conversion 

• Monotonicity Over the Entire AID 
Conversion Range 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single 5-V Supply 

• Low Power Consumption 

• Designed to be Interchangeable with 
National Semiconductor ADC0808, 
ADC0809 
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Vee 
REF+ 

GND 
2- 7 

6 
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ITOPVIEW) 

~}ADDRESS 
ALE 
2-1 (MSBI 
2-2 
2- 3 
2- 4 
2 -8 (lSBI 
REF-
2- 6 

4 3 2 1 28 27 26 

description 
INPUT 7 5 

START 6 
25 

24 

23 
The ADC0808 and ADC0809 are monolithic 
CMOS devices with an 8-channel multiplexer, an 
8-bit anaiog-to-digital (AID) converter, and 
microprocessor-compatible control logic. The 
8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder 
with address load to select anyone of eight 
single-ended analog switches connected directly 
to the comparator. The 8-bit AID converter uses 
the successive-approximation conversion 

10 

11 

12 13 14 15 16 17 18 

+O"COIiii'V 
u. 211 u.V)1 
~(,!JC'\IN~=N 

ex> 
I 
N 

22 

21 

20 

19 

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

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, 
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR 
and latched inputs to the multiplexer address decoder. The single 5-V supply and low power requirements 
make the ADC0808 and ADC0809 especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 

The ADC0808 and ADC0809 are characterized for operation from -40°C to 85°C. 

Copyright © 1983. Texas Instruments Incorporated 

en ... 
Q) 
Q) 

.s:: 
en 
ca ... ca 

C 

PRODUCTION DATA documants ••• tain infarmation 
currant II of pu~lication dota. Products conform II 
spacificotlona par tho tarms 0' Taxas Instrumanta 

=~~~.{.':.~l.i ~::I:~i; :.:o:::~:.:~~ not 
TEXAS • 

INSTRUMENTS 
2-35 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



C 
I» ... 
I» 
Cf) 
:::T 
CD 
CD ... 
en 

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

functional block diagram (positive logic) 
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operating sequence 

CLOCK 

START 
CONVERSION 

ADDRESS LOAD 
ENABLE 

ADDRESS 

ANALOG INPUT 

MULTIPLEX OUTPUT 
(INTERNAL) 

END OF 
CONVERSION 

OUTPUT 
ENABLE 

LATCH OUTPUTS 

SO% 
:. i .; tw(ALC) 

ADC0808, ADC0809 
CMOS ANALOG·TO·DIGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 

~ADDRESS STABLE 

SO~~S_O%_o+: ________________ ~:~j ______________________________ __ 
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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, Vee (see Note 1) ............................................ 6.5 V 
Input voltage range: control inputs ............................ . . . . . . . . .. - 0.3 to 15 V 

all other inputs ............................ -0.3 V to Vee + 0.3 V 
Operating free-air temperature range .................................. - 40°C to 85 °e 
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: N package ............ 260°C 

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

• recommended operating conditions 

MIN NOM MAX UNIT 

c 
Q) ... 
Q) 

(J) 
::r 
(I) 
(I) ... 
CIl 

Supply voltage, VCC 4.5 5 6 V 

Positive reference voltage, Vref+ (see Note 2) Vee Vee+ O.1 V 

Negative reference voltage, V ref _ 0 -0.1 V 

Differential reference voltage, Vref+ - Vref- 5 V 

High-level input voltage, VIH Vee-1.5 V 

Low-level input voltage, VIL 1.5 V 

Operating free-air temperature, T A -40 85 °C 

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

electrical characteristics over recommended operating free-air temperature range_ Vee - 4.75 V 
to 5.25 V (unless otherwise noted) 

total device 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 10 ~ -360 ~A Vee-O.4 V 

I Data outputs 10 ~ 1.6 mA 0.45 
V VOL Low-level output voltage I 

End of conversion 10 ~ 1.2 mA 0.45 

Off-state (high-impedance-statel Vo ~ Vee 3 
10Z 

output current Vo ~ 0 -3 
~A 

II Control input current at maximum input voltage VI ~ 15 V 1 ~A 

IlL Low-level control input current VI ~ 0 -1 ~A 

ICC Supply current f clock ~ 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 Din 1 2 to Din 16 1000 k!l 

analog multiplexer 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Ion Channel on-state current (see Note 31 
VI ~ VCC, fclock ~ 640 kHz 2 

VI ~ 0.1 V, fclock ~ 640 kHz -2 
I'A 

VCC ~ 5 V, VI ~ 5 V 10 200 
nA 

TA ~ 25°C VI ~ 0 -10 -200 
loff Channel off-state current 

VI - 5 V 1 
VCC ~ 5 V 

V ~ 0 -1 
~ 

tTypical values are at VCC ~ 5 V and T A ~ 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-DlGlTAL CONVERTERS 

WITH 8-CHANNEL MULTIPLEXERS 

timing requirements. Vee Vref+ 5 V. Vref- o V (unless otherwise noted) 

PARAMETER TEST CONOITIONS MIN TYP MAX UNIT 

fclock Clock frequency 10 640 1280 kHz 

teonv Conversion time See Note 4 90 100 116 ps 

twl s} Pulse duration, START 200 ns 

twlALE} Pulse duration, ALE 200 ns 

tsu Setup time, ADDRESS 50 ns 

th Hold time, ADDRESS 50 ns 

td Delay time, EOC See Notes 4 and 5 0 14.5 ~s 

operating characteristics. T A = 25 °e. Vee - Vref + 
otherwise noted) 

5 V. Vref- o V. fclock '"' 640 kHz (unless 

ADC0808 ADC0809 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

kSVS 
Supply voltage VCC = Vref+ ~ 4.75 V to 5.25 V, 

±0.05 ±0.05 %/V 
sensitivity TA ~ -40°C to 85°C, See Note 6 

Linearity error 

Isee Note 7) 
±0.25 ±0.5 LSB 

Zero error (see Note 8) ±0.25 ±0.25 LSB 

TA ~ 25°C ±0.25 ±0.5 ±0.5 
Total unadjusted 

TA ~ -40°C to 85°C ±0.75 ±1.25 LSB 
error I See Note 9) 

TA ~ ooC to 70°C ±1 

ten Output enable time CL ~ 50 pF, RL ~ 10 k!l 80 250 80 250 ns 

tdis Output disable time CL ~ 10 pF, RL ~ 10 k!l 105 250 105 250 ns 

tTypical values for all except supply voltage sensitivity are at Vee = 5 V, and a/l are at TA = 25°C. 
NOTES: 4. Refer to the operating sequence diagram. 

5. For clock frequencies other than 640 kHz, td(EOC} maximum is 8 clock periods plus 2 ps. 
6. Supply voltage sensitivity relates to the ability of an analog~to~digital converter to maintain accuracy as the supply voltage 

varies. The supply and Vref + are varied together and the change in accuracy is measured with respect to full-scale. 
7. Linearity error is the maximum deviation from a straight line through the end pOints of the AID transfer characteristic. 
S. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted output for full-scale input voltage. 
9. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 
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ADC0808. ADC0809 
CMOS ANALOG·TO·DIGITAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

PRINCIPLES OF OPERATION 

The ADC0808 and ADC0809 each consists of an analog signal multiplexer, an 8-bit successive­
approximation converter, and related control and output circuitry. 

multiplexer 

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

converter 

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

In the next phase of the conversion process, all ST and Sc 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 land reference DAC) to count and weigh the bits from MSB to LSB. 

1281 641 321 161 81 41 21 11 1 
NOOE~t~~{~~tt:~tt:~rt;~r~~t~;t~~i 

REF- REF- REF- REF- REF- REF- REF- REF- REF-

~i i f i f iii i 
FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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• Total Unadjusted Error ... ±O.75 LSB Max 

• Resolution of 8 Bits 

• 100 ,.s Conversion Time 

• Ratiometric Conversion 

• Monotonous Over the Entire AID Conversion 
Range 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single 5-Volt Supply 

• Low Power Consumption 

• Designed to be Interchangeable with 
National Semiconductor ADC0808CJ 

ADC0808M 
CMOS ANALOG·TO·DlGITAL CONVERTER 

WITH 8·CHANNEL MULTIPLEXER 
02642, 

J 
DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

,,~{ 
START 

EOe 
2- 5 
OEN 
elK 

Vee 
REF+ 

GND 
2- 7 

FK PACKAGE 

(TOP VIEW) 

~}INPUTS 
~}ADDRESS 
ALE 
2-1 (MSB) 
2-2 
2- 3 
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2 -8 (lSB) 
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2- 6 

description 

The ADC0808M is a monolithic CMOS device 
with an 8-channel multiplexer, an 8-bit analog­
to-digital (AID) converter, and microprocessor­
compatible control logic. The a-channel 
multiplexer can be controlled by a micro­
processor through a 3-bit address decoder with 
address load to select anyone of eight single­
ended analog switches connected directly to the 
comparator. The 8-bit AID 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, 

4 3 2 1 28 27 26 

5 25 

6 24 

23 

8 22 

9 21 

10 20 

11 19 

121314 15 16 17 18 

+01'0<.0 100<1-
u..ZI I u.cnl 
~(!)NN~~N 

co 
I 

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-ilolt supply and low 
power requirements make the ADC0808M especially useful for a wide variety of applications. Ratiometric 
conversion is made possible by access to the reference voltage input terminals. 

The ADC0808M is characterized for operation over the full military temperature range of - 55 DC to 125 DC. 

Copyright © 1986, Texas Instruments Incorporated 

en ... 
G) 
G) 
.c 
en 
«S ... 
«S o 

PRODUCTION DATA do.umants contain information 
current 8S of publication date. Products cDnfarm to 
spacifications par tha tarms of Ta •• s Instrumants 
standard wlrranty. Production ,rocessing dOli not 
nacenarily includa testing of all paramatars. 

TEXAS ." 
INSTRUMENlS 

2-41 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



c 
Q) 
r+ 
Q) 

en 
::r­
CD 
CD 
r+ 
(I) 

ADCOBOBM 
CMOS ANALOG·TO·DIGITAL CONVERTER 
WITH B·CHANNEL MULTIPLEXER 

functional block diagram (positive logic) 
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operating sequence 

CLOCK 

START 
CONVERSION 

ADDRESS LOAD 
ENABLE 

ADDRESS 

ANALOG INPUT 

MUL TIPLEX OUTPUT 
(INTERNAL) 

ENDOF 
CONVERSION 

OUTPUT 
ENABLE 

LATCH OUTPUTS 

r1/f l 

50% 

I i ~ 'wiALC) 

ADC0808M 
CMOS ANALOG·TO·DlGITAL CONVERTER 

WITH a·CHANNEL MULTIPLEXER 
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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, Vee (see Note 1) ............................................. 6.5 V 
Input voltage range: control inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 to 15 V 

all other inputs. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vee + 0.3 V 
Operating free-air temperature range ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°e 
Storage temperature range ......................................... - 65°C to 1 50°C 
ease 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. E recommended operating conditions 

MIN NOM MAX UNIT 

c 
Q) ... 
Q) 

C/) 
:r 
CD 
CD ... 
til 

Supply voltage, VCC 

Positive reference voltage, Vref+ (see Note 2) 

Negative reference voltage, Vref-

Differential reference voltage. Vref + - Vref-
High-level input voltage, VIH 

Low-level input voltage, V,l 

Start pulse duration, twlS) 

Address load control pulse duration, twIALC) 

Address setup time, tsu 

Address hold time, th 

Clock frequency, f clock 

Operating free-air temperature. T A 

NOTE 2: Care must be taken that this rating is observed even during power-up. 
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ADC0808M 
CMOS ANALOG·TO·DIGITAL CONVERTER 

WITH 8·CHANNEL MULTIPLEXER 

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

total device 

PARAMETER TEST CONOITIONS MIN Typt MAX UNIT 

VOH High-level output voltage 10 ~ -360 ~A VCC-O.4 V 

low-level output voltage 
I Data outputs 10 ~ 1.6 mA 0.45 

VOL I End of conversion 
V 

10 ~ 1.2 mA 0.45 

Off-state Ihigh-impedance-state) Vo ~ VCC 3 
10Z 

output current Vo ~ 0 -3 
~A 

II Control input current at maximum input voltage VI ~ 15 V 1 ~A 

IlL Low-level control input current VI ~ 0 -1 ~A 

ICC Supply current f clock ~ 640 kHz 0.3 3 mA 

Ci Input capacitance, control inputs TA ~ 25°C 10 pF 

Co Output capacitance, data outputs TA - 25°C 10 pF 

Resistance from pin 12 to pin 16 1000 kO 

analog multiplexer 

PARAMETER TEST CONOITIONS MIN Typt MAX UNIT 

VI ~ VCC. f clock ~ 640 kHz 2 
Ion Channel on-state current (see Note 3) 

VI ~ O. f clock ~ 640 kHz -2 
~A 

VCC ~ 5 V. VI ~ 5 V 10 200 
nA 

TA ~ 25°C VI ~ 0 -10 -200 
loff Channel off-state current 

VI ~ 5 V 1 
VCC ~ 5 V 

VI ~ 0 -1 
~A 

t Typical values are at VCC ~ 5 V and T A ~ 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. Vee Vref+ 5 V. Vref- o V. TA 25 De (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

fclock Clock frequency 10 640 1280 kHz 

teonv Conversion time See Notes 4 and 5 and Figure 1 90 100 116 ~s 

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 

twls) Pulse duration, START 200 ns 

twIALE) Pulse duration, ALE 200 ns 

tsu Setup time. ADDRESS 50 ns 

th Hold time. ADDRESS 50 ns 

tdIEOC) Delay time. EOC See Notes 4 and 6 and Figure 1 0 14.5 ~s 

NOTES: 4. Refer to the operating sequence diagram. 
5. For clock frequencies other than 640 kHz, teonv is 57 clock cycles minimum and 74 clock cycles maximum. 
6. For clock frequencies other than 640 kHz, tdtEOC) maximum is 8 clock cycles plus 2 pos. 
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ADCOBOBM 
CMOS ANALOG·TO·DIGITAL CONVERTER 
WITH B·CHANNEL MULTIPLEXER 

operating characteristics, T A = 25 DC, Vee = Vref + 
otherwise noted) 

5 V, Vref- = 0 V, fclock = 640 kHz (unless 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

kSVS Supply voltage sensitivity 
Vee = Vref+ = 4.5 V to 5.5 V, 

TA = -55°e to 125°e, See Note 7 
±0.05 %/V 

linearity error (see Note 8) ±0.25 LSB 

Zero error (see Note 9) ±0.25 LSB 

TA = 25°e ±0.25 ±0.5 
Total unadjusted error (see Note 10) LSB 

TA = -55°e to 125°e ±0.75 

tTypical values for all except supply voltage sensitivity are at Vee = 5 V, and all are at TA = 25°e. 
NOTES: 7. Supply· voltage sensitivity relates to the ability of an analog-ta-digital converter to maintain accuracy as the supply voltage 

varies. The supply and Vref+ 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 AID transf~r characteristic. 
9. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 11111111 and the converted output for full-scale input voltage. 
10. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error. 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

Vee 

5 k!l 

OUTPUT--~----------__ ----~'----' 

100 pF 11.7 k!l 

FIGURE 1. TEST CIRCUIT 

2-46 TEXAS ." 
INSTRUMENTS 

POST OFFice BOX 655012". DALLAS, TeXAS 15265 



ADC0808M 
CMOS ANALOG·TO·DIGITAL CONVERTER 

WITH 8·CHANNEL MULTIPLEXER 

PRINCIPLES OF OPERATION 

The ADC0808M 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 Sc 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 

,oo::t~;t~;'t~;r~;'t~~t~;'t~~t~i 
REF- REF- REF- REF- REF- REF- REF- REF- REF-

~i i f i f i i j i 
FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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• B-Bit Resolution 

• Easy Microprocessor Interface or Stand­
Alone Operation 

• Operates Ratiometrically or with 5-V 
Reference 

• Single Channel or Multiplexed Twin 
Channels with Single-Ended or Differential 
Input Options 

• Input Range 0 to 5 V with Single 5-V 
Supply 

• Inputs and Outputs are Compatible with 
TTL and MOS 

• Conversion Time of 32 p,s at 
ClK - 250 kHz 

• Designed to be Interchangeable with 
National Semiconductor ADCOB31 and 
ADCOB32 

TOTAL UNADJUSTED ERROR 
DEVICE 

I A·SUFFIX B·SUFFIX 

ADC0831 ± 1 LSB I ± Y2 LSB 

ADC0832 ± 1 LSB ± Y2 LSB 

description 

ADC0831A. ADC0832A. ADC0831B. ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 

02795. AUGUST 19B5-REVISED JUNE 19B6 

ADC0831 ... P DUAL·IN·LlNE PACKAGE 

(TOP VIEW) 

CSD8 VCC 
IN + 2 7 ClK 

IN - 3 6 DO 

GND 4 5 REF 

ADC0832 ... P DUAL·IN·LlNE PACKAGE 

(TOP VIEWI 

CS DB VCC/REF 
CHO 2 7 ClK 

CH1 3 6 DO 

GND 4 5 01 

These devices are 8-bit successive-approximation analog-to-digital converters. The ADC0831 A and 
ADC0831 B have single input channels; the ADC0832A and ADC0832B have multiplexed twin input 
channels. The serial output is configured to interface with standard shift registers or microprocessors. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 

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

The operation of the ADC0831 and ADC0832 devices is very similar to the more complex ADC0834 and 
ADC0838 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 
ADC0832 devices, refer to the ADC0834/ADC0838 data sheet. 

The ADC0831 AI, ADC0831 BI, ADC0832AI, and ADC0832BI are characterized for operation from - 40 ac 
to 85 ac. The ADC0831 AC, ADC0831 BC, ADC0832AC, and ADC0832BC are characterized for operation 
from ooC to 70°C. 

Copyright © 1985, Texas Instruments Incorporated 
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ADC0831A, ADC0832A, ADC0831B, ADC0832B 
AID PERIPHERALS WITH SERIAL CONTROL 

functional block diagram 

ClK~--.-------------~------------------r-~~~~ __ ... 
START 

FliP-FLOP 

cs >---------------~ 

i - - -rn-ii-t-t--------1 0 

: IADC0832 I 

L_':N:~_J 

CHOIIN· ------I 
CH1/1N 

REF-----I 

ANALOG 
MUX 

EN 

EN 

LADDER 
AND 

DECODER 

t---------------~~--_1----~ClK 

CS 

R ClK 

o 
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ADC0831A. ADC0832A.ADC0831B. ADC0832B 
AID PERIPHERALS WITH SERIAL CONTROL 

sequence of operation 

ADC0831 

2 4 8 9 10 

ClK 1JlJ1lUl 
'ou..l 1.-: : : 
II If ·eonv-------t!.1 : r-

es ::, I~ 
MUX ,I ItM-----MSB-FIRSTDATA------... ,' , 

SETTLING..., It-, I 

O~:~::~~ __ _LIM~S~B-LI~-L~-L---L---L---L~-L--~;~;l~S-B----~~I __ ~H~I-Z~_ 
4 3 2 0 

ADC0832 

1 2 3 4 5 6 10 11 12 13 14 ••• 18 19 20 21 

ClK --fUlJl-flJlJ1JUlJ1flMJ1JlIlJlJlJL 
_. '"--. I_ 'eonv tt II 

-?I ..... su II I 

es 1 : : If : .. : I 
I ,;; 

START +SIGN 
I , 

BITSGlODD II I I 

HI-Z r-
6 o 6 

ADC0832 MUX ADDRESS CONTROL LOGIC TABLE 

MUX ADDRESS CHANNEL NUMBER 

SGL/DIF ODD/EVEN 0 1 

L L + -

L H - + 
H L + 
H H + 

H = high level, L = low level, - or + = polarity of selected input pin 
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ADC0831A. ADC0832A. ADC0831B. ADC0832B 
AID PERIPHERALS WITH SERIAL CONTROL 

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

Supply voltage. Vee (see Note 1) .............................................. 6.5 V 
Input voltage range: Logic ........................................... -0.3 V to 15 V 

Analog ..................................... -0.3 V to Vee+0.3 V 
Input current ............................................................. ± 5 mA 
Total input current for package .............................................. ± 20 mA 
Operating free-air temperature range: I-suffix .............................. -40 De to 85 De 

e-suffix ............................... oDe to 70 De 
Storage temperature range .......................................... - 65 °e to 150 0 e 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds ....................... 260 °e 

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

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 6.3 V 

VIH High-level input voltage 2 V 

Vil Low-level input voltage 0.8 V 

fclock Clock frequency 10 400 kHz 

Clock duty cycle Isee Note 2) 40 60 % 

twHICS) Pulse duration, CS high 220 ns 

tsu Setup time. B low or ADC0832 data valid before clock! 350 ns 

th Hold time. ADC0832 data valid after clock! 90 ns 

I I·suffix -40 85 
TA Operating free-air temperature I C-suffix 0 70 

°c 

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 ~s. 

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

digital section 

PARAMETER TEST CONDITIONst 
I SUFFIX 

MIN TYP* MAX 

High·level output VCC = 4.75 V. 10H - -360 p.A 2.4 
VOH 

voltage VCC = 4.75 V. 10H = -10p.A 4.5 

Val 
low-level output 

voltage 
VCC = 4.75 V. 10l = 1.6 mA 0.4 

IIH 
High·level input 

VIH = 5 V 0.005 1 
current 

III 
low-level input 

Vil = 0 -0.005 -1 
current 

10H 
High-level output 

VOH = YO. 
(source) current 

TA = 25°C -6.5 -14 

10l 
Low·level output 

Val = VCC, 
(sink) current 

TA = 25°C 8 16 

High-impedance-
Va = 5 V. TA = 25°C 0.01 3 

10Z state output 

current 100) Va = 0, TA = 25°C -0.01 -3 

Ci Input capacitance 5 

Co Output capacitance 5 

t All parameters are measured under open-loop conditions with zero common·mode input voltage. * All typical values are at VCC = 5 V. TA = 25°C. 

C SUFFIX 
UNIT 

MIN TYP* MAX 

2.8 
V 

4.6 

0.34 V 

0.005 1 p.A 

-0.005 -1 p.A 

-6.5 -14 mA 

8 16 mA 

0.Q1 3 
p.A 

-0.01 -3 

5 pF 

5 pF 
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ADC0831A. ADC0832A. ADC08318. ADC08328 
A/D PERIPHERALS WITH SERIAL CONTROL 

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

analog and converter section 

PARAMETER TEST CONDITIONSt MIN TYP* 

-0.05 

VICR Common-mode input voltage range See Note 3 to 

VCC+ 0.05 

On-channel VI = 5 V at on-channel, 
Standby input 

Off-channel VI = 0 at off-channel 
IlIstdbyl current 

On-channel VI = 0 at on-channel, 
(see Note 41 

Off-channel VI = 5 V at off-channel 

rilREFI Input resistance to reference ladder 

total device 

TEST CONDITIONSt 

ICC Supply current 

t All parameters are measured under open-loop conditions with zero common-mode input voltage. 
*AII typical values are at VCC = 5 V, TA = 25°C. 

1.3 2.4 

MIN TYP* 

3 

MAX 

1 

-1 

-1 

1 

5.9 

MAX 

2.5 

5.2 

5 V, 

UNIT 

V 

pA 

k!l 

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 Vee. Care must 
be taken during testing at low VCC levels (4.5 VI because high-level analog input voltage (5 VI 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 variSitions of temperature and load. 

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

operating characteristics Vee = REF = 5 V, fclock 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS§ 

Supply-voltage variation error Vce ~ 4.75 V to 5.25 V 

Total unadjusted error Vref ~ 5 V. 

(see Note 51 TA - MIN to MAX 

Common-mode error Differential mode 

MSB-first 
Propagation delay time I 

data 
tpd output data after CLK~ CL ~ 100 pF 

LSB·first 
(see Note 61 

data 

CL - 10 pF. 

Output disable time, RL - 10 k!l 
tdis 

DO after CST CL = 100 pF, 

RL ~ 2 k(J 

Conversion time (multiplexer 

tconv addressing time not included) 

250 kHz, tr tf 20 ns, TA 

BI, BC SUFFIX AI. AC SUFFIX 
UN(T 

MIN TYP MAX MIN TYP MAX 

± 1116 ± 1/4 ±1/16 ± 1/4 LSB 

± 1/2 ± 1 LSB 

± 1/16 ± 1/4 ± 1116 ± 1/4 LSB 

650 1500 650 1500 

ns 

250 600 250 600 

125 250 125 250 

ns 

500 500 

clock 
8 8 

periods 

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

NOTES: 5. Total unadjusted error includes offset, full-scale, linearity. and mUltiplexer errors. 
6. The most significant-bit-first data is output directly from the comparator and therefore requires additional delay to allow for 

comparator response time. Least-significant-bit-first data applies only to ADC0832. 
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ADC0831A. ADC0832A. ADC0831B. ADC0832B 
AID PERIPHERALS WITH SERIAL CONTROL 

PARAMETER MEASUREMENT INFORMATION 

elK 
I 
I 

GND 

eLK 50% ~
vee 

: ----GND 

~tpd 

==Er ---vo DATA OUT H 

~ t+- tsu -.t 14- tsu 

~ -:x-:-----t-:------ vee 

es 0.4 V I I I 
I I I I GND 

DATA IN 
(01) 

I I4-M--- th I ~ 
I I --"'\ I 

2 V \ I 

(DO) 50% ____ oJ VOL 

,_---Vee 
FIGURE 2. DATA OUTPUT TIMING 

FIGURE 1. ADC0832 DATA INPUT TIMING 

Vee 

POINT 
FROM 

OUTPUT 
UNDER 
TEST 

TEST S1jl 

I ~ ~~ 
eL S2,-= r (See Note A) ~ 

-+I 14- t, 
I I 

~j"..,,9""0%"""-- Vee 
CS 50% 

__ .....;I 1E~ ____ GNO 

I If--tt-'d is 

~
----VOH 

DO AND S10pen 90% 

SARS OUTPUT 3!"c~~ _ _ _ _ GND 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

LOAD CIRCUIT 

~ !-""tr 
_~I 90% Vee es 50%1 

10..'! ____ GNO 

I+-M-tdiS 
I -Vee 

DO AND S1 closed I 
SARSOUTPUT S20pen _~ __ GND 

VOLTAGE WAVEFORMS 

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADC0831A. ADC0832A. ADC0831~ ADC0832B 
AID PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 

UNADJUSTED OFFSET ERROR LINEARITY ERROR 

16 

vs 
REFERENCE VOLTAGE 

III 
VI( +) = VI( -) = 0 V 

14 

12 
In 
II) 
...J 10 
I 
~ e 8 u:; 
4i 6 J!? a 

4 

2 

o 
0.01 

0.5 

0.45 

"" 0.4 

0.35 

0.3 

0.25 

1\ 
\ 

I'\.. 

T--.. 

0.1 

Vref- Reference Voltage - V 

FIGURE 4 

LINEARITY ERROR 
vs 

FREE-AIR TEMPERATURE 

1 I 

Vref = 5 V 
fclock = 250 kHz 

'" '" ~ 
~ 

'" "- I'-

10 

-50 -25 0 25 50 75 100 

TA-Free-Air Temperature- °C 

FIGURE 6 

vs 
REFERENCE VOLTAGE 

1.5 
'-

, 
Vee = 5 V 

1.25 
f clock = 250 kH z 

~TA=25°e 

III 
~ 1.0 
I 
e w 0.75 
~ .;:: .. 
.~ 0.5 .... 

0.25 

o 

3 

2.5 

In 
II) 

2 ...J 

I 
£! 

u:; 1.5 

e: 
.~ 
II) 
<: 
::; 

o 2 3 4 5 
Vref-Reference Voltage-V 

FIGURE 5 

LINEARITY ERROR 
vs 

CLOCK FREQUENCY 

Vref = 5 V 

/ VCC = 5 V 

/ 
/ 

J 
25°C 

0.5 ~ -40 oe 
85ty bJ 

./ 

o 
o 100 200 300 400 500 600 

fclock-Clock Frequency-kHz 
FIGURE 7 
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ADC0831A. ADC0832A. ADC0831B. ADC0832B 
A/D PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 

ADC0831 
SUPPLY CURRENT 

vs 
FREE-AIR TEMPERATURE 

1.5 r--,---,----r--,-----,---, 
fclock = 250 kHz 
es high 

0.5~-~-~-~--~-~-~ 

-50 -25 0 25 50 75 100 

« 
E 

1.5 

I 1.0 
E 

ADC0831 
SUPPLY CURRENT 

vs 
CLOCK FREQUENCY 

Vcc = 5 V 
TA=25°C 

~ 
" u V--

~~ 

> 
8: 
" '1 0.5 

~ 

o 
o 100 200 300 400 

T A - Free-Air Temperature - °e 

FIGURE 8 

fclock-Clock Frequency-kHz 
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FIGURE 9 

OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
25,--,---,--,--,----,--, 

Vee = 5 V 

~ 10 1---+----t-IO-H-(V-+O-H-=-t-2-.4-V-+) ---I 

I 
9 
5~~=-~~~t=~_I 

IOl (VOL = 0.4 V) 

OL-__ L-__ ~ __ -L __ -L __ ~ __ ~ 

- 50 -25 0 25 50 75 100 

T A - Free-Air Temperature - °C 

FIGURE 10 
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• 8-Bit Resolution 

• Easy Microprocessor Interface or Stand­
Alone Operation 

• Operates Ratiometrically or with 5-V 
Reference 

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

• Shunt Regulator Allows Operation with 
High-Voltage Supplies 

• Input Range 0 to 5 V with Single 5-V 
Supply 

• Remote Operation with Serial Data Link 

• Inputs and Outputs are Compatible with 
TTL and MOS 

• Conversion Time of 32 ,..s at 
fclock = 250 kHz 

• Designed to be Interchangeable with 
National Semiconductor ADC0834 and 
ADC0838 

DEVICE 
TOTAL UNADJUSTED ERROR 

A SUFFIX L B SUFFIX 
ADC0834 ± 1 LSB I ± 1/2 LSB 
ADC0838 ± 1 LSB ± 1/2 LSB 

description 

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

The ADC0834 (4-channel) and ADC0838 
(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. 

ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

02795, AUGUST 1985-REVISED OCTOBER 1986 

ADC0834 .•• N PACKAGE 

(TOP VIEW) 

V+ VCC 
CS 01 

CHO ClK 
CHl SARS 
CH2 00 
CH3 REF 

OGTl GNO ANlG GNO -... __ ...r-

ADC0838 .•• N PACKAGE 

(TOP VIEW) 

CHO VCC 
CHl V+ 
CH2 CS 
CH3 01 

CH4 ClK 

CH5 SARS 

CH6 00 

CH7 SE 
COM REF 

OGTl GNO ANlG GNO 

ADC0838 ••• FN PACKAGE 

(TOP VIEW) 

N..- 0 U 
:r::r::r: u + 
uuu» 
3 2 1 2019 

18 

5 17 

6 16 

15 

8 14 

The ADC0834AI, ADC0834BI, ADC0838AI, and ADC0838BI are characterized for operation from - 40°C 
to 85 DC. The ADC0834AC, ADC0834BC, ADC0838AC, and ADC0838BC are characterized for operation 
from OOC to 70°C. 

Copyright @ 1985. Texas Instruments Incorporated 
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START 
FLIP-FLOP 
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) ~CLK es ,I cI 
01 

ISee Note AI 
5-81T SHIFT REGISTER 

CLK 
SELECT 0 SELECT 1 ODD/EVEN SGL/i5iF 
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I A~~~38 SE I q 
L ____ J 

eH3 

{j CH. 

ADC0838 CH4 

ADe,,34 . ~::~ 
ANALOG MUX 

CHO 

eH. 

eH7 

COM 

REF -------------f 
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7V 
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7V 

EN 
LADDER 
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DECODER 

COMPARATOR 

cs 
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LOGIC 
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functional description 

ADC0834A, ADC0838A, ADC0834B, ADC0838B 
A/D PERIPHERALS WITH SERIAL CONTROL 

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

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

A particular input configuration is assigned during the multiplexer addressing sequence. The multiplexer 
address is shifted into the converter through the data input (DI) line. The multiplexer address selects the 
analog inputs to be enabled and determines whether the input is single-ended or differential. When the 
input is differential, the polarity of the channel input is assigned. Differential inputs are assigned to adjacent 
channel pairs. For example, channel 0 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 ADC0834 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 
CS goes high. all internal registers are cleared. At this time the output circuits go to the high-impedance 
state. If another conversion is desired, the CS line must make a high-to-Iow transition followed by address 
information. 

II 

TEXAS ." 
INSTRUMENTS 

2-59 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



• C 
D) 
r+ 
D) 

en 
::r 
CD 
CD 
r+ 
en 

ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

functional description (continued) 

The 01 and DO pins can be tied together and controlled by a bidirectional processor 1/0 bit received on 
a single wire. This is possible because the 01 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 

AOC0834 

2 3 4 5 6 7 10 11 12 13 14 15 18 19 20 21 

ClK 

I 
1 

~ j4-'su ,. 
II 1 

-l' , 
cs .1 , , , 

JlJU1fUlJlMrtJU1-
toonv .1 , 

, 
I :f I If I 

-.j I.---'su I I 
+SIGN SELECT 

ISTART BIT CHBIT 

, 
1 

1 I 
01 

I 

H I 
HI·Z I I SARSl 

f5 
1 1 

f..-----,....--II 
, 1 .1. lSB·FIRST DATA-----...I ~MSB·FIRST DATA 

MAX SETTLlNG---.I 
10-1 

, 
TIME 

HI·Z 
DO 

1 

I MSB I C I I I lSB I 
7 6 2 0 2 

I 

C I I MSB I 
6 7 

HI·Z 

~-,,--Jl-::-...I..--JI 

ADC0834 MUX ADDRESS CONTROL lOGIC TABLE 

MUX ADDRESS CHANNEL NUMBER 

SGL/DIF ODD/EVEN SELECT BIT 1 0 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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ADCD834A, ADCD838A, ADCD8348, ADCD8388 
AID PERIPHERALS WITH SERIAL CONTROL 

sequence of operation 

ADC0838 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

ADC0838 MUX ADDRESS CONTROL LOGIC TA8LE 

MUX ADDRESS SELECTED CHANNEL NUM8ER 

SGL/DIF ODD/EVEN 
SELECT 0 1 2 

1 0 0 1 2 3 4 5 
L L L L + -

L L L H + -

L L H L + -
L L H H 

L H L L - + 
L H L H - + 
L H H L + -
L H H H 

H L L L + 
H L L H + 
H L H L + 
H L H H 

H H L L + 
H H L H + 
H H H L + 
H H H H 

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

3 COM 

6 7 

+ -

- + 
-

-

-

+ -
-
-

-

+ -

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

Supply voltage, VCC (see Notes 1 and 2) ....................................... , 6.5 V 
Input voltage range: Logic........................................... -0,3 V.to 15 V 

Analog .................................... -0.3 V to VCC+0.3 V 
Input current: V + input ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 5 mA 

Any other input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Total input current for package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
Operating free-air temperature range: AI and 81 suffixes .................... - 40°C to 85 °C 

AC and BC suffixes. . . . . . . . . . . . . . . . . . . . .. ooC to 70 0 C 
Storage temperature range ......................................... - 65°C to 1 50°C 
Case temperature for 10 seconds: FN package ......... '. . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package. . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Internal zener diodes are connected from the 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 Vce through 
a regular diode. When the voltage regulator powers the converter, this zener and reguler diode combination ensures that the 
Vee input /6.4 V) Is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input. 

2-62 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 6.3 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

fclock Clock frequency 10 400 kHz 

Clock duty cycle Isee Note 3) 40 60 % 

twHICS) Pulse duration, CS high 220 ns 

tsu Setup time, CS low, SE low, or data valid before clock f 350 ns 

th Hold time. data valid after clockt 90 ns 

I AI and Bl suffixes -40 85 
TA Operating free-air temperature °c I AC and BC suffixes a 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 lowl is 1 115. 

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

digital section 
.. 

TEST CONDITIONSt 
AI. BI SUFFIX AC. BC SUFFIX 

PARAMETER 
MIN Typt MAX MIN Typt MAX 

Vec ~ 4.75 V. IOH ~ - 360 ~A 2.4 2.8 
VOH High-level output voltage 

Vec ~ 4.75 V. IOH ~ -10 ~A 4.5 4.6 

VOL Low-level output voltage Vec - 5.25 V. IOL - 1.6 rnA 0.4 0.34 

IIH High-level input current VIH - 5 V 0.005 1 0.005 1 

IlL Low-level input current VIL ~ a -0.005 -1 -0.005 -1 

IOH High-level output (source) current VOH ~ O. TA ~ 25'C -6.5 -14 -6.5 -14 

IOL Low-level output (sink) current VOL ~ VCC. TA ~ 25°C 8 16 8 16 

High-impedance-state output Va ~ 5 V. TA ~ 25'C 0.01 3 0.01 3 
IOZ 

current IDO or SARS) Va ~ O. TA 25°C -0.01 -3 -0.01 -3 ~ 

Ci Input capacitance 5 5 

Co Output capacitance 5 5 

t All parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified). 
tAli typical values are at VCC ~ V+ ~ 5 V. TA ~ 25'e. 

UNIT 

V 

V 

~A 

~A 

rnA 

rnA 

~A 

pF 

pF 

en ... 
Q) 
Q) 
.c 
en 
ca ... ca 
C 
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ADC0834A, ADC0838A, ADC0834B, ADC08388 
AID PERIPHERALS WITH SERIAL CONTROL 

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

analog and converter section 

PARAMETER TEST CONDITIONSt MIN 

-0.05 

VICR Common-mode input voltage range See Note 4 to 

Vee+ 0.05 
On-channel VI - 5 V at on-channel, 

Standby input current Off-channel VI = 0 at off-channel 
Il(stdby) 

Isee Note 5) On-channel VI - 0 at on-channel, 

Off-channel VI = 5 V at off-channel 

rilref) Input resistance to reference ladder 

total device 

PARAMETER TEST CONDITIONSt 

Vz Internal zener diode breakdown voltage 
II = 15 mA at V+ pin, 

See Note 2 

ICC Supply current 

tAli parameters are measured under open-loop conditions with zero common-mode input voltage. 
*AII typical values are at VCC = 5 V, V+ = 5 V, TA = 25·e. 

1.3 

MIN 

6.3 

TYP* 

2.4 

TYP* 

7 

1 

MAX UNIT 

V 

1 
-1 

-1 
p.A 

1 
5.9 kll 

MAX UNIT 

8.5 V 

2.5 mA 

NOTES: 2. Internal zener diodes are connected from the Vee 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 
Vee 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 Vec. Care must be taken 
during testing at low VCC levels (4.5 V) because high-level analog input voltage 15 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 0 V to 5 
V input voltage range requires a minimum VCC of 4.950 V for all variations of temperature and load. 

5. Standby input currents are currents going into or out of the on or off channels when the AlD converter is not performing conversion 
and the clock is in a high or low steady-state condition. 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

operating characteristics V + 
otherwise noted) 

Vee 5 V. fclock 250 kHz. tr -= tf - 20 ns. T A = 25°e (unless 

PARAMETER TEST CONDITIONSt 
BI. BC SUFFIX AI. AC SUFFIX 

UNIT 
MIN TYP MAX MIN TYP MAX 

SupplYMvoltage variation efror VCC = 4.75 V to 5.25 V ± 1/16 ±1/4 ± 1116 ± 114 LSB 

Total unadjusted error (see Note 6) 
Vref = 5 V. 
TA = MIN to MAX 

±1/2 ±1 LSB 

Common-mode error Differential mode ± 1/16 ±1/4 ±1/16 ± 114 LSB 

Change in zero-error from 
II = 15 mA at V + pin. 

Vee = 5 V to internal zener 1 1 LSB 

diode operation Isee Note 2) 
Vref = 5 V. VCC open 

Propagation delay time'l MSB.first data 650 1500 650 1500 
tpd output data after CLK) I . CL = 100 pF ns 

Isee Note 7) LSB·flrst data 250 600 250 600 

Output disable time, CL = 10 pF, RL = 10 kO 125 250 125 250 
tdis 00 or SARS after CSt CL = 100 pF. RL = 2 kO 500 500 

ns 

t Conversion time (multiplexer 

conv addressing time not included) 
8 8 

clock 

periods 

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

NOTES: 2. Internal zener diodes are connected from the Vee 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 Vee through 
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the 
Vee input (6.4 VI 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 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

PARAMETER MEASUREMENT INFORMATION 

ClK 

I GNO 

~Ipd tpd--+\ !of--

DATA ~- -- - - - ---- -1""lI=vcc 

OUT (DO) ]'\50% I ,-.50% ___ J I\'-GND 
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\".----GND 

FIGURE 2. DATA OUTPUT TIMING 
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UNDER 
TEST 

1 ~ ~ 
Cl 

llsee NOle A) 

lOAD CIRCUIT 

1 ~Ir 
,Lfr-::9"'0%~. --- Vcc 
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I 
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DO AND S1 open 90%~ VOH 

SARS OUTPUT _S~ c~s~ _ _ _ _ GND 

~ ~tr 

_~I 90% VCC 
CS 50%1 
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~tdiS 
I -Vcc 
I 

SARS OUTPUT ..,;;S2;..o;;;p.;.;e";..' _~.r.:_1.!!'Ao __ GND 
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VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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ADC0834A, ADC0838A, ADC0834B, ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 
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ADC0834A. ADC0838A. ADC0834B. ADC0838B 
AID PERIPHERALS WITH SERIAL CONTROL 

TYPICAL CHARACTERISTICS 
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• Advanced LinCMOS" Technology 

• Zero Reading for O·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 
UARTs or Microprocessors 

• Autoranging Capability with Over- and 
Under-Range Signals 

• TTL-Compatible Outputs 

• Direct Replacement for Teledyne TSC7135, 
IntersillCL7135, Maxim ICL7135, and 
Siliconix Si7135 

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 01 through 04 and 
multiplexed binary-coded-decimal outputs, B 1 
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 /LV and zero drift is less than 0.5 /LV/oC. 
Source-impedance errors are minimized by low 
input current (less than 1 0 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 

SYMBOLIZATION OPERATING 
PACKAGE TEMPERATURE 

DEVICE 
SUFFIX RANGE 

ICl7135C FN, N O·C to 7D·C 

TLC7135C FN, N D·C to 7D·C 

t In many instances, these ICs may have 
ICl7135C and TlC7135C symbolization on the 
package. 

The control signals also can support remote data acquisition systems with data transfer via universal 
asynchronous receiver transmitters (UARTs). 

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

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

Advanced UnCMOS'" is a trademark of Texas Instruments Incorporated. 

Copyright © 1986, Texas Instruments Incorporated 
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functional block diagram 

FROM ANALOG 
SECTION 

CLK 1221 
__ 1251 

RUN/HOLD '-'-------1 CONTROL 

OVER-RANGE 1271 LOGIC 

UNOER_RANGE.;.;12:.:S-=-1 --+----1 
STROBE.;.;12:.:6-=-1 __ + ___ ~ 

BUSy.;.;12~1~1 __ + ___ -I 
DGTLGND.;.;12~4-=-1------~ 

COUNTERS 

LATCH 

LATCH 

LATCH 

LATCH 

ANALOG SECTION 

r­
I 
I 
I A/Z 

REF~ 
I 

eref 

Cref+ __ C!!!,_ (7) 

1201 01 ILSD} 
1191 02 DIGIT 

11 SI 03 DRIVE 

1171 04 OUTPUT 

1121D51MSDI 

MULTIPLEXER 

1131 S1 ILSBI} 
1141 BINARY 

B2 CODED 
1151 B4 DECIMAL 

1161 BS IMSBI OUTPUT 

------, 

I 
TO 
DIGITAL 

INT SECTION 

IN+~_'--+----'----+-.... ---<:r o-i-t::::!:====:t------' 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (Vee + with respect to Vee -) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Analog input voltage (pin 9 or pin 10) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee - to Vee + 
Reference voltage range .......................................... " Vee - to Vee + 
elock input voltage range ............................................. 0 V to Vee + 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 De to 70 De 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . . . . . . . . . . .. 260 DC 
ease temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 DC 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vcc + 4 5 6 V 

Supply voltage, VCC- -3 -5 -8 V 

Reference voltage, V ref 1 V 

High-level input voltage, ClK, RUN/HOLD, VIH 2.8 V 

low-level input voltage, ClK, RUN/HOlO, Vil 0.8 V 

Differential input voltage, VID Vee- +1 Vee + -0.5 V 

Maximum operating frequency, fclock (see Note 11 1.2 2 MHz 

Operating free·air temperature range, T A 0 70 °C 

NOTE 1: Clock frequency range extends down to 0 Hz. 

electrical characteristics, Vee + = 5 V, Vee- = - 5 V, Vref .., 1 V, fclock = 120 kHz, TA = 25°e 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

High-level I 01-05,Bl,B2,B4,B8 10 - -1 mA 2.4 5 
VOH 

output voltage I Other outputs 
V 

10 = -10"A 4.9 5 

VOL Low-level output voltage 10 = 1.6 mA 0.4 V 

Peak-ta-peak output noise voltage 
VID = 0, 

(see Note 21 
Full Scale = 2 V 15 pV 

Zero-reading temperature coefficient 
VID = 0, OoC s TA s 70°C 0.5 2 pV/oC avo 

of output voltage 

IIH High-level input current VI = 5 V, OoC s TA s 70°C 0.1 10 pA 

III Low-level input current VI = OV, ooe s TA s 70 0 e -0.02 -0.1 mA 

TA = 25°e 1 10 
II Input leakage current. pins 9 and 10 VIO = 0 

ooe < TA S 70 0 e 250 
pA 

TA = 25°C 1 2 
lec+ Positive supply current fclock = a mA 

Ooc S TA S 70 0 e 3 

TA = 25°e -0.8 -2 
lee- Negative supply current fclock = 0 mA 

ooe S TA S 70 0 e -3 

eod 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 VCC+ = 5 V 

lee + = lec + (fclock = 01 + epd x 5 V x 'clock 

(/) ... 
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Q) 
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operating characteristics. VCC+ = 5 V. VCC­
T A = 25°C (unless otherwise noted) 

- 5 V. Vref - 1 V. fclock 120 kHz. 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Full-scale temperature coefficient 
VID = 2 V, 0'C"TA,,70'C 5 "FS Isee Note 41 

Linearity error -2 V" VID " 2 V 0.5 1 

Differential linearity efror (see Note 5) - 2 V " VID " 2 V 0.01 

± Full-scale symmetry efror (see Note 6) 
VID = 

(rollover error) 
±2 V 0.5 1 

Display reading with O-V input VID = 0, aoc === TA :s: 70 0 e -0.0000 ±O.OOOO +0.0000 

VID = Vre!, TA = 25'C +0.9998 +0.9999 +1.0000 
Display reading in ratlometric operation 

DOC :s TA ::s: 70 0 e +0.9995 +0.9999 + 1.0005 

UNIT 

ppm/'C 

count 

LSB 

count 

Digital 

Reading 

Digital 

Reading 

NOTES: 4. This parameter is measured with an external reference having a temperature coefficient of less than 0.01 ppm/oe. 

2·72 

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 Vand - 2 V, 
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timing diagrams 

~ ENO OF CONVERSION 
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BUSyt ~,~, ____________________________________ __ 

Bl-B8 05 04 03 02 01 05 

STROBEt 

05 -.J I I L 
~1. __ ~~t~2~01'--------------;2~OOo~"~ __ ~~ 

COUNTS COUNTS 

W I I r 
--~2Ocool1~~--~.I~----------------~ 

COUNTS ~ ____ ., 

I 03 

200 ~141----~.1 
COUNTS ...-____ -. 

02 
-----------------C:;~~Io~T-S~I4~---;·;I--------------

01 __________________ ~~~--~1 

200 ~"I----... I 
COUNTS 

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

FIGURE 1 

OIGIT SCAN" ,., ,., 05 
FOR OVER-RANGE I L----....J ~ L-..-

~04 

~03 

~02 

~01 
1000 /4 .1 
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FIGURE 2 
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timing diagrams (continued) 

INTEGRATOR 
OUTPUT 

BUSY 

AUTO- I SIGNAL I DE-INTEGRATE 
ZERO INT. 

10,001 10,000 20,001 
COUNTS COUNTS COUNTS MAX. 

14--- FULL MEASUREMENT CYCLE-------+I 
40,002 COUNTS 

OVER-RANGE ~ 
WHEN APPLICABLE 

UNDER-RANGE ~ 
WHEN APPI.ICABLE .~LU.I~LU.lL-_________ ~ 

FIGURE 3 

STROBE I I I I I 

r-AUTO ZERO 

DIGIT SCAN n t 

SIGNAL INTEGRATE+!f-DE-INTEGRATEt 

n FOR OVER-RANGE I.;D..;;5 _______ -4IJ.J ____ -! 

n In_D4 __________ ~:~I--__ --~ 

n ~_D3 __________ ~:.~f----__ ~~ 

n'-D2 ________ ~I~!--____ ~ __ ~ 
~L J!r n 

tFirst 05 of AUTO ZERO and DE-INTEGRATE is one count longer. 
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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 p.V. 

2. 

3. 

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. 

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 (VID/Vref). 
The maximum or full-scale conversion occurs when VID is two times Vref. 

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 common 

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. 

I 
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description of digital circuits 

RUN/HOLD input 

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. 

STROBE input 

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 Dl-D5 going high, the STROBE pin goes low 
for 1/2 clock pulse width. The placement of the STROBE pulse 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 Dl 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 

2-76 

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. 
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PRINCIPLES OF OPERATION 

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 (05, 04, 02 and 01) outputs 

Each digit-drive output (Dl 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 (88, B4, B2 and Bl) 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 (RINT) is determined by the full scale input voltage and the output 
current of the integrating amplifier. The integrating amplifier can supply 20 /LA of current with negligible 
non-linearity. The equation for determining the value of this resistor is as follows: 

RINT = 
FULL-SCALE VOLTAGE 

liNT 

Integrating amplifier current, liNT, from 5 to 40 /LA will yield good results. However, the nominal and 
recommended current is 20 /LA. 

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 /LF. The equation for determining the value of the integrating 
capacitor (CINT) is as follows: 

10,000 x CLOCK PERIOD x liNT 
CINT = INTEGRATOR OUTPUT VOLTAGE SWING 

where: liNT is nominally 20 /LA. 

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. 
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PRINCIPLES OF OPERATION 

auto-zero and reference capacitor 

large capacitors will tend to reduce noise i'n the system, Dielectric absorption is unimportant except during 
power-up or overload recovery, Typical values are 1 /LF, 

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 kll. 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 AID 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 /LS delay. Therefore, 
with a 160-kHz clock frequency (6 /LS period), half of the first reference integrate clock period is lost in 
delay, Hence, the meter reading will change from 0 to 1 with a 50-/LV input, 1 to 2 with a 150-/LV input, 
2 to 3 with a 250-/LV 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 should be 1011 to 5011, 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 lire not influenced by leakage error, 

rejection of 50 Hz or 60 Hz pickup 

2-78 

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. 
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PRINCIPLES OF OPERATION 

zero-crossing flip-flop 

noise 

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. 

The peak-to-peak noise around zero is approximately 15 ",V (peak-to-peak value not exceeded 95% of 
the time). Near full scale, this value increases to approximately 30 ",V. 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-Voperation 
is possible if the input signal does not vary more than ± 1.5 V from mid-supply: 
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noaoa, noao9 
LOW·POWER CMOS ANALOG·TO·DIGITAL CONVERTERS 

WITH a·CHANNEL MULTIPLEXERS 

• Total Unadjusted Error ... ± 0.75 LSB Max 
for TL0808 and ± 1.25 LSB Max for 
TL0809 Over Temperature Range 

• Ideal for Battery Operated, Portable 

02642, FEBRUARY 1986-REVISED MAY 1988 

N DUAL-IN-LiNE PACKAGE 

(TOP VIEW) 

Instrumentation Applications 

• Resolution of 8 Bits 

{ ! O~}INPUTS 
INPUTS ~7 

~C}ADDRESS 
START 

• 100 p's Conversion Time 

• Ratiometric Conversion 

• Monotonic Over the Entire AID Conversion 
Range 

• No Missing Codes 

• Easy Interface with Microprocessors 

• Latched 3-State Outputs 

• Latched Address Inputs 

• Single 2.75-V to 5.5-V Supply 

• Extremely Low Power 
Consumption ... 0.3 mW Typ 

• Improved Direct Replacements for 
ADC0808,ADC0809 

description 

The TL0808 and TLOS09 are monolithic CMOS 
devices with an S-channel multiplexer, an S-bit 
analog-to-digital (AID) converter, and 
microprocessor-compatible control logic. The 
8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder 
with address load to select anyone of eight 
single-ended analog switches connected directly 
to the comparator. The 8-bit AID converter uses 
the successive-approximation conversion 
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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 1/0 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 TLOS08 and TLOS09 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 TLOSOS and TLOS09 are characterized for operation from -40°C to S5°C. 

PRODUCTION OATA document, contain information 
current as of publication data. Products conform to 
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nOBOB, nOB09 
LOW-POWER CMOS ANALOG-TO-DiGITAL CONVERTERS 
WITH B-CHANNEL MULTIPLEXERS 

functional block diagram (positive logic) 

REF+ ,,(1::::21;--___ --1 
REF_:.:ll:.::6:...1 ___ -I 

SAMPLE-AND-HOLD 

BINARY-WEIGHTED 
CAPACITORS 

SWITCH 
MATRIX 

0 1261 ,..----,(171 2-8 (LSBI 

1 (271 

2(281 

3 It) 
ANALOG 

ANALOG MULTI-
INPUTS 4 (2) PLEXER 

5 (31 

6 (41 

7 (51 

TIMING 
AND 

(141 2-7 
(151 2_6 

OUTPUT (81 2-5 DIGITAL 
LATCHES (181 2--4 OUTPUTS 

(191 2- 3 

(2~ 2-2 

EN (211 2-1 IMSB) 

~ ____________ -+ ____ ~(~71 END OF 

L--r--~ CONVERSION (EOCI 

CLOCK:.:(1:.::0:...1_-+ __ ~ 

START CONVERSION ISTARTl.:("'61'----+-------------' 

OUTPUT ENABLE IOEI..;("'-91'--__ +-____________________________ --' 

(251 
ADDRESS A (241 

-:~~::~ ~ (231 
ADDRESS LOAD (221 

ENABLE (ALEI 

ADDRESS 
DECODER 

MULTIPLEXER FUNCTION TABLE 

INPUTS SELECTED 

ADDRESS ADDRESS ANALOG 

C B A STROBE CHANNEL 

L L L t 0 

L L H t 1 
L H L t 2 

L H H t 3 

H L L t 4 

H L H t 5 
H H L t 6 

H H H t 7 

H = high level, L = low level 
T ::::: low-to-high transition 
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operating sequence 

CLOCK 

START 
CONVERSION 

ADDRESS LOAD 
ENABLE 

ADDRESS 

ANALOG INPUT 

MULTIPLEX OUTPUT 
(INTERNAL) 

ENDOF 
CONVERSION 

OUTPUT 
ENABLE 

LATCH OUTPUTS 

nOBOB, n0809 
LOW·POWER CMOS ANALOG·TO·DIGITAL CONVERTERS 

WITH 8·CHANNEL MULTIPLEXERS 

SO% 

, i " '",(ALC) t-+-- ADDRESS STABLE 

SO~SO%: :: 

tsu~th : 

") I i ANALOG VALUE :: 

fo I INPUT STABLE 

x'-______ _ 
'1 

I 
__ -+..J><q: ANALOG VALU~: K ..... ______ _ 

I 

1 \SO% [sO% 
l--'dIEOC) -;'------; .... --------'1 

I- teonv '1 

____________ ~~~r------5-0~%1. ~ 
-1 : 'en ~ t--'dis 

90%( ~ 
--------~H~I-~Z~ST~A~T=E~~~--------~1~0~%~~----~+'0% 
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I 

nOBOB, nOB09 
LOW·POWER CMOS ANALOG·TO·DlGITAL CONVERTERS 
WITH B·CHANNEL MULTIPLEXERS 

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

Supply voltage, Vee (see Note 1) ............................................ 6.5 V 
Input voltage range: control inputs ..................................... , - 0.3 to 15 V 

all other inputs ............................ -0.3 V to Vee + 0.3 V 
Operating free·air temperature range .................................. -40 oe to 85°e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
ease temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260 0 e 

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

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 2.75 5.5 V 

Positive reference voltage, Vref+ (see Notes 2, 3, and 4) 2.75 Vee Vee+ O.1 V 

Negative reference voltage, Vref- (see Notes 2, 3, and 4) -0.1 0 V 

Differential reference voltage, V ref + - V ref _ (see Note 4) 3 V 

High·level input voltage, control inputs, V,H 0.7 Vee V 

Low-level input voltage, control inputs, V,L 0.3 Vee V 

Operating free-air temperature, T A (see Note 4) -40 B5 °e 

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 Vref+ convert to all highs, and all voltages less than Vref- convert to all lows. 
4. For proper operation of the nOBOB and TLOB09 at free·air temperatures below oDe, Vee and (Vref + - Vref-) should not 

be less than 3 V. 

electrical characteristics over recommended operating free-air temperature range. Vee ~ 3 V to 5.25 V 
(unless otherwise noted) 

total device 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High·level output voltage 10 = -360 ~A Vee-0.6 V 

I Data outputs 10 = 1.6 mA 0.45 
VOL Low-level Olltput voltage I End of conversion 

V 
10 = 1.2 mA 0.45 

Off·state (high-impedance-state) Vo = Vee 1 
102 

output current Vo = 0 -1 
~A 

" 
Control input current at maximum input voltage V, = 15 V 1 ~A 

',L Low-level control input current V, = 0 -I ~A 

lee Supply current 
Vee = 3 V, f clock = 640 kHz 100 500 ~A 

Vee = 5 V, fciock = 640 kHz 0.3 3 mA 

ei Input capacitance, control inputs TA =·25°e 10 15 pF 

eo Output capacitance, data outputs TA = 25°e 10 15 pF 

Resistance from Din 12 to Din 16 I 1000 k!l 

tTypical values are at Vee = 3 V and T A = 25°e. 
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nDBDB. nDBD9 
LOW-POWER CMOS ANALOG-TO-DiGITAL CONVERTERS 

WITH B-CHANNEL MULTIPLEXERS 

analog multiplexer 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VI ~ 3 V, fclock ~ 640 kHz 2 
Ion Channel on-state current (see Note 5) 

VI ~ 0, fclock ~ 640 kHz -2 
~A 

Vee ~ 3 V, VI ~ 3 V 10 200 
nA 

TA ~ 25°e VI ~ 0 -10 -200 
loff Channel off-state current 

VI ~ 3 V 1 
Vee ~ 3 V 

VI ~ 0 -1 
~A 

tTypical values are at Vee ~ 3 V and T A ~ 25°e. 
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. 

timing requirements, T A 25°C, Vee Vref+ 3 V, Vref- = 0 (unless otherwise noted) 

MIN NOM MAX UNIT 

teonv Conversion time (see Note 6) 90 100 116 ~s 

Clock frequency 
I Vee ~ 2.75 V to 4 V 10 640 

fclock I Vee 
kHz 

~ 4 V to 5.5 V 10 1280 

tw(sl Start pulse duration 200 ns 

tw(ALel Address load control pulse duration 200 ns 

tsu Address setup time 50 ns 

th Address hold time 50 ns 

td(EOel Delay time, end of conversion output (see Notes 6 and 7) 0 14.5 ~s 

operating characteristics, T A 
otherwise noted) 

25°C,VCC Vref+ 3 V, Vref- 0, fclock = 640 kHz (unless 

PARAMETER TEST CONDITIONS 
TL0808 TL0809 

UNIT 
MIN Typt MAX MIN Typt MAX 

kSVS 
Supply voltage Vce ~ Vref+ ~ 3 V to 5.25 V, 

sensitivity TA ~ -40°C to 85°C, See Note 8 
±0.05 ±0.05 %/V 

Linearity error 

(see Note 91 
±0.5 ±1 LS8 

Zero error (see Note 10) ±0.5 ±0.5 LSB 

Total unadjusted fclock ~ I TA ~ 25°e ±0.25 ±0.5 ±0.5 ±1 

I TA ~ -40°C to 85°C 
LSB 

error (See Note 111 125 kHz ±0.75 ± 1.25 

ten Output enable time CL ~ 50 pF, RL ~ 10 k{J 80 250 80 250 ns 

tdis Output disable time CL ~ 10 pF, RL ~ 10 k{J 105 300 105 300 ns 

tTypical values for all except supply voltage sensitivity are at Vee = 3 V. 
NOTES: 6. Refer to the operating sequence diagram. 

7. For clock frequencies other than 640 kHz, td(EOCI maximum is 8 clock periods plus 2 ~s. 
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 Vref + 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 AID 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. 

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

(I) ... 
Q) 
Q) 

..c 
(/) 

CO ... 
CO 
C 
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TL0808, TL0809 
LOW·POWER CMOS ANALOG·TO·DlGITAL CONVERTERS 
WITH 8·CHANNEL MULTIPLEXERS 

PRINCIPLES OF OPERATION 

The TL0808 and TL0809 each consists of an analog signal multiplexer, an 8-bit successive-approximation 
converter, and related control and output circuitry. 

multiplexer 

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. 
Address load control loads the address code into the decoder on a low-to-high transition. The output latch 
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge 
of the start pulse aOnd 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 

2·86 

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 Sc 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 

12a1 641 321 161 a1 41 21 ,1 1 
NODE~tt:~tt:~tt:;;.tt:;;.tt:~tt!;;.tt!~r~J 

REF- REF- REF- REF- REF- REF- REF- REF- REF-

~i f iii i j i i 
FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE·APPROXIMATION SYSTEM 
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• Functionally Interchangeable with Siliconix 
OG182, OG185, OG188, OG191 with Same 
Terminal Assignments 

• Monolithic Construction 

• Adjustable Reference Voltage 

• JFET Inputs 

description 

The TL 182, TL 185, TL188, and TL 191 are 
monolithic high-speed analog switches using BI­
MaS technology. They comprise JFET-input 
buffers. level translators, and output JFET 
switches. The TL 182 switches are SPST; the 
TL 185 switches are SPOT. The TL 188 is a pair 
of complementary SPST switches as is each half 
of the TL191. 

A high level at a control input of the TL 182 turns 
the associated switch off. A high level at a 
control input of the TL 185 turns the associated 
switch on. For the TL188, a high level at the 
control input turns the associated switches S 1 
on and S2 off. 

The threshold of the input buffer is determined 
by the voltage applied to the reference input 
(V ref) . The input threshold is related to 
the reference input by the equation 
Vth = Vref + 1.4 V. Thus, for TTL compati­
bility, the Vref 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 Vth = Vref + 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 OOC to 70°C. 

TL1B2. TL1B5. TL18B. TL191 
BI·MOS SWITCHES 

D2234. JUNE 1976-REVISED SEPTEMBER 1986 

• Uniform On·State Resistance for Minimum 
Signal Distortion 

• ± 10-V Analog Voltage Range 

• TTL, MOS, and CMOS Logic Control 
Compatibility 

TL182 
N PACKAGE 

(TOP VIEW) 

15 25 
1D 2D 
NC NC 
NC NC 
1A 2A 

VCC VEE 
VLL Vre! 

TL185 
N PACKAGE 

(TOP VIEW) 

1D1 151 
NC 1A 

1D2 VEE 
152 Vre! 
251 VLL 
2D1 Vec 

NC 2A 
2D2 252 

TL188 
N PACKAGE 

(TOP VIEW) 

NC NC 
NC NC 
D1 D2 
51 52 

A NC 
VCC VEE 
VLL Vre! 

TL191 
N PACKAGE 

(TOP VIEW) 

1D1 151 
NC 1A 

1D2 VEE 
152 Vre! 
252 VLL 
2D2 VCC 

NC 2A 
2D1 251 

NC-No internal connection 

Copyright © 1984, Texas Instruments Incorporated 
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TL182. TL185 
BI·MOS SWITCHES 

schematic (each channell ' 

VLL VCC 

schematic (each channell 

VLL Vcc 

TL 182 TWIN SPST SWITCH 

TL 185 TWIN DPST SWITCH 

A-+~~--1-------+-----~~----~ 

2·88 
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0 

S 

01 

SI 

02 

S2 

symbol 

lA 
(5) 

IS 
(1) ---r.. (2) 

2A 
(10) 

2S 
(14) ---t.. (13) 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCH 

A S 

10 

20 

L ON (CLOSED) 

H OFF (OPEN) 

symbol 

lA 
(15) 

(16) ---- (I) 
lSI 101 

IS2 
(4) .../"'- (3) 

102 

(10) 
2A 

2S1 
(5) ---- (6) 

201 

2S2 
(9) 

-----
(8) 

202 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCHES 

A SWI ANDSW2 

L OFF (OPEN) 

H ON (CLOSED) 



TL 188 DUAL COMPLEMENTARY SPST SWITCH 

TL 188. TL 191 
OI·MOS SWITCHES 

schematic symbol 

vLL vcc 

01 

SI 

A 
02 

S2 

INPUT 

A 

L 

H 

VEE Vref 

A lSI 

SI 141 .../ _ 131 01 

S2 1111 ---t.. 1121 02 

FUNCTION TABLE 

SWITCHES 

SWI SW2 

OFFIOPENI ONICLOSEDI 

ONICLOSEDI OFFIOPENI 

TL 191 TWIN DUAL COMPLEMENTARY SPST SWITCH 

schematic (each channell symbol 

(151 
lA 

01 1161 .../- III 
lSI 101 

lS2 
141 .--t.. 131 

102 

51 
1101 

2A 
191 .../-

181 
02 2S1 201 

lSI --r.. 161 
2S2 202 

S2 
FUNCTION TABLE 

INPUT SWITCHES 

A SWI SW2 

L OFF (OPENI ONICLOSEOI 

H ON ICLOSEDI OFF IOPENI 

L-... - ..... -i~..-..... - ..... -io--..... -+-.. } TO OTHER HALF 

VEE Vref 
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TL182,TL185, TL188, TL191 
OI·MOS SWITCHES 

functional block diagram 

OOR 01 02 

A-{)-t>- +-t, 
SORS1 S2 

See the preceding two pages for operation of the switches. 

C absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
I» 
r+ 
I» 

en 
j'" 
CD 
CD 
r+ 
C/) 

2-90 

Positive supply to negative supply voltage, VCC - VEE ............................. 36 V 
Positive supply voltage to either drain, VCC - VD ................................. 33 V 
Drain to negative supply voltage, VD - VEE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 V 
Drain to source voltage, VD - Vs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 22 V 
Logic supply to negative supply voltage, VLL - VEE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Logic supply to logic input voltage, VLL - VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 V 
Logic supply to reference voltage, VLL - Vref .................................... 33 V 
Logic input to reference voltage, VI - Vref . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. 33 V 
Reference to negative supply voltage, Vref - VEE ................................. 27 V 
Reference to logic input voltage, Vref - VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 V 
Current (any terminal) ..................................................... 30 mA 
Operating free-air temperature range: TL182M, TL185M, TL188M, TL191M .... -55°C to 125°C 

TL1821, TL1851, TL 1881, TL 1911 . .. . . . . .. - 25°C to 85 °C 
TL182C, TL185C, TL188C, TL191C ......... ooC 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 
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electrical characteristics. Vee 15V.VEE= -15V.VLL=5V.Vref OV 
TL1_M TL1_1 TL1_C 

PARAMETER TEST CONDITIONS 
MIN MAX MIN MAX MIN MAX 

VIH 
High-level control 

TA = MIN TO MAX Yref+ 2 Y ref+ 2 Y ref+ 2 
input voltage 

Low-level control 
VIL 

input voltage 
TA = MIN to MAX Vref+ O.8 Yref+ O.8 Vref+ O.8 

High-level control TA = 25°C 10 10 20 
IIH 

input current 
VI = 5 V 

TA = MAX 20 20 20 

Low-level control 
IlL VI = 0 TA = MIN to MAX -250 -250 -250 

input current 

Vo - 10 V, Vs - -10V, TA = 25°C 5 5 
IDloft) Off-state drain current 

VIH = 2 V, VIL = 0.8 V TA = MAX 100 100 100 

~ 
0 

VD = -10 V, Vs = 10 V, TA = 25°C 5 5 
ISloft) Off-state source current 

VIH = 2 V, VIL = 0.8 V TA = MAX 100 100 100 

3:1-
hlZ 
~rn X..., 
~;;o~ 
~ c:~ ; ~ 
F: t"! 
~Z 
~ ~..t > 

On-state channel VO--lOV, Vs - -10V, TA = 25'C -10 -10 
10(on) + 'S(on) 

leakage current VIH = 2 V, VIL = 0.8 V TA = MAX -200 -200 -200 

TL 182, TA = MIN to 25°C 75 100 100 

Orain-to-source Vo = -10V, IS = 1 rnA, TL188 TA = MAX 100 150 150 
rOS(on) 

on-state resistance VIH = 2 V, VIL = 0.8 V TL185, TA = MIN to 25°C 125 150 150 

TL191 TA = MAX 250 300 300 

ICC Supply current from Y CC 1.5 1.5 1.5 

lEE Supply current from YEE -5 -5 -5 

Supply current from Y LL 
Both control inputs at 0 V TA = 25°C 

ILL 4.5 4.5 4.5 

'" ~ 'ref Reference current -2 -2 -2 

'" ~ 0> 

'" 
ICC Supply current from Vee 1.5 1.5 1.5 

lEE Supply current from VEE -5 -5 -5 
Both control inputs at 5 V TA = 25°C 

ILL Supply current from V LL 4.5 4,5 4.5 

'ref Reference current -2 -2 -2 

switching characteristics. Vee 10 V. VEE = -20 V. VLL 5 V. Vref =0 V. TA 25°e 

PARAMETER TEST CONDITIONS 
TL1 M 

TYP 

TL1 I TL1_C 
UNIT 

TYP TYP 

ton Turn-on time 175 175 175 
Rl ~ 300 I), Cl ~ 30 pF, Figure 1 

350 350 350 
ns 

~urn-off time 

IV 
cO Data Sheets __ 

UNIT 

V 

V 

.A 

.A 

nA 

nA 

nA 

n 

rnA 

rnA 

--

-I 
r--CICI 
N 

-I 
r-

ca­_CICI 
3: ?I 
C-I 
cnr--cnCICI 
:iE!XI 
=i-l 
nr-
:z: -mea 
cn-
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TL 182, TL185, TL 188, TL 191 
BI-MOS SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

VLL = 5 V Vcc = 15 V 

CL includes probe and jig capacitance 

Vs = 3 V for ton and -3 V for toff 

RL 
VO=VS ---­

RL + rOSlonl 

TEST CIRCUIT 

3<=:t f <10n5 x=tr<10;~-----3V 
\ I 

INPUT A 
I \ II 
I '--- - -1f--" I 0 V 

ton~ I -----+----,..,..-t------ 3V 

~.9VO j-VoL-...!-
1_ -~ toff 

OUTPUT ------=r---~ OV 
0.1VO 

Vo 
------------------~V 

NOTE: A. The solid waveform applies for TL 185 and SWl of TL 185 and TL 191; the dashed waveform applies for TL 182 and SW2 of 
TL185 and TL191. 

B. Va 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 
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TL500l. TL500C. TL501l. TL501 C. TL502C. TL503C 
ANALOG-TO-DiGITAL-CONVERTER BUILDING BLOCKS 

02477 DECEMBER 1979-REVISED JANUARY 1989 

Tl500l. Tl500C. TL5011. TL501C 
ANALOG PROCESSORS 

• True Differential Inputs 

• Automatic Zero 

• Automatic Polarity 

• High Input Impedance . . . 109 Ohms 
Typically 

TL5001. TL500C CAPABILITIES Tl5011. TL501 C CAPABILITIES 

Resolution ... 14 Bits (with TL502C) • Resolution ... 10-13 Bits (with TL502C) 

Linearity Error ... 0.001 % • Linearity Error ... 0.01 % 

4 1/2-Digit Readout Accuracy with External • 3 1/2-Digit Readout Accuracy 
Precision Reference 

TL502C CAPABILITIES 
TL502C/Tl503C 

DIGITAL PROCESSORS • Compatible with Popular Seven-Segment 
Common-Anode Displays 

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 
gates. 

description 

The TL5001. TL500C. TL5011. and TL501 C 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 TL503C 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-Iogic conversion provides display and control signals for 
weight scales. industrial controllers. thermometers. light-level indicators. and many other applications. 

Copyright © 1979. Texas Instruments Incorporated 
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TL500l, TL500C, TL501l, 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 VCT 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). 

Vcx VCT -
RX Cx 

Vref t2 
VCT = Vcx--­

RX Cx 

Combining equations 1 and 2 results in: 

where: 

VCT = Comparator (offset) threshold voltage 

Charge 

Discharge 

VCX = Voltage change across Cx during t1 and during t2 (equal in magnitude) 
VI = 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 q 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. 

(1) 

(2) 

(3) 

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 
doc 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 non inverting operational amplifier input. Therefore. the integrator responds only to the 
difference between the analog input terminals. thus providing true differential inputs. 
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integrate-reference phase 

TL500l. TL500C. TL5011. TL501C. TL502C. TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCK 

At a BCD count of 39,999 + 1 = 40,000 or 0, 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 Cref 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 o 20,000 30,000 o 20.000 

I I I 
I AUTO ZERO I INTEGRATE I 
I I INPUT 

I 

INTEGRATE 
REFERENCE 

I II AUTO ZERO I INTEGRATE : 
I I INPUT I 

INTEGRATE 
REFERENCE 

I 
I 
I 

I 
I 

INTEGRATOR 
OUTPUT---~ 

: I I I 
HOLD I I 

I I I I I 
I I I I 
I : I I I I 
I _.!. ___ I I Vlpinl»VlpinZ) I 
: I I (POSITIVE ANALOG VOLTAGE) ------ OVI 

I V(pin 1) < V(pinZ) I I i I I 
: (NEGATIVE ~NALOG VOLTAGE) I I - - t- - - - - - - V(pin 2) 

I 

I I I I I I I 
I I I I I I I 
I I II I I I I 
I I I II 
I I I I I 

COMPA~. ____ rl ------...... _----i,.....------......,~--- .~ 

CONTRO:,::, L~A:.....-_--, 

I 
I 
I 
I 

CONTRO"" Lc.::B:.....-_~ 

I 

: : I : !: 

!-I --------~---i---.J i ~----- OV: 

I I I I I I 
I I ! I I 

i U ____ : ___ -I I :------ Ovi 
I I I I I I 

I I I I I I I 

~S88882IJr--..~:7'~""' ........ DO~N7<~~T,.C~~A7R"E..,.....,.....,...7"i:71 i ---J TRIGGER 

*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 
TL500 OR TL501 

RX ex 

BUfFER ~r--, INTEGRATOR 
OUTPUT 1 1 I" 1 OUTPUT ------, 

LEVEL 
SHIFTER 

ANALOG SWITCH 
LOGIC CONTROL 

I 
I 

I 

fi ' ----ANALOG - - - _J 
'---vv\------J GROUND DIGITAL 

COMMON 

OSCILLATOR 
INPUT 

s~aa4S e~ea 

DIGITAL PROCESSOR 
TL502C OR Tl503C 

II 
(See Note A) 

r - - - - -- - - - - - - y -V;;+' 
i I~' *: ~ I 

" I --_...... I • 'i> TRIGGER 
I i INPUT 

CONTROL 
LOGIC 

I 
I 
I 
I 
L 

I 
I 
I 
I 
I 
I L __ _ 

Wl -lANOORIVERS I ~ 

__ ~_~ I _______ .J 

DlGIT~ENABLE 
OUTPUTS 

101 THRU 051 

COMMON 

(See Note B) 

NOTE5: A. Pin 18 of the TL502C provides an output of fosc loscillator 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 

Hold t 
X Oscillation L L 53.54.57.59.510 

Integrate Positive H 
H H 51.52 

Input Negative L 

Integrate L t L H 53,56,57 
X 

Ht Referen_ce _ H L 53,55,58 

H :ll: High, L == low I X == Irrelevant 

t If tRe 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. 

:t: This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase. 
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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 TL502C 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 TL501 C are characterized for operation over 
the temperature range of OOC to 70°C. The 
TL5001 and TL5011 are characterized for 
operation from -40°C to 85°C. 

TL500l. TL500C. TL5011. TL501 C 
ANALOG PROCESSORS 

J PACKAGE 
(TOP VIEWI 

ANALOG INPUT 1 
}cz ANALOG INPUT 2 

REF OUTPUT VCC+ 
REF INPUT BUFFER OUTPUT 

ANALOG GND INTEGRA TOR INPUT 

Cref+ INTEGRA TOR OUTPUT 

Cref- VCC-
CONTROL B INPUT DIGITAL COMMON 
CONTROL A INPUT COMPARATOR OUTPUT 

OW PACKAGE 
(TOP vlEWI 

ANALOG INPUT 1 Cz 
ANALOG INPUT 2 Cz 

REF OUTPUT 3 VCC+ 
REF INPUT BUFFER OUTPUT 

ANALOG GND INTEGRA TOR INPUT 

Cref+ INTEGRATOR OUTPUT 

Cref- VCC-
NC NC 

CONTROL B INPUT 9 DIGITAL COMMON 
CONTROL A INPUT COMPARATOR OUTPUT 

NC - No internal connection 

AVAILABLE OPTIONS 

LINEARITY 
PACKAGE 

TA CERAMIC DIP WIDE-BODY SO 
ERROR 

(JI (DWI 

O·C to 70·C 
0.005% FS TL500CJ TL500CDW 

0.05% FS TL501CJ TL501CDW 

-40·C to 85·C 
0.005% FS TL500lJ TL500lDW 

0.05% FS TL501lJ TL501lDW 

II 
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TL500l, TL500C, TL501l, TL501C 
ANALOG PROCESSORS 

schematics of inputs and outputs 

CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT 

OUTPUT 

DIGITAL 
COMMON 

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

Positive supply voltage, VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 18 V 
Negative supply voltage, VCC - . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. - 18 V 
Input voltage, VI ......................................................... ± VCC 
Comparator output voltage range (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 V to VCC + 
Comparator output sink current (see Note 2) .................................... 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: TL5001, TL5011 . . . . . . . . . . . . . . . . . . . . . . .. - 40 to 85°C 

TL500C, TL501C ....................... O°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: 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. 

PACKAGE 

ow 

DISSIPATION RATING TABLE 

TA :s 25°C DERATING FACTOR 

POWER RATING ABOVE TA _ 25°C 

1125 mW 9 mW/oC 

1025 mW 

TA - 70°C 
POWER RATING 

720mW 

656 mW 

TA - 85°C 
POWER RATING 

585 mW 

533 mW 
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recommended operating conditions 

Positive supply voltage, Vee + 

Negative supply voltage, Vee-

Reference input voltage, V refill 

Analog input voltage, VI 

Differential analog input voltage, VID 

High-level input voltage, VIH I Control inputs 

Low-level input voltage, VIL I Control inputs 

Peak positive integrator output voltage, VOM + 
Peak negative integrator output voltage, VOM-

Full scale input voltage 

Autozero and reference capacitors, Cz and eret 
Integrator capacitor, eX 
Integrator resistor, AX 

Integrator time constant, RXCX 

I TL5001, TL5011 
Free-air operating temperature, T A 1 TL500C, TL501 C 

Maximum conversion rate with TL502C or TL503C 

system electrical characteristics at Vee ± 
(unless otherwise noted) (see Figure 3) 

± 12 V. Vref 

PARAMETER TEST CONDITIONS 
MIN 

Zero error 

Linearity error relative to full scale VI = 2 V to 2 V 

Full scale temperature coefficient 

Temperature coefficient of zero error 
T A = full range 

Rollover error t 

Equivalent peak-ta-peak input noise voltage 

Analog input resistance Pin 1 or 2 

Common-mode rejection ratio VIC - -1 V to +1 V 

Current into analog input VI = ±5 V 

Supply voltage rejection ratio 

TL5DOI. TL5DDC. TL5D11. TL5D1 C 
ANALOG PROCESSORS 

MIN NOM MAX UNIT 

7 12 15 V 

-9 -12 -15 V 

0.1 5 V 

±5 V 

10 V 

2 V 

0.8 V 

+9 V 

-5 V 

2 Vref 
0.2 ~F 

0.2 ~F 

15 100 kll 

See 

Note 3 

-40 85 

0 70 
DC 

3 12.5 cony/sec 

1.000 ± 0.03 mV. TA 

TL501 TL500 
UNIT 

TYP MAX MIN TYP MAX 

50 300 10 30 ~V 

0.005 0.05 0.001 0.005 %FS 

6 6 ppm/DC 

4 1 ~v/De 

200 500 30 100 ~V 

20 20 ~V 

109 109 II 

86 90 dB 

50 50 pA 

90 90 dB 

t Rollover 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 
VID (full scalel tl 

I VOM _ I - VI(pin 21 

where 

V/D = 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 

fI 
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TL500l, TL500C, TL5011, TL501C 
ANALOG PROCESSORS 

electrical characteristics at Vcc± = ± 12 V, Vref 

integrator and buffer operational amplifiers 

1 V, TA 

PARAMETER 

VIO Input offset voltage 

118 Input bias current 

VOM+ Positive output voltage swing 

VOM- Negative output voltage swing 

AVD Voltage amplification 

Bl Unity-gain bandwidth 

CMRR Common mode rejection 

SR Output slew rate 

comparator 

PARAMETER 

VIO Input offset voltage 

liB Input bias current 

AVO Voltage amplification 

VOL Low~level output voltage 

IOH High-level output current 

voltage reference output 

PARAMETER 

V,ef(OL Reference voltage 

aVref 
Reference-voltage 

temperature coefficient 

'0 Reference output resistance 

logic control section 

PARAMETER 

IIH High-level input current 

IlL Low-level input current 

total device 

PARAMETER 

ICC+ Positive supply current 

ICC- Negative supply current 

2-100 

TEST CONDITIONS 

VIC = -lVto+1V 

TEST CONDITIONS 

IOL = 1.6 rnA 

VOH = 3 V 

TEST CONDITIONS 

T A = full ,ange 

TEST CONDITIONS 

VIH = 2 V 

VIL = 0.8 V 

TEST CONDITIONS 

TEXAS ~ 
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25°C (see Figure 3) 

MIN TYP MAX UNIT 

15 mV 

50 pA 

9 11 V 

-5 -7 V 

110 dB 

3 MHz 

100 dB 

5 V/~s 

MIN TYP MAX UNIT 

15 mV 

50 pA 

100 dB 

200 400 mV 

5 20 nA 

MIN TYP MAX UNIT 

1.12 1.22 1.32 V 

80 ppm/DC 

3 II 

MIN TYP MAX 

1 10 

-40 -300 

MIN TYP MAX 

15 20 

12 18 



TL50Dl, TL500C, TL501l, TL501C 
ANALOG PROCESSORS 

PARAMETER MEASUREMENT INFORMATION 

12V -12V 5V 

(161 (121 2 

VCC+ VCC_ kn 

100 kn (11 COMPARATOR (101 
PRECISION OUTPUT MPU 
VOLTAGE 100kn (21 INPUTS (91 LOGIC 

} ANALOG 

SOURCE CONTROL A CONTROLLER 
Vref = (see Note CI 
1.000 ±0.03 mV REF 181 

CONTROL B 
':' (41 INPUT 

(71 

Cref - 1 "F 
Cref+ 

BUFFER 1151 0 

Isee Note DI (61 OUTPUT t1 = 100 ms 

Cref- RX = 27 kn from 
118) INTEGRATOR (14) 

VIDllull scale)tl 
Cz = 11'F 

Cz INPUT RXCX = VOM V!lPIN 2) 
{see Note OJ Cx = 11'F 

Cz 
INTEGRATOR 

(see Note OJ 
117) OUTPUT 113) 

ANALOG 

NOTES: C. Tests are started approximately 5 seconds after power-on. 
D. Capacitors used are TRW's X363UW polypropylene or equivalent for Cx. Cref. and CZ; however for Cref 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-/LF 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: 

Minimum RXCX 
VID (full scale) tl 

1 VOM -I - VI(pin2) 

where: 

VID(full scale) = Voltage on pin 1 with respect to pin 2 
tl = Input integration time in seconds 

Vl(pin2) = Voltage on pin 2 with respect to analog ground. 
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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 fosc, 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 levE;l1 (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 Von 
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 12L and 
'bipolar techniques. The TL502C and TL503C are 
characterized for operation from O°C to 70°C. 

TL502C ... N PACKAGE 

(TOPVIEWI 

CONTROL B OUTPUT VCC 

{ 

01 (LSB) CONTROL A OUTPUT 
DIGIT 02 20.000t 

ENABLE 03 OSCILLATOR INPUT 
OUTPUTS 04 TRIGGER 

05 IMSB)t COMPARATOR INPUT 

7'SEGMENT{A GF }7.SEGMENT 
DRIVER B 

OUTPUTS C E DRIVER 
DIGITAL COMMON 0 OUTPUTS 

'-I.._~...J-' 

TL503C ... N PACKAGE 

ITOP VIEW) 

CONTROL B OUTPUT VCC 

{ 

01 (LSB) CONTROL A OUTPUT 
DIGIT 02 OSCILLATOR INPUT 

ENABLE 03 TRIGGER 

OUTPUTS 04 COMPARATOR INPUT 
D5IMSB)* Q3 

Qo Q2 
DIGITAL COMMON '-1.:'----';..1-' Q 1 

tPin 18 of TL502C provides an output of fosc loscillator 
frequency) + 20,000, 

i05, the most significant bit, is also the sign bit. 

TABLE OF SPECIAL FUNCTIONS 

VCC - 5V ±10% 

TRIGGER COMPARATOR 
FUNCTION 

INPUT INPUT 

VI<0,8 V VI<6.5 V Hold at auto-zero cycle after completion of conversion 

2 V:5VI<6.5 V VI:56.5 V Normal operation (continuous conversion) 

VI<6.5 V VI>7.9 V Display Test: All BCD outputs high 

VI>7.9 V VI<6.5 V Internal Test 

Both inputs to go VI'" 7.9 V System clear: Sets BCD counter to 20,000. 

simultaneously When normal operation is resumed, cycle begins with Auto Zero. 
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TL502C, TL503C 
DIGITAL PROCESSORS 

DIGIT 5 IMOST SIGNIFICANT DIGIT) CHARACTER CODES 

TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 

CHARACTER 03 02 01 00 
A B C D E F G 

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 

NUMBER 03 02 01 00 
A B C D E F G 

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 

2 L L H L L H L L L H L 

3 L L L L H H L L L H H 

4 H L L H H L L L H L L 

5 L H L L H L L L H L H 

6 L H L L L L L L H H L 

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 

~ 
VCC VCC---

2_5kO DISPLAY 7500 
- TEST OR 

SYSTEM 
2_5kO 5kO CLEAR --- y' OUTPUT 

'" tk~ INPU1~ 5kO lkO 

COMMON 
), COMMON--

), 

CONTROL A AND B OUTPUTS DIGIT-ENABLE OUTPUTS 

VCC--
VCC---

16_8 kO 10kO 
1 kO 

OUTPUT 
lkO >----

OUTPUT 
~ 110.0· 

- - --- ,..-

4_4kn 5kn 
1 kn 

COMMON 
,h COMMON----

J, 
'Shorted on TL503C 

I 
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TL502C, TL503C 
DIGITAL PROCESSORS 

absolute maximum ratings 

Supply voltage, Vee Isee Note 4) 

Input voltage, VI 

Output current 

Oscillator 

Comparator or Trigger 

BCD or Segment drivers 

Digit-enable outputs 

Pin 18 ITL502e only) 

Total power dissipation at lor below) 30 0 e free-air temperature Isee Note 5) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1,6 mm 11/16 inch) from case for 10 seconds 

NOTES: 4. Voltage values are with respect to the network ground terminal. 

7 

5.5 

9 
120 

40 

20 

1100 

o to 70 

-65 to 150 

260 

5. For operation above 30°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN NOM MAX 
Supply voltage, Vee 4.5 5 5.5 

High-level input voltage, VIH I Comparator and trigger inputs 2 

Low-level input voltage, VIL I Comparator and trigger inputs 0.8 

Operating free-air temperature 0 70 
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electrical characteristics at 25°C free-air temperature 

PARAMETER TERMINAL 

VIK Input clamp voltage All inputs 

VT+ 
Positive-going input 

threshold voltage 
Oscillator 

VT-
Negative-going input 

threshold voltage 
Oscillator 

VT+ - VT- Hysteresis Oscillator 

Input current at 

IT+ positive-going input Oscillator 

threshold voltage 

Input current at 

IT- negative-going input Oscillator 

threshold voltage 

Digit enable 

VOH High-level output voltage Pin 18 ITL502e only) 

Control A and 8 

Digit enable 

Pin 18 ITL502e only) 

VOL Low-level output voltage Control A and 8 

Segment drivers 

BCD drivers 

Comparator, Trigger 
II Input current 

Oscillator 

Comparator, Trigger 
IIH High-level input current 

Oscillator 

Oscillator 
IlL Low-level input voltage 

Comparator, Trigger 

Digit enable 

Pin 18 ITL502e only) 

IOH 
High-level output current 

Control A and 8 
(Output transistor offl 

Segment drivers 

BCD drivers 

IOL 
Low-level output current 

Digit enable 
(Output transistor on) 

ICC Supply current Vee 

TEST CONDITIONS 
TL502C 

MIN TYP MAX MIN 

Vee ~ 4.5 V, II ~ -12 rnA -0.8 -1.5 

Vee ~ 5 V 1.5 

Vee ~ 5 V 0.9 

Vee ~ 5 V 0.4 0.6 0.8 0.4 

Vee ~ 5 V -40 -94 -170 -40 

Vee ~ 5 V 40 117 170 40 

4.15 4.4 4.15 

Vee ~ 4.5 V, IOH ~ a 4.25 4.4 

4.25 4.4 4.25 

IOL ~ 20 rnA 

IOL ~ 10 rnA 0.15 0.4 

Vee ~ 4.5 V IOL ~ 2 rnA 0.088 0.4 

IOL ~ 100 rnA 0.17 0.3 

IOL ~ 100 rnA 

Vee ~ 5.5 V, VI ~ 5.5 V 
65 100 

1 

-0.6 -1 
Vee ~ 5.5 V, VI ~ 2.4 V 

0.5 

0.1 0.17 
Vee ~ 5.5 V, VI ~ 0.4 V 

-1 -1.6 

Vo ~ 0.5 V, -2.5 -4 -2.5 

Vo ~ 0.5 V -0.5 -0.9 

Vee ~ 4.5 V Vo ~ 0.5 V -0.25 -0.4 -0.25 

Vo - 5.5 V 0.25 

Vo ~ 5.5 V 

Vee ~ 4.5 V, Vo ~ 3.55 V 18 23 

Vee - 5.5 V 73 110 

Data Sheets __ 

TL503C 

TYP 

-0.8 

1.5 

0.9 

0.6 

-94 

117 

4.4 

4.4 

0.2 

0.088 

0.17 

65 

-0.6 

0.1 

-1 

-4 

-0.4 

73 

MAX 

-1.5 

0.8 

-170 

170 

0.5 

0.4 

0.3 

100 

1 

-1 

0.5 

0.17 

-1.6 

0.25 

110 

UNIT 

V 

V 

V 

~A 

~A 

V 

V 

~A 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

-
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TL502C, TL503C 
DIGITAL PROCESSORS 

special functions t operating characteristics at 25°C free-air temperature 

PARAMETER 

Input current into 

comparator or trigger inputs 

TEST CONDITIONS 

Vee = 5.5 V, VI = 8.55 V 

Vee = 5.5 V, VI = 6.25 V 

MIN TYP MAX 

1.2 1.8 

0.5 

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

01 

1--316.71'5-==/ 

02 

03 

TYPICAL APPLICATION DATA 

'-- 16.7 1'5 (se. Not. E) 
I 
I 
I 

04---------------------------------------------, 

05----------------------------------------------------------------, r--
~-----,I 

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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• 
• 
• 
• 
• 
• 
• 

• 
• 

3·Digit Accuracy (0.1 %) 

10-Bit Resolution 

Automatic Zero 

Internal Reference Voltage 

Single-Supply Operation 

High-Impedance MaS Input 

Designed for Use with TMS1000 Type 
Microprocessors for Cost-Effective 
High-Volume Applications 

BI-MOS Technology 

Only 40 mW Typical Power Consumption 

TL505C 
ANALOG·TO·DlGITAL CONVERTER 

02366. OCTOBER 1977 - REVISED FEBRUARY 1989 

N PACKAGE 
(TOP VIEW) 

VCC ZERO CAP 2 
ANALOG IN ZERO CAP 1 

REF OUT INTEG RES 
REF IN INTEG IN 

GND INTEG OUT 
B IN GND 

A IN -"' __ ...r- CaMP OUT 

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

description 

The TL505C is an analog-to-digital converter building block designed for use with TMS 1000 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 Tl's BI-MOS process, which incorporates bipolar and MOSFET transistors on 
the same monolithic circuit. The TL505C is characterized for operation from OOC to 70 oe. 

PRODUCTION DATA documenl. conl.in informalion 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 

Copyright © 1983, Texas Instruments Incorporated 
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TL505C 
ANALOG·TO·DIGITAL CONVERTER 

functional block diagram 

Cz 

,-----
I 
I 
I 
I 
I 

(4)1 

, 
(2}1 S3A 

ANALOG~ 
INPUT I 

RX cx 

112) 111} (10) Vcc (1) ------r-----: 
I 
I 
I 
'is} 

>-,~---o CaMP 
OUT 

B 

I (7) 

A 
I I 

(3), I 

~ ______________________ ~---~-J 
(5) (9) 

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 (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage, pins 2, 4, 6, and 7 .............................................. Vce 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 1150 mW 
Operating free-air temperature range ..................................... , ooe to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°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°e free-air temperature, derate linearly to 736 mW at 70 0 e at the rate of 9.2 mW/oC. 

recommended operating conditions 

Supply voltage, Vee 

Analog input voltage, V, 

Reference input voltage, Vreflll 

High-level input voltage at A or B, V,H 

Low-level input voltage at A or B, V,L 

Integrator capacitor, eX 
Integrator resistor. RX 

Integration time. t1 

Operating free-air temperature, TA 

2-108 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

MIN NOM MAX 
7 9 15 

0 4 

0.5 3 
3.6 Vee+ 1 

0.2 1.B 

See "component selection" 
0.5 2 

16.6 500 

0 70 

UNIT 
V 

V 

V 

V 

V 

Mil 

ms 

°e 



TL505C 
ANALOG-TO-DlGlTAL CONVERTER 

electrical characteristics, Vee 
(unless otherwise noted) 

9 V, Vref(l) 1 V, TA 25 De, connected as shown in Figure 1 

PARAMETER TEST CONDITIONS 

VOH High-level output voltage at pin 8 10H = 0 

10H High-level output current at pin 8 VOH - 7.5 V 

VOL Low-level output voltage at pin 8 10L = 1.6 mA 

VOM 
Maximum peak output voltage 

RX '" 500 k!l 
swing at integrator output 

Vrel(OI Reference output voltage Irel - -100 ~A 

Temperature coefficient of 
T A = 0 DC to 70 DC aVref 

reference output voltage 

IIH High-level input current into A or B VI ~ 9 V 

IlL Low-level input current into A or B VI - 1 V 

II Current into analog input VI - 0 to 4 V, A input at 0 V 

liB Total integrator input bias current 

ICC Supply current No load 

system electrical characteristics, Vee 
Figure 1 (unless otherwise noted) 

9 V, Vref(l) 1 V. TA 

PARAMETER TEST CONDITIONS 

Zero error VI - 0 

Linearity error VI = 0 to 4 V 

Ratiometric reading VI - Vrel(1) ~ 1 V 

Temperature coefficient of V ref(l) constant and ~ 1 V, 

ratiometric reading T A = 0 DC to 70 DC 

DEFINITION OF TERMS 

Zero Error 

MIN TYP MAX UNIT 

7.5 8.5 V 

-100 ~A 

200 400 mV 

VCC -2 VCC-l V 

1.15 1.22 1.35 V 

± 100 ppm/DC 

1 10 ~A 

10 200 ~A 

±10 ±200 pA 

±10 pA 

4.5 8 mA 

25 De, connected as shown in 

MIN TYP MAX UNIT 

0.1 0.4 mV 

0.02 0.1 %FS 

0.998 1.000 1.002 

±10 ppm/DC 

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). 
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TL505C 
ANAlOG·TO·DlGITAl 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 AID converter waveforms during 
the conversion process are illustrated in Figure 2. 

RX Cx 

lMn 0.01 "F 

(12) 611-----

VCC 

(10) (1) 

I 
I 
'(B) 

~~--~},----~~IN , , 
I , 
I , , 
'10kn 

r-------~ rLOGK~~~~A~'(~7)~-L-W LOGIC DECODE A 
B '(6) 10kn 

SWITCH DRIVERS B 

MPU 
CONTROLLER 

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

A------fl 
I 

B -------------l' I 
I 

I , 
I 
I I 
I 
I I 

I I 
i I 

-V2 I -

INTEGRATOR Vl- rVo(ofs) I 
OUTPUT ~.-~ IT I 

CO~~~:~~OR miTIll,\m'l\t«\Ilf.:I!--___ ----'-_--'_l1JrmmlI 
I I I 

--to---+f.! .... ---tl .1. t2--<.",!.---to--
vl = V2 - v3 = VI + VO(ols) 

FUNCTION TABLE 

CONTROLS ANALOG 

A B SWITCHES CLOSED 

L L 51,52 
H H 53 
L H 51,54 

H = VIH, L = VIL 

FIGURE 2, CONVERSION PROCESS TIMING DIAGRAMS 
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TL505C 
ANALOG· TO·DlGlTAL CONVERTER 

PRINCIPLES OF OPERATION (Continuedl 

The first step of the conversion process is the auto·zero period to. 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 51 and 52. 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 A 1 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 52B is to shorten the amount of time required 
to reach the null condition. 

At the conclusion of to, the MPU takes the A and B inputs both high, which closes 53 and opens all other 
switches. The input signal VI is applied to the non inverting input of A 1 through CZ. VI is then positively 
integrated by A 1. Since the offset of A 1 is stored in CZ, the change in voltage across Cx is due to only 
the input voltage. 5ince the input is integrated in a positive integration during q, the output of A 1 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 t1 is given by 

(1 ) 

where R1 = RX + RS3B and RS3B is the resistance of switch 538. 

At the end of q, the MPU takes the A input low and the 8 input high, which closes 51 and 54 and opens 
all other switches. In this state, the reference is integrated by A 1 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 8 inputs both low. During 
t2, the change in voltage across Cx is given by 

where R2 = RX + RS4 + Rref and Rref is the equivalent resistance of the reference divider. 

Since .:lVCX1 = -.:lVCX2, equations (1) and (2) can be combined to give 

R1't2 VI = Vref--
R2't1 

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

(2) 

(3) 

(4) 

Ideally then, the ratio of R1/R2 would be exactly equal to one. In a typical TL505C system where 
RX = 1 MO, 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). 
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TL505C 
ANALOG-TO-DIGITAL CONVERTER 

PRINCIPLES OF OPERATION (Continued) 

component selection 

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 O.01-I'F ceramic capacitor. 

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

Minimum RXCX = V Vl(max) t1 
( CC - 2 V - Vl(max)) 

where: 

t1 = Input integration time in seconds, 

VI(max) = the maximum value of the analog input voltage, 

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

ANALOG 

INPUT COMP 

A 

B 

TL505C 
ANALOG·TO·DIGITAL CONVERTER 

TYPICAL APPLICATION OAT A 

9V 

SIGNAL OUT 
K(X) 

SEE NOTE 3 

TMS1000 
10 SERIES 10kn kn 

LOGIC 
R8 SEGMENT -11-11-1 

CONTROL DRIVE 

R9 I~ 1_11_1 LINES DIGIT 

DRIVE 
TIL312 LED 

'::" DISPLAYS 

NOTE 3: Connect to either 9 V or 0 V depending on which device in the TMS 1000 series is used and how it is programmed, 

FROM 
AUDIO 

SYSTEM 

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

12V 5V 

lN91 
2.2 kn 

56 n lN914 
VCC VCC 02 

1 kn ANALOG COMP/LAMP COMP 2.2kn TIS91 
INPUT TEST Dl 

OUT A A 
an 

os REF 
IN B B 

I'F 
OSC 

TL505C 470 pF INPUT d 

J 
TL502 

GNO RX2 
b 

-= 
CZl 

33kn 

6.81'F 
. RX1/CXl 

CZ2 0.22 

CX2 
"F 

TIL807 

-= 
FIGURE 4. AUDIO PEAK POWER METER 
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• low Cost 

• 7-8it Resolution 

• Monotonicity Over Entire AID Conversion 
Range 

• Ratiometric Conversion 

• Conversion Speed . . . Approximately 1 ms 

• Single-Supply Operation ... Either 
Unregulated 8-V to 18-V (VCC2 Input), or 
Regulated 3.5-V to 6-V (VCC1 Input) 

• 12l Technology 

• Power Consumption at 5 V ... 25 mW Typ 

• Regulated 5.5 V Output (:s 1 mAl 

description 

The TL507 is a low-cost single-slope analog-to­
digital converter designed to convert analog 
input voltages between 0.25 VCC1 and 0.75 
VCC1 into a pulse-width-modulated output 
code. The device contains a 7-bit synchronous 

TL5071, TL507C 
ANALOG-TO-DIGITAL CONVERTER 

D2503, OCTOBER 1979-REVISED OCTOBER 1988 

P PACKAGE 

(TOP VIEWI 

ClK 2 7 VcC2 
GND 3 6 Vcc, 

ENABLE D8 RESET 

OUTPUT 4 5 ANALOG INPUT 

FUNCTION TABLE 

ANALOG 

INPUT CONDITION 
ENABLE OUTPUT 

X L t H 

VI<200 mV H L 

V ramp >VI>200 mV H H 

VI>Vramp H L 

t Low level on enable also inhibits the reset function. 
H = high level, L = low level, X = irrelevant 

A high level on the reset pin clears the counter to zero, 
which sets the internal ramp to 0.75 Vee. Internal 
pull-down resistors keep the reset and enable pins low 
when not connected. 

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 (l2LI 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 OOC to 70°C. 

functional block diagram (positive logic) 

COMPARATOR 2 

~ indicates an n-p-n open-collector output. 

131 
L-.--'--'-GND 

Copyright © 1979. Texas Instruments Incorporated 
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TL5071. TL507C 
ANALOG-TO-DIGITAL CONVERTER 

schematics of inputs and outputs 

EQUIVALENT OF ENABLE 

AND RESET INPUTS 

~---
INPUT 1 

EQUIVALENT OF CLOCK 

INPUT 

75kn 

~-­
,~"' J---l 

OUTPUT 

+---+----VCCl 

OUTPUT 

EQUIVALENT OF ANALOG 

INPUT 

VCC1---_ ... -

INPUT 

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

Supply voltage, VCC1 (see Note 1) ............................................ 6.5 V 
Supply voltage, VCC2 ...................................................... , 20 V 
Input voltage at analog input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage at enable, clock, and reset inputs .................................. ± 20 V 
On-state output voltage ...................................................... 6 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . .. 1000 mW 
Operating free-air temperature range: TL5071 ............................ - 40°C to 85 °C 

TL507C ................................ 0 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 

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/oC. 

2-116 TEXAS ~ 
INSTRUMENTS 

POST OFfiCE BOX 655012 • DALLAS, TEXAS 75265 



TL5011. TL507C 
ANALOG-TO-DIGITAL CONVERTER 

recommended operating conditions 

MIN NOM 

Supply voltage. VCCI 3.5. 5 

Supply voltage. VCC2 8 15 

Input voltage at analog input 0 

Input voltage at chip enable, clock. and reset inputs 

High-level input voltage, VIH. reset and enable 2 

low-level input voltage, Vll, reset and enable 
On-state output voltage 

Off-state output voltage 

Clock frequency. fclock 0 125 

electrical characteristics over recommended operating free-air temperature range, 
VCC1 '" VCC2 = 5 V (unless otherwise noted) 

regulator section 

PARAMETER TEST CONDITIONS MIN TYPt 

VCCI Supply voltage (outputl VCC2 = 10 to 18 V. ICCI = 0 to -lmA 5 5.5 

ICCI Supply current VCCI = 5 V. VCC2 open 5 

ICC2 Supply current VCC2 = 15 V. VCCI open 7 

inputs 

PARAMETER TEST CONDITIONS MIN Typt 

VT+ Positive-going threshold voltage t 

VT- Negative-going threshold voltage* Clock Input 0.4 

Vhvs Hysteresis (VT + - VT-I 2 2.6 

VI = 2.4 V 17 
IIH High-level input current 

Reset. Enable. and Clock VI = 18 V 130 220 

III Low-level input current VI = 0 

II Analog input current VI = 4 V 10 

output section 

PARAMETER TEST CONDITIONS MIN Typt 

IOH High-level output current VOH = 18V 0.1 

IOl Low-level output current VOL = 5.5 V 5 10 

VOL Low-level output voltage IOl = 1.6 rnA 80 

operating characteristics over recommended operating free-air temperature range, 
VCC1 = VCC2 = 5.12 V 

PARAMETER 

Overall error 

Differential nonlinearity 

Zero error t 

Scale error 

Full scale input voltage* 

Propagation delay time from reset or enable 

t All typical values are at T A = 25°C. 
~These parameters are linear functions of Vee 1 . 

TEST CONDITIONS 

See Figure 1 

Binary count - 0 

Binary count = 127 

Binary count = 127 

TEXAS • 
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MIN Typt 

3.74 3.82 

2 

MAX UNIT 

6 V 

18 V 

5.S V 

±18 V 

V 

0.8 V 

5.5 V 

18 V 

150 kHz 

MAX UNIT 

6 V 

8 rnA 

10 rnA 

MAX UNIT 

4.5 V 

V 

4 V 

35 

320 
p.A 

±10 p.A 

300 nA 

MAX UNIT 

100 p.A 

15 rnA 

400 mV 

MAX UNIT 

±80 mV 

±20 mV 

±80 mV 

±80 mV 

3.9 V 

p.s 
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TL5D71, TL5D7C 
ANALOG-TO-DlGlTAL CONVERTER 

definitions 

zero error 

The absolute value of the difference between the actual analog voltage at the 01 H-to-OOH 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) 
from its theoretical value of 1 LSB. 

100 kHz 
CLOCK 
INPUT 

r-< 

r-

r- -< 

....-

....-

PARAMETER MEASUREMENT INFORMATION 

SN74191 

>CLOCK 

OUTPUTS r-4-
DOWN/UP 

SN74191 
ANALOG DEVICES 

AD562 
RIPPLE (or equivalent) 5kl! TEST 
CLOCK 

1 
POINT 

PCLOCK 
'--- BITS 9·12 

~1 4 DAC OUTPUTS BITS 5·8 
DOWN/UP OUT 

.--- BITS 1·4 

r/'''"'' CLOCK -
':' PULSE 

SN74191 

RIPPLE 
CLOCK D 

CLOCK 

OUTPUTS r--4-DOWN/UP 

FIGURE 1. MONOTONICITY AND NONLINEARITY TEST CIRCUIT 

TL507 

ANALOG 
INPUT 

OUTPUT ~ 

P CLOCK 
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PRINCIPLES OF OPERATION 

TL5071. TL507C 
ANALOG·TO·DIGITAL CONVERTER 

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. VeC1 down to 0.25 • VCC1. 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 • VCC1 to 0.75 • VeC1. 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 VeC1 = 5.12 V. 

0.25· VCC1 

1 binary count 

1.28 V 

(0.75 - 0.25) VCC1 

128 

0.75. VCC1 - 1 count = 3.82 V 

20 mV 

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 VCC2 source or a 
regulated 3.5- to 6-V VCC 1 source. Regardless of which external power source is used. the internal circuitry 
operates at VCC1. When operating from a VCC1 source. VCC2 may be connected to VCC1 or left open. 
When operating from a VCC2 source. VCC1 can be used as a reference voltage output. 

RAMP INPUT TO 
COMPARATOR 1 

OUTPUT FOR 
INPUT LEVEL 1 

ou,~,o. J 
INPUT LEVEL 2 u 

FIGURE 2 

u 

---3.82V 
ANALOG INPUT 
LEVEL 1 

_ ANALOG INPUT 
LEVEL 2 

L 

EI 
II) ... 
CI) 
CI) 

.s:::: 
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CO 
C 
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• Switch ± 10-V Analog Signals 

• TTl Logic Capability 

• 5- to 30-V Supply Ranges 

• Low (100 0) 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 roff/ron 
ratio and no oftset voltage. The p-channel 
enhancement-type MOS switches accept analog 
signals up to ± 10 V and are controlled 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 SPOT switch with two logic 
control inputs. The TL604 is a dual 
complementary SPST switch with a single 
control input, The TL607 is an SPOT 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 roft/ron ratio 
than the other members of the family. 

The TL601 M, TL604M, TL607M, and TL61 OM 
are characterized for operation over the full 
military temperature range of - 55°C to 125°C, 
the TL6011, TL6041, TL6071, and TL6101 are 
characterized for operation from - 25°C to 
85 °C, and the TL601 C, TL604C, TL607C, and 
TL610C are characterized for operation from 
OOC to 70°C. 

TL601, TL60' TL607, TL610 
P-MOS ANALOG SWITCHES 

D2161, JUNE 1976-REVISED OCTOBER 1986 

JG OR P PACKAGE 

(TOPVIEWI 

TL601 

GND[]8 VCC+ 
A 2 7 52 
B 3 6 51 
5 4 5 VCC-

TL604 

GND[]8 VCC+ 
A 2 7 51 

51 3 6 52 
52 4 5 VCC-

TL607 

GND[]8 VCC+ 
A 2 7 52 

ENABLE 3 6 51 

5 4 5 VCC-

TL610 

GND[]8 VCC+ 
A 2 7 C 

B 3 6 5 

5 4 5 VCC-

TYPICAL OF 
All INPUTS 

TYPICAL OF 
ALL SWITCHES 

VCC-

l~S TS 
VCC-

Copyright © 1979, Texas Instruments Incorporated 
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TL601, TL60' TL607, TL610 
P·MOS ANALOG SWITCHES 

logic symbols t and switch diagrams 

Tl601 

~6)51 

LOGIC INPUTS 

A B 

L X 

X L 

H H 

X1 
, 5(4) 

(7)52 

1 n (6) 51 

1 n (7)52 

FUNCTION TABLE 

ANALOG SWITCH 

51 52 

OFF (OPEN) ON (CLOSEO) 

OFF (OPEN) ON (CLOSED) 

ON (CLOSED) OFF (OPEN) 

TL607 

~51 
ENABLE (3) S(4) G3 

A (2) 3X1 n (7)52 
1 (6) 51 

5(4) n 
1/1 ,n (7) 52 

FUNCT)ON TABLE 

INPUTS ANALOG SWITCH 

A ENABLE 51 52 

X L OFF (OPEN) OFF (OPEN) 

L H OFF (OPEN) ON (CLOSED) 

H H ON (CLOSED) OFF (OPEN) 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984. 

TL607 logic diagram (positive logic) 

ENABLE ,-(3-'-) __ HI~ 

A (2) 

S 14) 

t----I 

TL602 

S2~S2 
(7) 51 

(6) 52 

FUNCTION TABLE 

LOGIC INPUT ANALOG SWITCH 

A 51 52 

H ON (CLOSED) OFF (OPEN) 

L OFF (OPEN) ON (CLOSED) 

TLel0 

A 12) & S~16)S 
B 13) Xl 

c(7) 

5 (4) 

FUNCTION TABLE 

INPUTS ANALOG SWITCH 

A B C S 

L X X OFF (OPEN) 

X L X OFF (OPEN) 

X X L OFF IOPEN) 

H H H ON (CLOSED) 
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TL6D1, TL6D4, TL607, TL61D 
P-MOS ANALOG SWITCHES 

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

Supply voltage, Vcc + (see Note 1) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Supply voltage, VCC _ .................................................... - 30 V 
Vce + to VCC _ supply voltage differential. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 V 
Control input voltage .............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee + 
Switch off-state voltage .................................................... , 30 V 
Switch on-state current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
Operating free-air temperature range: TL601 M, TL604M, TL607M, TL610M . . .. - 55°C to 125°C 

TL6011, TL6041, TL6071, TL6101 ......... -25°C to 85°e 
TL601C, TL604C, TL607C, TL610C ......... O°C to 70°C 

Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature (1,6 mm) 1/16 inch from case for 60 seconds: JG package ............ 300°C 
Lead temperature (1,6 mm) 1/16 inch from case for 10 seconds: P package ............. 260°C 

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

recommended operating conditions 

TL601M, TL604M TL601l. TL6041 TL601C, TL604C 

TL607M, TL610M TL6071, TL6101 TL607C, TL610C UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee + Isee Figure 1) 5 10 25 5 10 25 5 10 25 V 

Supply voltage, Vee _ Isee Figure 11 -5 -20 -25 -5 -20 -25 -5 -20 -25 V 

Vee+ to Vee- supply voltage differentiallsee Figure 1) 15 30 15 30 15 30 V 

High-level control input voltage, VIH 2 5.5 2 5.5 2 5.5 V 

low-level control input voltage, VIL All inputs 0.8 0.8 0.8 

Voltage at any analog switch (5) terminal VCC- +8 VCC+ VCC- +8 VCC+ VCC- +8 VCC+ V 

Switch on-state current 10 10 10 rnA 

Operating free-air temperature, T A -55 125 -25 85 0 70 DC 
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TL601, TL604, TL607, TL610 
P·MOS ANALOG SWITCHES 

electrical characteristics over recommended operating free-air temperature range, Vee + 
Vee- - -20 V, analog switch test current = 1 rnA (unless otherwise noted) 

TL6 __ M 

PARAMETER TEST CONDITIONSt TL6 __ 1 

MIN TYP* 

IIH High-level input current VI - 5.5 V 0.5 

IlL Low-level input current VI - 0.4 V -50 

Switch off-state current 
Vl(sw) ~ -10 V, TA ~ 25°C -400 

loff 
See Note 2 TA ~ MAXt -50 

TL601 

VIIsw) ~ 10 V, TL604 55 

IOlsw) ~ -1 mA TL607 

Switch on-state resistance 
TL610 40 

ron 
TL601 

Vllsw) ~ -10 V, TL604 220 

IOlsw) ~ -1 mA TL607 

TL610 120 

roff Switch off-state resistance 25 

Con Switch on-state input capacitance Vl(sw) - 0 V, f - 1 MHz 16 

Coff Switch off-state input capacitance VIIsw) - 0 V, f - 1 MHz 8 

TL601 

Logic inputls) TL604 
5 

at 5.5 V, Enable 
5 

ICC + Supply current from V CC + All switch input high 
TL607 

terminals Enable 
3 

open input low 

TL610 5 

TL601 

Logic input!s) TL604 
-1.2 

at 5.5 V, Enable 
-2.5 

ICC - Supply current from V CC _ All switch input high 
TL607 

terminals Enable 
-0.05 

open input low 

TL610 

tMAX is 125°C for M-suffix types, 85°C for I-suffix types, and 70°C for C-suffix types. 
tAli typical values are at TA ~ 25°C except for loff at TA ~ MAX. 
NOTE 2: The other terminal of the switch under test is at VCC+ = 10 V. 

switching characteristics, Vee + 10 V, Vee- = -20 V, TA 

PARAMETER TEST CONDITIONS 

ton Switch turn-on time 
toff Switch turn-off time 

RL ~ 1 k[J, CL ~ 35 pF, See Figure 2 

1.2 

MAX 

10 

-250 

-100 

100 

80 

400 

300 

10 

10 

5 

10 

-2.5 

-5 

-0.5 

-2.5 

TL6 __ C 

MIN TYP* MAX 

0.5 10 

-50 -250 

-500 

-10 -20 

75 200 

40 100 

220 600 

120 400 

20 

16 

8 

5 10 

5 10 

3 5 

5 10 

-1.2 -2.5 

-2.5 -5 

-0.05 -0.5 

1.2 -2.5 

MIN TYP MAX 

400 500 

100 150 
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TL6D1, TL6D4, TL6D7, TL61D 
P·MDS ANALOG SWITCHES 

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

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

> 
I ., 
'" :s 
"0 
> 
> 
C. 
a. 
::J 

'" I + u 
u 
> 

RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 

30r---,----,----,----,---.----, 

25 

20 

15 

10 

OL-__ ~---L---J----L---~--~ 
-30 -25 -20 -15 -10 -5 0 

Vcc_-Supply Voltage-V 

FIGURE 1 

(I) ... 
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TL6D1. TL6D' TL6D7. TL61D 
P·MOS ANALOG SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

PULSE 
GENERATOR 
ISoo Note AI 

2.4V +10 V 

OR~~OUTPUT I 
-10V ~ RL= CL=35pF 
---- 1kO"::" JlSeoNotoBI 

TEST CIRCUIT 

NOTES: A. The pulse generator has the following characteristics: 
Zout = 50 n, t, :5 15 ns, If :5 15 ns, Iw = 500 ns, 

B. CL includes probe and jig capacitance. 

FIGURE 2 

~-"" _--5V 
INPUT 50% 50% I _____ J I OV 

ton~ toff~ 

OUTPUT /"90% ~O~O 
1kO 

Vo = (10 VI ---
, kO + ron 

VOLTAGE WAVEFORMS 

TYPICAL CHARACTERISTICS 

1000 

700 
c: 
I 400 .. 
u 
C 
to 

·5 200 .. 
II: 

~ 100 
~ 
c 70 0 
s: := 40 '~ 

'" I c 
B 20 

10 
-15 

M-SUFFIX DEVICES 
I·SUFFIX DEVICES 

SWITCH ON·ST A TE RESISTANCE 
vs 

SWITCH ANALOG VOLTAGE 

VCC+= 10V 
VCC- = -20 V 
TA = 25°C 

-10 -5 0 5 

VI (sw)-Switch Analog Voltage-V 

FIGURE 3 

c: 
I 
1l 
c 
t! 
';;; .. 
II: 

!l 
to 

ti 
i: 
0 
I 
c 
B 

10 

1000 

700 

400 

200 

100 

70 

40 

20 

10 

M·SUFFIX DEVICES 
I·SUFFIX DEVICES 

SWITCH ON·ST A TE RESISTANCE 
vs 

FREE-AIR TEMPERATURE 

~VII(sW)! _12 1V 

f-- I 1=-l1V 
VllsW -cr 

- 1--10 V 
Vilsw - I 

I-- f--I I,,_SV ~ I--
f--V~ _ -I--I- -I--:l -r ~ ......-J-..-

1 · LVl(sw) = 10 V 
Vl(sw) = 0 V Vcc+ = 10 V 

Vcc- = -20 V 
'O(sw) = 1 mA 

-75 -50 -25 0 25 50 75 100 125 

TA-Free·Air Temperature-oC 

FIGURE 4 
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• Low Clock-to-Cutoff-Frequency Ratio Error 
TLC04/MF4A-50 ... ±0.8% 
TLC14/MF4A-100 ... ±1% 

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

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

• Cutoff Frequency Range from 0.1 Hz to 
30 kHz. VCC± - ±2.5 V 

• 5-V to 12-V Operation 

• Self Clocking or TTL-Compatible and CMOS­
Compatible Clock Inputs 

• Low Supply Voltage Sensitivity 

• Designed to be Interchangeable with 
National MF4-50 and MF4-1 00 

description 

TLC04/MF4A-50. TLC 14/MF4A-1 00 
BUTTERWORTH FOURTH-ORDER LOW-PASS 

SWITCHED-CAPACITOR FILTERS 
02970. NOVEMBER 1986-REVISED NOVEMBER 1988 

o OR P PACKAGE 

(TOPVIEWI 

ClKIN DB FilTER IN 
ClKR 2 7 VCC+ 

lS 3 6 AGND 
VCC - 4 5 FilTER OUT 

The TLC04/MF4A-50 and TLC 14/MF4A-1 00 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 TLC04/MF4A-50 and a clock-to-cutoff frequency ratio of 100: 1 with less than ± 1 % 
error for the TLC14/MF4A-1 00. The input clock features self-clocking or TTL- or CMOS-compatible options 
in conjunction with the level shift (LS) pin. 

The TLC04M/MF4A-50M and TLC14M/MF4A-100M are characterized over the full military temperature 
range of - 55 ac to 125 ac. The TLC041/MF4A-501 and TLC141/MF4A-1 001 are characterized for operation 
from - 40 ac to 85 ac. The TLC04C/MF4A-50C and TLC14C/MF4A-1 DOC are characterized for operation 
from oac to 70 aC. 

functional block diagram 
(7) 

VCC+--
LS 13) 

FILTER IN.:.;18:.:.) ________ ~ 

AGND.:.;f6~) ________ ~ 

(4) 
VCC---

LEVEL 

LOW-PASS FILTER 

Copyright @ 1986, Texas Instruments Incorporated 
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TLC04/MF4A·50. TLC14/MF4A·100 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

pin description 

PIN 

NAME NO. 

AGND 6 

ClKIN 1 

ClKR 2 

FilTER IN 8 
FilTER OUT 5 

lS 3 

VCC+ 7 

VCC- 4 

AVAilABLE OPTIONS 

PACKAGE 

TA ClOCK-TO-CUTOFF SMAll OUTLINE PLASTIC DIP 

FREQUENCY RATIO 10) (P) 

O·C 50:1 TlC04CO/MF4A-50CO TlC04CP/MF4A-50CP 

to 

70·C 100:1 TLC 14CO/MF4A-l OOCO TlC 14CP/MF4A-l OOCP 

-40·C 50:1 TLC0410/MF4A-5010 TlC04IP/MF4A-50IP 

to 

B5·C 100:1 TlC 1410/MF4A-l 0010 TLC 14IP/MF4A-l OOlP 

-55·C 50:1 TLC04MP/MF4A-50MP 

to 
125·C 100:1 TlCI4MP/MF4A-l00MP 

The 0 package is available taped and reeled. Add the suffix R to the device type (e.g., 
TlC04CDR/MF4A-50CDR). 

110 DESCRIPTION 

I Analog Ground - The non inverting input to the operational amplifiers of the Butterworth fourth-order low-

pass filter. 

I Clock In - The clock input terminal for CMOS-compatible clock or self-clocking options. For either option, 

the level Shift (lSI terminal is at VCC _. 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. 

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 

VCC+ or VCC-. 
I Filter Input 

0 Butterworth fourth-order low-pass Filter Output 

I 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. 

I Positive supply voltage terminal 

I Negative supply voltage terminal 
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TLC04/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) ........................................... , ± 7 V 
Operating free-air temperature range: TLC04M/MF4A-50M. TLC14M/MF4A-100M -55°C to 125°C 

TLC04I/MF4A-501. TLC141/MF4A-1001 ..... -40°C to 85°C 
TLC04C/MF4A-50C. TLC14C/MF4A-100C ..... O°C to 70°C 

Storage temperature range ......................................... - 65°C to 1 50°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 

TLC04/MF4A·50 TLC14/MF4A-100 
UNIT 

MIN MAX MIN MAX 
VCC+ Positive supply voltage 2.25 6 2.25 6 V 

VCC- Negative supply voltage -2.25 -6 -2.25 -6 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VCC+ ~ ±2.5 V 5 1.5xl06 5 1.5xl06 
fclock Clock frequency (see Note 2) Hz 

VCC+ ~ ±5 V 5 2xl06 5 2xl06 

fco Cutoff frequency (see Note 3) 0.1 40xl03 0.05 20xl03 Hz 

TLC04M/MF4A-50M. 

TLC14M/MF4A·l00M 
-55 125 -55 125 

TA Operating free-air temperature 
TLC041/MF4A·501, 

TLC141/MF4A·l001 
-40 85 -40 85 °c 

TLC04C/MF4A·50C, 

TLC 14C/MF4A·l OOC 
0 70 0 70 

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. 
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TLC04/MF4A·50. TLC 14/MF4A·1 00 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

electrical characteristics over recommended operating free·air temperature range. Vee+ = 2.5 V. 
Vee - - - 2.5 V. fclock :5 250 kHz (unless otherwise notedl 

filter section 

PARAMETER TEST CONDITIONS 
TLC04/MF4A·50 TLC14/MF4A·100 

UNIT 
MIN TYpT MAX MIN Typt MAX 

VOO Output voltage offset 25 50 mV 

, VOM+ 1.B 2 1.B 2 
YOM Peak output voltages RL = 10 k!l V 

VOM- -1.25 -1.7 -1.25 -1.7 

Source TA = 25°C. -0.5 -0.5 
lOS Short~circuit output current 'S;;;k mA 

See Note 4 4 4 

ICC Supply current fclock = 250 kHz 1.2 2.25 1.2 2.25 mA 

• NOTE 4: lOS (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 

c 
II) ... 

supply (VCC _) terminal. lOS (sink current) is measured by forcing the output to its maximum negative voltage and then shorting 
the output to the positive supply (VCC +) terminal. 

II) operating characteristics over recommended operating free·air temperature range. Vee + 2.5 V. 
rn Vee - = - 2.5 V (unless otherwise notedl 
:::r 
CD 
CD ... 
(I) 

PARAMETER TEST CONDITIONS 
TLC04/MF4A·50 TLC14/MF4A-100 

UNIT 
MIN Typt MAX MIN Typt MAX 

Maximum clock frequency, fmax See Note 2 1.5 3 1.5 3 MHz 

Clock-to-cutoff·frequency ratio 
I clock S 250 kHz. 

(lclock"co) 
TA = 25°C 49.27 50.07 50.B7 99 100 101 

Temperature coefficient of 
I clock S 250 kHz 

clock-ta-cutoff frequency ratio 
±25 ±25 ppm/·C 

Ico = 5 kHz. I = 6 kHz -7.9 -7.57 -7.1 
fclk = 250 kHz. dB 

Frequency response above and below TA = 25°C I = 4.5 kHz -1.7 -1.46 -1.3 

cutoff Irequency (see Note 5) Ico = 2.5 kHz. I = 3 kHz -7.9 -7.42 -7.1 
Iclk = 250 kHz. dB 

TA = 25°C f = 2.25 kHz -1.7 -1.51 -1.3 

Dynamic range (see Note 6) TA = 25°C BO 7B dB 

Stop·band Irequency 
I clock S 250 kHz 

attentuation at 2 feo 
24 25 24 25 dB 

DC voltage amplification I clock S 250 kHz. RS S 2 k!l -0.15 0 0.15 -0.15 0 0.15 dB 

Peak-to-peak clock 
TA = 25°C 

feedthrough voltage 
5 5 mV 

t All typical values are at T A = 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 de gain of 0 dB. 
6. 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 ~V rms for the TLC04/MF4A·50 and 135 ~V rms lor the TLC14/MF4A·l00. 
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TLC04/MF4A-50, TLC14/MF4A-l00 
BUTTERWORTH FOURTH-ORDER LOW-PASS 

SWITCHED-CAPACITOR FILTERS 

electrical characteristics over recommended operating free-air temperature range. Vee + = 5 V. 
Vee - = - 5 V. fclock :5 250 kHz. (unless otherwise noted) 

filter section 

PARAMETER TEST CONDITIONS 
TLC04/MF4A-50 TLC14/MF4A-l00 

UNIT 
MIN Typt MAX MIN Typt MAX 

VOO Output voltage offset 150 200 mV 

VOM+ 3.75 4.3 3.75 4.5 
VOM Peak output voltages RL = 10 kG V 

VOM- - 3.75 -4.1 -3.75 -4.1 

Source TA = 25°C. -2 -2 
lOS Short-circuit output current rnA 

Sink See Note 4 5 5 

ICC Supply current fclock = 250 kHz 1.8 3 1.8 3 rnA 

ksvs Supply voltage sensitivity (see Figures 1 and 2) -30 -30 dB 

NOTE 4: lOS (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 
supply (V CC _ ) terminal. lOS (sink current) is measured by forcing the output to its maximum negative voltage and then shorting 
the output to the positive supply IV CC + I terminal. 

clocking section 

PARAMETER 

VT+ Positive-going input threshold voltage 

VT- Negative-going input threshold voltage 

Vhys Hysteresis IVT + - VT-I 

VOH High-level output voltage 

VOL Low-level output voltage 

Input leakage current 

Output current 

Output current 

t All typical values are at TA = 25°C. 

'VCC = VCC+ - VCC-· 

TEST CONDITIONSt 

VCC+ = 10 V, VCC- = 0 

VCC+ = 5 V, VCC- = 0 

VCC+ = 10 V, VCC- = 0 
CLKIN 

VCC+ = 5 V, VCC- = 0 

VCC+ = 10 V, VCC- = 0 

VCC+ = 5 V, VCC- = 0 

VCC = 10 V 
10 = -10 pA 

VCC = 5 V 

VCC = 10 V 
10 = 10 pA 

VCC = 5 V 

VCC = 10V Level Shift pin at mid-supply, 
CLKR 

VCC = 5 V TA = 25°C 

VCC = 10 V CLKR and CLKIN 

VCC - 5 V shorted to VCC-

VCC = 10 V CLKR and CLKIN 

VCC = 5 V shorted to VCC + 

TEXAS ." 
INSTRUMENTS 
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MIN Typt MAX UNIT 

6.1 7 8.9 
V 

3.1 3.5 4.4 

1.3 3 3.8 
V 

0.6 1.5 1.9 

2.3 4 7.6 
V 

1.2 2 3.8 

9 
V 

4.5 

1 
V 

0.5 

2 

2 
pA 

-3 -7 
rnA 

-0.75 -2 
3 7 

mA 
0.75 2 
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TLC04/MF4A·50, TLC14/MF4A·100 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

operating characteristics over recommended operating free· air temperature range, Vee + = 5 V, 
Vee - = - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TLC04/MF4A·50 TLC14/MF4A-l00 

UNIT 
MIN Typt MAX MIN Typt MAX 

Maximum clock frequency, fmax 

(see Note 21 
2 4 2 4 MHz 

Clock-to-cutoff-frequency ratio 
fclock S 250 kHz, 

(fclock/fcol 
TA ~ 25°C 49.58 49.98 50.38 99 100 101 

Temperature coefficient of 
fclock s 250 kHz 

clock-to~cutoff frequency ratio 
±15 ±15 ppm/DC 

fco = 5 kHz, f ~ 6 kHz -7.9 -7.57 -7.1 
fclk = 250 kHz, d8 

Frequency response above and below TA = 25°C f ~ 4.5 kHz -1.7 -1.44 -1.3 

cutoff frequency (see Note 51 fco = 2.5 kHz, f ~ 3 kHz -7.9 -7.42 -7.1 
fclk = 250 kHz, dB 

TA = 25°C f ~ 2.25 kHz -1.7 -1.51 -1.3 

Dynamic range (see Note 7) TA ~ 25°C 86 84 dB 

Stop-band frequency 

attentuation at 2 feo 
f clock S 250 kHz 24 25 24 25 dB 

DC voltage amplification fclock S 250 kHz, RS '" 2 kll -0.15 0 0.15 -0.15 0 0.15 dB 

Peak-to-peak clock 
TA = 25°C 

feedthrough voltage 
7 7 mV 

t All typical values are at T A = 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 0 dB. 
7. The dynamic range is referenced to 2.82 V rms (4 V peakl where the wideband noise over a 30-kHz bandwidth is typically 

142 ~V rms for the TLC04/MF4A-50 and 178 ~V rms for the TLC14/MF4A-100. 
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TLC04/MF4A·50. TLC14/MF4A·100 
BUTTERWORTH FOURTH·ORDER LOW·PASS 

SWITCHED·CAPACITOR FILTERS 

TYPICAL CHARACTERISTICS 

FILTER OUTPUT 
vs 

SUPPLY VOLTAGE VCC+ RIPPLE FREQUENCY 
o 

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

-10 Vee- = -5 V - -
Filter In at 0 V 

fclock = 250 kHz 
-20 

-30 

-40 f\ If 
I \ 

- 50 

-60 
o 5 10 15 20 25 30 35 40 

Supply Voltage Vee + Ripple Frequency-kHz 

FIGURE 1 

FILTER OUTPUT 
vs 

SUPPLY VOLTAGE VCC _ RIPPLE FREQUENCY 

0 
Vee+ = 5 V 

Vee- = - 5 V + 50-mV sine wave 

-10 (0 to 40 kHz) r--
Filter In at 0 V 

fclock = 250 kHz 
-20 

-30 
'/ ~ ,.--

-40 

-50 

-60 o 5 10 15 20 25 30 35 40 

Supply Voltage Vee _ Ripple Frequency-kHz 

FIGURE 2 
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TLC04/MF4A·50, TLC14/MF4A·100 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION DATA 

5V------------------------, 
.b r - - - - -vcc+ - 7ev;':- - - --, 

(3)1 LS SHIFT I 
I I 

CMOS:uI- +_5_V-t-__ .;.(1.;.)';..C_LK_IN __ -lD 

CLKIN I I 
-5 V (2) CLKR I 

I I 
I I 
I I 
I I 

(8)1 FILTER IN I 
(6)1 AGND FILTER (5) 

-= I OUT I 
L ______ ~~~ _______ ~ 

(4) 

-5V--~------------------~ 

FIGURE 3. CMOS-CLOCK-DRIVEN. DUAL-SUPPLY OPERATION 

5V-----.------------------, 
(7) 

r - - - - - vcc+ - - L~L- -

(3)hS SHIFT 

--, 
I 

TTLill-5V 
CLKR ------..;..;.'--------------~ 

I 
I 
I 
I 
I 

OV 

-5V 

I 
I 
I 
I 

(8)1 FILTER IN I 
I FILTER (5) 

(6) AGND OUT I 

-= I I 
L VCC- J ---- --J41-- -- ---

FIGURE 4. TTL-CLOCK-DRIVEN. DUAL-SUPPLY OPERATION 
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TLC04/MF4A·50, TLC 14/MF4A·1 00 
BUTTERWORTH FOURTH·ORDER LOW·PASS 

SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION DATA 

5V------------------------~ 

r - - - - __ b_ - - - - ---, 

FILTER 
INPUT 

VCC+ LEVEL I 
1311LS SHIFT I 

I I 
I 
I 
I 
I 
I 
I 

1811 FIlTER IN 1 
FILTER 1151 

1611AGNO 
-=- I OUT I 

L _____ ~~~ _______ ~ 
141 

-5V--e---------------------~ 

For VCC = 10 V, 

1 
fclock = 1.69 RC 

FIGURE 5. SELF·CLOCKING THROUGH SCHMITT·TRIGGER OSCILLATOR, DUAL·SUPPLY OPERATION 
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TLC04/MF4A·50, TLC 14/MF4A·1 00 
BUTTERWORTH FOURTH·ORDER LOW·PASS 
SWITCHED·CAPACITOR FILTERS 

TYPICAL APPLICATION DATA 

+10V---------.----------------------, 

171 

VCC+ LEVEL 
----, 

CMOS --~----_+~~~~_tD ill-+ 10V 

ClKIN 
OV 

{SEE NOTE Al 

TTQf[-- - 5 _V-t ______ t-{:..2:..1 :-1 C::.:l::.K"'R'--____________ ---l 

ClKR I 
OV I 

10 kl! 

{sil FILTER IN FIL TEA IN ~ 5 VOC __ -+-____ -+--'~~'-=:..;c..;--,__----------__I 
{SEE NOTE BI {611 AGND 

I 

FILTER {51 
OUT 

L _____ ~~~ _______ ~ 
10 kl! 141 

{SEE NOTE CI 

NOTES: A. The external clock used must be of CMOS level because the clock is input to a CMOS Schmitt trigger. 

2-136 

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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TLC04/MF4A-50. TLC 14/MF4A-l 00 
BUTTERWORTH FOURTH-ORDER lOW-PASS 

SWITCHED-CAPACITOR FilTERS 

TYPICAL APPLICATION OAT A 

+10V------------.-------------------------~ 

R 

10 kll 

0.1 ~F 

131 

111 

121 

181 

16) 

171 
r - - - - - - - - ~CC+ - - - - - - - - ., 

lS 

ClKIN 

ClKR 

FILTER IN 

AGNO 
LOW-PASS FilTER 

FilTER 
OUT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1151 

I 
I L ________ ~~ ________ ~ 

10 k!l 141 

ISEE NOTE AI 

fclock a RC X In [(~~~ = ~~:) (~~ ~)] 
For VCC = 10 V. 

f __ 1-
clock - 1.69 RC 

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

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

II 

TEXAS -I.!} 
INSTRUMENTS 2-137 

POST OFFICE BOX 655012 • .DALLAS, TEXAS 75265 



TLC04/MF4A·50, TLC 14/MF4A·1 00 
BUTTERWORTH FOURTH·OROER LOW·PASS 
SWITCHEO·CAPACITOR FILTERS 

2-138 

TYPICAL APPLICATION DATA 

5V--~-------------------------------, 
(7) 

r- - - - - ----VCC+---------, 

LEVEL 
(3) LS 

CLOCK __ -+-__ -1-____ (;...1;...) -:-,,-CL;;;;.K;.;,;.IN,--""'"'i 
INPUT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10k02+-+-" 

(2) CLKR 

(8) FILTER IN 

(6) AGND 

FILTER I 
OUT 1(5) 

LOW-PASS FILTER I 
I I L _________ ~~ ________ J 

0.1 ~F (4) 

-5V--~--~~~----------------------~ 

FIGURE 8. DC OFFSET ADJUSTMENT 
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• 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 general-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. 

TLC1 0/MF1 OA. TLC20/MF10C 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 

TA 

OOC 

to 

70°C 

D2952, AUGUST 1986-REVISED NOVEMBER 1988 

N DUAL·IN-L1NE PACKAGE 

(TOP VIEWI 

lLP 2LP 

lBP 2BP 

lNAH 2NAH 
l1N- 21N-

lAPIN 2APIN 

SW AGNO 

VCC+ VCC-

VOO+ VOO-
LS CF/CL 

lCLK 2CLK 

FN CHIP CARRIER PACKAGE 

l1N- 4 

lAPIN 5 

SW 

VCC+ 

VOO+ 

(TOP VIEW) 

:c 
«a.. a.. a.. n.. 
ZIIl....J...J1D 

~NN 

3 2 1 2019 

g 1011 1213 

(/):::,::::~....J I ...J....J....JU 
U U - 0 
~Nt3~ 

18 2NAH 
17 21N -
16 2APIN 
15 AGND 
14 VCC-

AVAILABLE OPTIONS 

MAX 
PACKAGE 

fclocklfc ERROR 
CHIP CARRIER PLASTIC DIP 

(FN) (NI 

TLC10CFN TLC10CN 

±O,6% or or 

MF10ACFN MF10ACN 

TLC20CFN TLC20CN 

±1.5% or or 

MF10CCFN MF10CCN 

Copyright © 1986, Texas Instruments Incorporated 

fI) ... 
CI) 
CI) 
.t: 
(/) 

CO ... 
CO 
C 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications par the terms of Texas Instruments 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

PIN 

NAME NO. 
110 DESCRIPTION 

AGNO 15 I 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. 

lAPIN 5 I 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 1 a, 4, 5, and 6. This terminal should be driven from a source having 

an impedance of less than 1 kO. In all other modes, this terminal is grounded. See Typical Application Data. 

lBP 2 0 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 I 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 

to VOO+. 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 VDD _. This aborts filtering and limits 

the IC current to 0.5 milliamperes. 

lCLK 10 I Clock Inputs - The clock input to the two-phase nonoverlap ping generator of each respective filter section 

2CLK 11 is used to generate the center frequency of the complex pole pair second-order function. Both clocks should 

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

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

to settle while processing analog samples. 

l1N- 4 I Inverting Inputs - The inverting input side of the input operational amplifier whose output drives the summing 

21N- 17 amplifier of each respective filter section. 

lLP 1 

2LP 20 
0 Low-Pass Outputs - The low-pass outputs of the second-order filters. 

LS 9 I Level Shift - This terminal accommodates various input clock levels of bipolar (CMOS) or unipolar (TTL or 

other clocks) to function with single or dual supplies. For CMOS ( ± 5-volt) clocks. VOO _ or ground is applied 

to the LS terminal. For TTL and other clocks. ground is applied to the LS terminal. 

lNAH 3 0 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. 

SW 6 I 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 VCC _ is applied to the SW terminal. the AGNO 

input terminal will be connected to one of the inputs of each summing amplifier. If VCC + is applied to the 

SW terminal, the LP output will be connected to one of the inputs of the summing amplifier. 

VCC+ 7 Analog positive supply voltage terminal 

VCC- 14 Analog negative supply voltage terminal 

VOO+ 8 Digital positive supply voltage terminal 

VOO- 13 Digital negative supply voltage terminal 
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functional block diagram 

lCLK (101 

LS 

CF/CL 

(91 

(121 

IN­

AGND 

lAPIN 

SW 

2CLK 

21N-

2APIN 

(41 
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(61 

(111 

(171 
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... 
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TLC1 D/MF1 OAr TLC20/MF1 DC 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 

NONOVERLAPPING 
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nct D/MFt OAr nC2D/MFt DC 
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER 

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

Analog supply voltage, Vee ± (see Note 1) . 
Digital supply voltage, VDD ± .......... . 

±7 V 
±7 V 

Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ODe to 70°C 
Storage temperature range ......................................... -65°C to 150°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. 

recommended operating conditions 

MIN NOM MAX UNIT 

Analog supply voltage, VCC +, (see Note 21 ±4 ±S ±6 v 
Digital supply voltage, VDD ±, (see Note 2) ±4 ±S +6 V 

Clock frequency, fclock, (see Note 3) 0.008 1.0 MHz 

Operating free-air temperature, T A 0 70 °c 

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. Vee + and VOO + can be connected together at the device terminals 
or at the supply voltage source. The same is true for Vee _ and VDO _. 

3. Both input clocks should be of the same level type (TTL or CMOS), and their duty cycles should be at SO% above 200 kHz 
to allow the operational amplifiers the maximum time to settle while processing analog samples. 

electrical characteristics at Vee ± = ± 5 V. Voo ± + = ± 5 V. T A - 25 DC (unless otherwise noted) 

TLC10/MF10A TLC20/MF10C 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 
UNIT 

VOPP 
Maximum peak-ta-peak output 

RL = 3.S kll at all outputs ±4 ±4.1 ±3.B ±3.9 V 
voltage swing 

Short-circuit output I Source 
See Note 4 

2 2 
lOS rnA 

current, Pins 3 and 18 I Sink SO 50 

ICC Supply current 8 10 8 10 rnA 

NOTE 4: The short-circuit output current for pins 1, 2, 19, and 20 will be typically the same as pins 3 and 1 B. 

operating characteristics at Vee ± = ± 5 V. VOO ± = ± 5 V. TA = 25°e (unless otherwise noted) 

TLC10/MF10A TLC20/MF10C 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

Critical-frequency range fa x Q :s; 200 kHz 20 30 20 30 kHz 

Maximum clock 

frequency" fclock 
See Note 3 1 1.5 1 1.S MHz 

Clock to center-frequency fo " 5 kHz, R3/R2 = 10, Pin 12 at S V 49.64 49.94 50.24 49.24 49.94 50.64 

ratio Mode 1, See Figure 1 Pin 12 at 0 V 98.75 99.35 99.95 97.86 99.35 100.84 

Temperature coefficient of fa :s 5 kHz, R3/R2 ~ 20, Pin 12 at 5 V ±10 ±10 

center frequency Mode 1, See Figure 1 Pin 12 at 0 V ± 100 ± 100 
ppm/DC 

Filter Q (quality factor) fo " S kHz, R3/R2 ~ 20, Pin 12 at 5 V +2% +4% +2% +6% 

deviation from 20 Mode 1, See Figure 1 Pin 12 at 0 V ±2% ±3% ±2% ±6% 

Temperature coefficient of fo " S kHz, R3/R2 = 20, 

measured filter Q Mode 1 
± 500 ± 500 ppm/DC 

Low-pass output deviation R1 = R2 = 10 k[J 

from unity gain Mode 1, See Figure 1 
±2% ±2% 

Crosstalk attenuation 60 60 dB 

Clock feedthrough voltage 10 10 mV 

Operational amplifier 
2.5 2.5 MHz 

gain-bandwidth product 

Operational amplifier 
7 7 

slew rate 
V/~s 
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TLC1 O/MF1 OA, TLC20/MF1 DC 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

modes of operation 

The TLC 1 O/MFl OA 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 
TLCl O/MFl OA and TLC20/MFl OC, the ratio is about 50: 1 or 100: 1. To fully describe their transferfunction, 
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. 

Iclock 
14 TLC10/MF10A, TLC20/MF10C 

r -------, 
NONOVERLAPPING 

I 
I R1 CLOCK GENERATOR 

NAHI 
~~'------------4-4----~~~--'--NOTCHOUT 

.---:-<.--1:"-' 

VDD+ 
sw 

I 
I 
L 

fo = Iclock/l00 or fclock/50 
fnotch :::: fa 
HOLP = - R2/R1 las f - 01 
HOBP = - R3/Rl lat f = fol 

J as I approaches 0 - R2/R 1 
HON = notch gain las f approaches 0.5 fclock 

Q = lo/BW = R3/R2 

Circuit dynamics: 

+ 

Ie> 

.--1Hf-----::.BP'-:-I4I.--+-- BAND·PASS OUT 

I 
Ie> 

Ht----i+ 

I 
LPI 

Ht--:--+--i- LOW·PASS OUT 

I 
IR3 

I 
I 

.J 

R2 

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

HOLP = HOBP/Q or HOLP x Q = HaN x Q 
HOLP Ipeakl = Q x HOLP Ilor high Qsl 

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

II) ... 
Q) 
Q) 

.J: 
en 

CO ... 
CO 
C 
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TLC1 D/MF1 DA. TLC2D/MF1 DC 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

fclock 
% TLC10/MF10A TLC20 M 0 

I 
I Fl C r-- - --- ---- -- ....., 

I ClK 

I I~ I 
NDNOVERlAPPING 

IIN_ ..... 

I CLOCK GENERATOR <1>2 I 
NAHI 

IAGND I;'" 
~I 

... 
I 

I BP I 

I 
"""'i:'i> --n> It> 

I 
APIN I L...+ L... L... I 

I 
'-- '--

lPI 

I~ 
,- ~+ + 

I -~H - - -
VDD+~ I 

:i ..J........ l- I 
I L ___ ------ _ __ .J 

fo = Iclock/100 or Iclock/50 
o = R3/R2 
HOlP = - 1 HOlP Ipeak) = 0 x HOlP Ilor high Os) 
HOBP1 = - R3/R2 
HOBP2 = 1 Inoninverting) 

Circuit dynamics: 

HOBP1 = 0 

R3 
R2 

NONINVERTING 
BANO-PASS OUT IBP2) 

BAND-PASS OUT IBP1) 

lOW-PASS OUT 

FIGURE 2_ MODE 1a FOR NON INVERTING BAND-PASS AND LOW-PASS OUTPUTS 
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TLC10/MF10A. TLC20/MF10C 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

fclock 

I y, TLC10/MF10A TLC20/MF10C r------------...., 
......,1c..:cc::;LK ______ -I1 NONOVERLAPPING ~ 'I 

I I CLOCK GENERATOR h Rl 

IN- ..... NAHI 
IAGNO I:~~~~-------------------I-+-------~~----'------NOTCHOUT 

~ 1 .... 

I 
I 

APIN I 

l:i> 
'-+ 

~-I""'e>---'· 

.. :-
" .--. 

. '. 

,.--
L... Ie> 

-
~I -

I ,-_"-
~+ "," .. ---1+ 

ISW 
VOO+-r-

Ir~ 
11-L __ _ 

f 0 = f notch x v'R2/R4 + 1 

'notch = 'clockl1OO or 'clock/50 

Q = .... R2/R4 + 1 
R2/R3 

-R21R1 
HOLP (as' approaches 01 = 

R21R4 + 1 

HOBP (at' = '01 = - R3/R1 

-R21R1 
HON 1 (as' approaches 01 = R2/R4 + 1 

HON2 (as' approaches 0.5 'clockl = - R21R1 

Circuit dynamics: 

---:,.. 
"'-, r 

HOBP = Q yHlrr:-OL'"'p-::-:"x"TH"O-N-2 = Q yHON1 x HON2 

I 

BPi 

1 
I 

LPI 

I 

LOW·PASS OUT 

IR3 R2 
114 

1 
I 

.J 

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

FJ 
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c 
CI) 
r+ 
CI) 

o 
:r 
(I) 
(I) 
r+ 
(I) 

TLC1 0/MF1 OAf TLC20/MF1 DC 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

fclock 
14 TLC10/MF10A. TLC20/MF10C 

r --------, 
R1 

L.....:..:= _______ -I NONOVERlAPPING 

CLOCK GENERATOR 

I 
I 

NAHI 
~~'-----------~~-----~~-~-----NOTCHOUT 

r--~I---V-

Voo-

I 
I 
L 

1:1> 
+ 

+ 

JI> 

BPi 
....-l-4-----~I;_ .. -+--- BAND-PASS OUT 

JI> I 
lPI 

H~-:-I-I-+-1I>--- lOW-PASS OUT 

-, 

IR3 R2 I 
R4 I 

H.---i+ 

I I 

I *C1 t 
I 

..J I 
I L---------------------------------------______ ~--~_4~~~ 

10 = (fclockl100 or 'clock/50! ~ 
Q = ~x R3/R2 

HOHP (as I approaches 0.5 Iclock! = -R2/Rl 

HOlP (as' approaches O! = - R4/R 1 

HOSp lat I = lo! = - R3/Rl 

Circuit dynamics: 

R2/R4 = HOHp/HOlP: HOSp = ,IHOHP x HOlP x Q 

HOlP Ipeak! = Q x HOlP lIor high Qs! 

HOHP (peak! = Q x HOHP lIor 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 
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TLC10/MF10A. TLC20/MF10C 
UNIVERSAL DUAL SWITCHED·CAPACITDR FILTER 

TYPICAL APPLICATION OAT A 

fclock y, TlCl0/MF10A, TLC20/MF10C 
1-- ---- -., , , R1 '--!.., C:.;l:::K ______ --1 CNl~~~V~:~:::~OGR 

BP I 
r4-+----~I~....--+-+_--------BANO.PASS OUT 

APIN' I 
lPI 

II> 

Voo- sw R2 
R4 

EXTERNAL 
OPERATIONAL 
AMPLIFIER 
NOTCH OUT 

I 

I 
IR3 

I '-------- lOW· PASS OUT 

I 
L 

fa ~ ('clockI100 or fclock/50) .JR21R4 

Q ~ .JR21R4 X R3/R2 

HOHP ~ - R21R 1 

HOBP ~ - R31R1 

HOlP ~ - R4/R1 

fnotch ~ (fciockl1OO or 'clock/50) .jRfi7Ri 

I 
___ ..J 

HON (at , ~ 'a) ~ I Q (Rg/Ri x HOlP - Rg/Rh x HOHP) i 
HON 1 (as' approaches 0) ~ Rg/Ri x HOlP 

HON2 (as' approaches 0.5 fclock) ~ - Rg/Rh x HOHP 

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

II) .... 
Q) 
Q) 
J: 
(J) 

C'O .... 
C'O 
C 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

--, 

L..-.:....:...--------t' NONOVERlAPPING ~ I 

Iclock 
VI 

I 
r--

t-
IClK 

Rl 

y, TlCl0/MF10A TlC20/MF10C 

I CLOCK GENERATOR h I 

>--4~ __________ t-I-___ -,N::.A::.H:.:':...-_ ... _ All-PASS OUT 

IIN_ .... 
IAGND I~ 

~I ...... 

I 
I r-rc> 

+ 
APIN' 
~~~---------i-

'-- "Ii> 
-

I ~ 
I ,-_'- I--- + 

VDD+~ 

II~ 
11-L __ _ 

10 = Iclock/100 or Iclock/50 
Iz = 10 t 

Q = lo/SW = R31R2 

Qz = R3/R1 

HOAP (at 0 " I " 0.5 Iclockl = - R2/R1 = - 1 
(lor AP output R 1 = R21 

HOlP (as I approaches 01 = - (R21R1 + 11 = - 2 

HOSp (at I = 101 = - R31R2 (R21R1 + 11 = - 2 (R31R21 

Circuit dynamics: 

HOSp = HOlP x Q = (HOAP + 11 Q 

I 
BPi 

I 
r-i-t-----=-'-7--i..-+-- BAND-PASS OUT 

I 

H~-~+ 
lPI 

I 

lOW-PASS OUT 

I
R3 R2 

I 

I 

-1 

tOue to the sampled-data nature of the filter, a slight mismatch of fz and fa occurs causing a 0.4-d8 peaking around fa of the aU-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 
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fclock 
VI -

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

TYPICAL APPLICATION DATA 

y, TLC10lMF10A TLC20lMF10C --- ---- -- --, 

I 
r--

~ 

I ClK 

I I~ I 
NONOVERlAPPING 

I 
R1 

IIN_ 

I CLOCK GENERATOR ,,2 

... 
NAHI 

IAGND 1+" 

~I ..... 
I 

I BPi 

I 
"E1> J"i> ~ 

I 
I ..... + - ..... 

I 
APIN - '--

lPI I 
I __ '-- ,- 1---+ + 

I - - -
VDD+~ r3 

:I~ I 

I 

L_ -------- _ __ .J 

10 = ,JR21R4 + 1 X Ilclock/l00 or Iclock/501 

Iz = ,Jl - Rl/R4 X Ilclock/l00 or Iclock/501 

Q = .,fii27R4+1 X R3/R2 

Qz = ,/1 - Rl1R4 x R3/Rl 

HOZl las I approaches 01 = R2 IR4 - Rl1/Rl IR2 + R41 

HaZ2 las I approaches 0.5 Iclockl = R2/Rl 

HaBP = IR2/R 1 + 11 x R3/R2 

HalP = IR2 + Rl1/1R2 + R41 x R4/Rl 

COMPLEX ZERO OUT 

BAND-PASS OUT 

lOW-PASS OUT 

R2 
R4 

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

II 
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C 
III ... 
III 

en 
~ 
CD 
CD ... 
en 

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

TYPICAL APPLICATION DATA 

leloek * TLC10/MF10A TlC20/MF10C Ir-- ---- ---- -- -, 
VI I ClK 

I I~ 
I 

NONOVERlAPPING 

I Rl 

IIN_ 
I CLOCK GENERATOR .,2 

..... 
NAHI 

IAGND I~/ 

-4--1 ..... 
I 

I BPi 

I 
E1> 7i> r-yc;- 1 

APIN I 
+ I 

-:!:-. I 
'--- '---

lPI 
- r-- - r--"!" + 

I I '-~H - '--- ~ 

VDD-~ r3 

: I-'-~ I 

I L ____ 
- -------~ 

Ie = R2/R3 (fcioekl1OO or fclack/501 

HOlP = - R3/R 1 

HOHP = - R2/R1 

R2 

HIGH-PASS OUT 

lOW-PASS OUT 

(INVERTED I 

FIGURE 8_ MODE 6 FOR SINGLE-POLE HIGH-PASS AND LOW-PASS OUTPUT 
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TLC10/MF10A, TLC20/MF10C 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

TYPICAL APPLICATION DATA 

'clock y, TLC10/MF10A TLC20/MF10C 

I r--
~:...I C:c;L;..K ______ -I1 NONOVERLAPPING ~ 

I I CLOCK GENERATOR ~ 

-- -, 
I 
I 

IN- ... 
r--~I'-A~G-ND-~I-~~-.~ ________ ~-+ ___ ~~~_.-_LOW-PASSOUT 

:;-/ (NONINVERTEDI 

NAHI 

-4:-1 
I 
I 

APIN 1 
VI-I-==::....:;..:+-+------I_ 

I_ 

~ 
+ 

I '-~ 
VDD-~ 

I ,-"­
II-L __ _ 

fc ~ R2/R3 x (fclock/l00 or fclock/501 

HOLP1 = 1 (noninverting) 

HOLP2 ~ - R3/R2 

'-7i> 
-

r--- + 

ryp:-

H~--t+ 

I 
BP I 

I 
I 

I 
IRl 

I 
I _ __ .J 

R2 

FIGURE 9. MODE 6a FOR SINGLE-POLE LOW-PASS OUTPUT (INVERTED AND NON INVERTED) 
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TLC1 0/MF1 OA, TLC20/MF1 DC 
UNIVERSAL DUAL SWITCHED·CAPACITOR FILTER 

5V 

vcc+ 

200·kHz 
TTL CLOCK 

INPUT 

-5V 

TYPICAL APPLICATION DATA 

T I TLC10/MF10A, TLC20/MF10C 

VCC+ Voo+ 
(6) 

SW 2LP 
(20) 

(9) 
LEVEL SHIFT 2BP 

(19) 

(11) 
2CLK 

(18) 

~ 
2NAH 

lCLK 

CENTER FREQI lLP 
(1) 

CURRENT LIMIT 
lBP 

(2) 

-= CONTROL (5) 
lAPIN lNAH ~ 

(16) 
2APIN CF/CL ~ (4) 
l1N-

..!22l 21N- R2 R3 R2' R3' 

VCC- VOD-

1 I 

FIGURE 10. FOURTH·ORDER 2-kHz lOW-PASS BUTTERWORTH FILTER 

R2 
R2 
R3 
R3 

LOW-PASS 

OUTPUT 

~ 100 kll 
, ~ 100 kll 
~ 53.6 kll 
'~130kll 

filter terminology 

fc 
fclock 
fnotch 
fo 
fz 
HOBP 
HOHP 
HOlP 
HON 

HONl 
HON2 
HOZl 
HOZ2 
Q 

The cutoff frequency of the low-pass or high-pass filter output 
The input clock frequency to the device 
The notch frequency of the notch output 
The center frequency of the complex pole pair second-order function 
The center frequency of the complex zero pair 
The band-pass output voltage gain (VIV) at the band-pass center frequency 
The high-pass output voltage gain (VIV) as the frequency approaches 0.5 fciock 
The low-pass output voltage gain (V IV) as the frequency approaches 0 
The notch output voltage gain (V IV) at the notch frequency 
The low-side notch output voltage gain as the frequency approaches 0 
The high-side notch output voltage gain as the frequency approaches 0.5 fciock 
Gain at complex zero output (as f -+ 0 Hz) 
Gain at complex zero output (as f approaches 0.5 fciock) 
The quality factor of the complex pole pair second-order function. Q is the ratio of fo 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. 
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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:> 
3> 

HOBP~------------~' 

i 0.707 HOBP 
;;: 
Cl 

ILIa IH 

I (lOG SCALE) 

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

o = _fo_; fa = JiLiH 

fL = f:H(:~L+ ~ 
fH = fa (2~ + (2~Y + 1) 

FIGURE 11. BAND-PASS OUTPUT 

:> 
3> 

HOp 

HOlP 

i 0.707 HOlP 
;;: 
Cl 

---- '" " 
fp Ie 

f (lOG SCALE) 

fp = fa J 1 - 2~2 

HOp = HOlP x ---~--
2-) 1 _ 1 
o 402 

FIGURE 12. LOW-PASS OUTPUT 

HOp~----------__ ~ 

:> HOHP ----------
3> 
i 0.707 HOHPI----~ 
;;: 
~ 

Ie fp 

f (lOG SCALE) 

HOp = HOHP x ~ 
1J1 _~ Q 1 - 402 

FIGURE 13. HIGH-PASS OUTPUT 
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TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

• LinCMOS" Technology 

• 8-Bit Resolution 

• Total Unadjusted Error ... ±O.5 LSB Max 

• Ratiometric Conversion 

• Access Plus Conversion Time: 
TLC532A ... 15 ,.s Max 
TLC533A ... 30 ,.s Max 

• 3-State. Bidirectional 1/0 Data Bus 

• 5 Analog and 6 Dual-Purpose Inputs 

• On-Chip 12-Channel Analog Multiplexer 

• Three On-Chip 16-Bit Data Registers 

• Software Compatible with Larger TL530 
and TL531 (21-lnput 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 singie chip and can convert analog signals to 
digital data from up to 1 1 external analog 
terminals. Each device operates from a 
single 5-V supply and contains a 12-channel 
analog multiplexer, an a-bit ratio metric analog­
to-digital (AID) 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 B-pin input/output (I/O) 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 a-bit bytes 
(most-significant byte first). In this manner, a 
microprocessor can access up to 1 1 external 
analog inputs or 6 digital signals and the positive 
reference voltage that may be used for self-test. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

0281 NOVEMBER 1983-REVISEO SEPTEMBER 1986 

N PACKAGE 
ITOPVIEW) 

REF - REF+ (A1l 

GNO VCC 
2 -1 (MSB) .o} 2-2 A2 

I/O 
2- 3 A3 ANALOG 

DATA 
2- 4 A4 INPUTS 

BUS 
2- 5 A5 
2- 6 

.,0,", } 2- 7 
A 11/02 ANAlOG/ 

2'- 8 (lSB) A 12/03 DIGITAL 
READ/WRITE (R/W) A 13/04 INPUTS 

CLOCK (ClK) A14/05 
REGISTER SELECT (RS) A15/06 

CHIP SELECT (CS) RESET (R) 

FN PACKAGE 

ITOP VIEWI 

in 
CJ) ~ 
~ N ~ 0 I + U 

I lztttl:iUO 
NNC!la::a::>« 

4 3 2 1 2827 26 

5 25 A2 
6 24 A3 

23 A4 
8 22 A5 
9 21 Al0/0l 
10 20 All/02 
11 19 A 12/03 

12 13 14 15 1617 18 

:5 ~1~la:: ~ cg C!i 
u ---Ln"'M 

««« 

FUNCTION TABLE 

ADDRESS/CONTROL 
DESCRIPTION 

R/W RS CS R ClK 

X X X L t Reset 

L H L H • Write bus data to control 

register 

H L L H t 
Read data from analog 

conversion register 

H H L H t 
Read data from ditigal 

data register 

X X H H X No response 

H =:; High-level. L = Low-level, X = Irrelevant 
.£. = High-ta-Iow transition, t = Low-to-high transition 
tFor proper operation, Reset must be low for at least three clock cycles. 

Copyright @ 1983, Texas Instruments Incorporated 
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TLC532AM. TLC532AI. TLC533AM. TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

description (continued) 

The AID 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. Anyone of 11 analog inputs (or self-test) can be converted to an 8-bit digital word and stored 
within 10 p's (TLC532A) or 20 P.s (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 Nand FN plastic packages and are characterized 
for operation from - 55°C to 125°C. The TLC532AI and TLC533AI are characterized for operation from 
-40°C to 85°C. 

C functional description 

I» 
r+ 
I» 

(J) 
::r 
CD 
CD 
r+ 
en 

2-156 

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 cornrnand 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 cycle 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. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



functional description (continued) 

TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

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 AID 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. 
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TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

read or write cycle time sequence 

ClK 

'rlClK)..j I-- -+I ~'flClK) 
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CLOCK ul CLOCK #10 28 

I Shn 
I I 

I START i END 1 
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'suIA�----, 

R l .... ___ --' 
(See Note A) 

CONTROL 
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See Note B 
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I"WRITE") MS 1 

BYTE.....! 
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NOTES: A. The reset pulse (Fl lowl is required only during power-up. 

lS I 
BYTE I 

'-­
~~.hlbusl 

I 
I 
rlj4r----·acq ---_ 

B. The most significant byte output of Data Out occurs when elK is high. When elK is low, Data Out is in the high-impedance 
loff) 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, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8·BIT ANALOG· TO· DIGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

DATA BUS 
LINES 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 1 

!IM:BI! 

X 
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X 
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I 

X IILSS~II IIM:BII 

t 
MOST SIGNIFICANT BYTE ~I I .. 

16-BIT WRITE 

2 2 2 3 2 4 2 5 2 6 2 7 2 8 

X 

I 

X X 

I 

A3 
I A2 

I 

A1 

IIL:OBI I 

LEAST SIGNIFICANT BYTE 

:1 
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-ta-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) 

o 

2-5 

6-9 (not used) 

A-F 

Channel Select 

AO 

REF + (Al) 

A2-A5 

Al0-A15 

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

DATA BUS 
LINES 2·1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 1 2 2 2 3 2 4 2 5 2 6 2 7 

!I~~~I! ° ° ° ° ° a !IL~BI! !I::BI! 

R6 R5 R4 R1 

2 8 

14------- MOST SIGNIFICANT BYTE j I .. 1OiI-------LEAST SIGNIFICANT BYTE-----_+( 

i4---------8BIT READ -------~ 

16·BIT READ 

AID Status (EOC) - The AID status end-of-conversion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed 
by the AID 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 0 to simplify microprocessor interrogation of the 
AID converter status. 

AID 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. 

DATA BUS 

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

LlNES'--=--:-::---'-:=--:-'--'-=-:-:-r-:-::--r'--:-c---, '--:-c"--=-:-::-r-:-::--o 
2122232425262728 

IIM:J AO I X I X I X I X I X IIL:J 
14------ MOST SIGNIFICANT BYTE ----41 I.. LEAST SIGNIFICANT BYTE -----~ 
1+--------8 BIT READ -------~ 

1OiI----------------------------------------16 BIT READ--------------------------------------~ 

Shared Digital Port (A10/D1-A15/D6l- 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 aU 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 
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TLC532AM. TLC532AI. TLC533AM. TLC533AI 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

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

Supply voltage, VCC (see Note 1) ..................................... -0.3 V to 6.5 V 
Input voltage range: Positive reference voltage. . . . . . . . . . . . . . . . . . . . .. VREF _ to VCC + 0.3 V 

Negative reference voltage. . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VREF + 
All other inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VCC + 0.3 V 

Input current, II (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Total input current, (all inputs) ............................................. ± 20 mA 
Operating free-air temperature range: TLC532AM, TLC533AM .............. - 55°C to 125°C 

TLC532AI, TLC533AI ................. - 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 

MIN NOM 

Supply voltage, VCC 4.75 5 

Positive reference voltage, VREF + (see Note 2) 2.5 Vee 
Negative reference voltage, VREF _ (see Note 2) -0.1 0 

Differential reference voltage, VREF + - VREF- 1 Vee 

High-level input voltage, VIH 
I Clock input vee- C.B 

I All other digital inputs 2 

Low-level input voltage, VIL I Any digital input 

Clock frequency, fCLK 0.1 2 

CS setup time, tsu(CS} 75 

Address IR/W and RS} setup time, tsu(A} 100 

Data bus input setup time, tsu(bus) 140 

Control (R/W, RS, and CS) hold time, th(C} 10 

Oata bus input hold time, th(bus} 15 

Pulse duration of control during read, tw(C} 305 

Pulse duration, reset low, twl(reset) 3 

Pulse duration of clock high, twH(CLKI 230 

Pulse duration of clock low, twL(CLKI 200 

Clock rise time, tr(CLK} 

Clock fall time, tf(CLK} 

Operating free-air ITLC __ AM - 55 

temperature, T A Inc _ .. AI -40 

nC533A 

MAX MIN NOM MAX 
UNIT 

5.5 4.75 5 5.5 V 

vee +0.1 2.5 Vee Vee+ O.1 V 

2.5 -0.1 0 2.5 V 

vcc+ O.2 1 vee vee+ O.2 V 

vee- O.B 
V 

2 

0.8 0.8 V 

2.048 0.1 1.048 1.06 MHz 

100 ns 

145 ns 

185 ns 

20 ns 

20 ns 

575 ns 

3 
Clock 

Cycles 

440 ns 

410 ns 

15 25 ns 

16 30 ns 

125 -55 125 
°c 

85 -40 85 

NOTE 2: Analog input voltages greater than or equal to that applied to the REF + terminal convert to all 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, VREF _. In addition, unadjusted 
errors may increase as the differential reference voltage, VREF+ - VREF-. falls below 4.75 V. 
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TLC532AM, TLC532AI 
LinCMOS™ 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH 5 ANALOG AND 6 DUAL·PURPOSE INPUTS 

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

PARAMETER TEST CONOITIONS MIN TVpt MAX 

VOH High-level output voltage IOH = -1.6 mA 2.4 

VOL Low-level output voltage IOL - 1.6 mA 0.4 

High-level Any digital or Clock input 10 
IIH 

input current Any control input 
VIH = 5.5 V 

1 

Low-level Any digital or Clock input -10 
IlL 

input current Any control input 
VIL = 0 

-1 

Off-state (high-impedance state) VO=VCC 10 
IOZ 

output current Vo = 0 -10 

II Analog input current (see Note 3) VI - 0 to VCC ±500 

Leakage current between selected channel VI = 0 to VCC, 
±400 

and all other analog channels Clock input at 0 V 

I Digital pins 3 thru 10 4 30 
Ci Input capacitance I Any other input pin 2 15 

VCC = VREF+ = 5.5 V, 
ICC+IREF+ Supply current plus reference current 1.5 3 

Outputs open 

ICC Supply current VCC = 5.5 V 1.4 2 

VCC, 

UNIT 

V 

V 

pA 

~A 

~A 

nA 

nA 

pF 

mA 

mA 

c: 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 TVpt MAX UNIT 

linearity error (see Note 4) ±O.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 

Conversion time (including channel acquisition time) 30 
Clock 

teonv 
Cycles 

tacq Channel acquisition time prior to starting conversion 10 
Clock 

Cycles 

ten Data output enable time (see Note 8) CL - 50 pF, RL - 3 kll, 250 ns 

tdis Data output disable time CL = 50 pF, RL = 3 kll 10 ns 

Data bus output High impedance to high level 
CL = 50 pF, RL = 3 kll 

150 
tr(bus) 

rise time Low-to-high level 300 
ns 

Data bus output High impedance to low level 
CL = 50 pF, RL = 3 kll 

150 
tf(bus) 

fall time High-to-Iow level 300 
ns 

t Typical values are at VCC = 5 V, T A = 25 ac. 
NOTES: 4. Linearity error is the deviation from the best straight line through the AID transfer characteristics. 

2-162 

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 mid step value within any step. 

This includes all errors including inherent quantization error, which is the ± O. 5 lSB uncertainty caused by the AID converters' 
finite resolution. 

8. If chip-select setup time, tsu(CS), is less than 0.14 ~s, the effective data output enable time, ten, may extend such that 
tsu(CS) +ten is equal to a maximum of 0.475 ~s. 
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TLC533AM, TLC533AI 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 

WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS 

electrical characteristics over recommended ranges V cc. VREF + . and operating free-air temperature. 
VREF - at ground. fCLK = 1_048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage IOH - -1.6 rnA 2.4 V 

VOL Low-level output voltage IOL ~ 1.6 rnA 0.4 V 

High-level Any digital or Clock input 10 
IIH 

input current Any control input 
VIH = 5.5 V 

1 
~A 

LOW-level Any digital or Clock input -10 
IlL 

input current Any control input 
VIL = 0 

-1 
~A 

10Z Off-state (high-impedance state) output current 
VO~VCC 10 

Vo ~ 0 -10 
~A 

II Analog input current (see Note 3) VI ~ 0 to VCC ±500 nA 

Leakage current between selected channel VI ~ 0 to VCC, 
±400 nA 

and all other analog channels Clock input at 0 V 

Digital pins 3 thru 10 4 30 
Ci Input capacitance 

Any other input pin 2 15 
pF 

ICC+IREF+ Supply current plus reference current 
VCC - VREF+ - 5.5 V, 

1.3 3 rnA 
Outputs open 

ICC Supply current VCC ~ 5.5 V 1.2 2 rnA 

II 
I/) ... 
Q) 
Q) 

.J: 
(J) 

C'CI ... 
C'CI 

NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. C 

operating characteristics over recommended ranges VCC. VREF +. and operating free-air temperature. 
VREF - at ground. fclock '" 1 ,048 MHz (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt 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 Isee Note 61 ±0.5 LSB 

Absolute accuracy error (see Note 7) ± 1 LSB 

tconv Conversion time (including channel acquisition time) 30 
Clock 

Cycles 

tacq Channel acquisition time prior to starting conversion 10 
Clock 

Cycles 

ten Data output enable time (see Note 8) CL ~ 50 pF, RL = 3 kll, 335 ns 

tdis Data output disable time CL = 50 pF, RL ~ 3 kll 10 ns 

Data bus output High impedance to high level 150 
trlbusl CL ~ 50 pF, RL ~ 3 kll ns 

rise time Low-ta-high level 300 

Data bus output High impedance to low level 150 
tflbusl CL ~ 50 pF, RL = 3 kll 

300 
ns 

fall time High-to-Iow level 

tTypical values are at VCC ~ 5 V. TA ~ 25°C. 
NOTES: 4. Linearity error is the deviation from the best straight line through the AID 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 AID converters' 
finite resolution. 

S. If chip-select setup time, tsu(CS), is less than 0.14 J.LS, the effective data output enable time, ten. may extend such that 
t:..HJ(CS) + ten is equal to a maximum of 0.475 Jl.s. 
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TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOS'M 8-BIT ANALOG-TO-DiGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 
02799. OCTOBER 1983-REVISEO OCTOBER 1988 

• LinCMOS" Technology 

• 8-Bit Resolution AID Converter 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... ± 0.5 LSB Max 

• TLC541 is Direct Replacement for Motorola 
MC145040 and National Semiconductor 
ADC0811. TLC540 is Capable of Higher 
Speed 

• Pinout and Control Signals Compatible with 
TLC1540 Family of 10-Bit AID Converters 

TYPICAL PERFORMANCE TLC540 TLC541 

Channel Acquisition Sample Time 2 ~s 3.6 ~s 
Conversion Time 9 ~s 17 ~s 
Samples per Second 75 x 103 40 x 103 

Power Dissipation 6mW 6mW 

description 

The TLC540 and TLC541 are LinCMOS" AID 
peripherals built around an 8-bit switched­
capacitor successive-approximation AID 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a three­
state output with up to four control inputs 
[including independent System Clock, 1/0 Clock, 
Chip Select (CS)' and Address Inputl. A 
4-MHz system clock for the TLC540 and a 
2.1-MHz system clock for the TLC541 with a 
design that includes simultaneous readlwrite 
operation allow high-speed data 

ow OR N PACKAGE 

(TOP VIEWI 

INPUT AO VCC 

INPUT Al SYSTEM CLOCK 

INPUT A2 110 CLOCK 

INPUT A3 ADDRESS INPUT 

INPUT A4 DATA OUT 

INPUT A5 CS 
INPUT A6 REF+ 

INPUT A7 REF-

INPUT AS INPUT Al0 

GND INPUT A9 

FN CHIP CARRIER PACKAGE 

(TOP VIEW) 

INPUT A3 4 

INPUT A4 5 
INPUT A5 6 
INPUT A6 7 
INPUT A7 8 
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U 
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2 1 2019 

9 10111213 

roo 
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~ 

18 1/0 CLOCK 

17 DATA IN 

16 DATA OUT 

15 CS 
14 REF+ 

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 anyone 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 p's for the TLC540 and 17 p.s 
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 
current as of publication date. Products conform to 
speCifications per the terms of Texas Instruments 
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TLC540M, TLC5401, TLC541 M, TLC5411 
linCMOS™ 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

functional block diagram 

r'-

1- --- SAMPLE 

REF+ REF-

t t 
8·BIT 

ANALOG·TO·DIGITAL 
CONVERTER 

l- AND 
(SWITCHED-CAPACITORS) 

HOLD f--

ANALOG 
INPUTS 

1-
1- 12-CHANNEL 

<1= ANALOG 
MULTIPLEXER 

I-
-

1- H -
1...-

Y SELF·TEST ~ 
REFERENCE 

8 

I OUTPUT a 
DATA 

INPUT REGISTER 
ADDRESS 
REGISTER 

4 
CONTROL LOGIC 

AND I/O 
COUNTERS 

a·TO·l DATA I ~ 
SELECTOR AND 

DRIVER 

4 

DATA 
OUTPUT 

.... ADDR ESS r INPUT 1 2 
en INPU T I MULTIPLEXER I 

I/O 
CLO CK 

cs 
EM SYST 

CLOCK 

± 

~ 

operating sequence 

I/O 
CLOCK--{ 

11 I 2 1 3 14 I 5 161 7 Is II! 2 I 3 I 4 15 16 I 7 la 
DON'T ~ n J1JL.JULJ1..fLf .. I. tc v Gl' ft-t~ACCESS---...l I.orf-.--SAMPLE---IJl.l 

: (See Not:AI/~' I CYCLE C I I CYCLE C , 
CS-',L 1- ., r-

L-f1------'~~~'"---------.....----.wH(CS)- : 

MSB LSB 
DON'T CARE 

A7 
_ PREVIOUS CONVERSION DATA A--. 
MSB LSB MSB 

(See Note B) 

HI·Z STATE 

MSB LSB 
DON'T CARE 

B7 
_CONVERSION DATA B __ 
MSB LSB MSB 

NOTES: A. The conversion cycle. which requires 36 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. 

2-166 

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·AD) will be clocked out on the first seven I/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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TLC540M, TLC540l, TLC541 M, TLC541 I 
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, Vec (see Note 1) .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage range (any input) . . . . - 0.3 V to Vce + 0.3 V 
Output voltage range. . . . . . . . . . . -0.3 V to Vce + 0.3 V 
Peak input current range (any input) . . . . . . . . . . . . . . . . . . . ± 10 mA 
Peak total input current (all inputs) ........................................ " ± 30 mA 
Operating free-air temperature range: TLC5401, TLC5411 . . . - 40 °e to 85°C 

TLC540M, TLC541M ................. -55°C to 125°C 
Storage temperature range ........................................ . -65°C to 150 0 e 
Case temperature for 10 seconds: FN package .......................... . 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package ...... . 

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

recommended operating conditions 

TLC540 TLC541 

MIN NOM MAX MIN NOM MAX 

Supply voltage. Vee 4.75 5 5.5 4.75 5 5.5 

Positive reference voltage. VREF + (see Note 2l 2.5 VCC VCC+O.l 2.5 VCC VCC+O.l 

Negative reference voltage. VREF _ (see Note 21 -0.1 0 2.5 0.1 0 2.5 

Differential reference voltage. 
1 VCC VCC+0.2 1 VCC VCC+0.2 

VREF+ - VAEF _ (see Note 2) 

Analog input voltage (see Note 21 0 VCC 0 VCC 

High-Jevel control input voltage. VIH 2 2 

Low-level control input voltage, VIL 0.8 0.8 

Setup time, address bits at data input 
200 400 

before 1/0 elK T. tsulA 

Hold time. address bits after 110 CLKt, th(A) 0 0 

Setup time. CS low before clocking in first 
3 3 

address bit. tsu(CS) (see Note 3) 

~ high during conversion. twH(CS) 36 36 

Input/Output clock frequency. fCLK(IIOl 0 2.048 0 1.1 

System clock frequency. fCLK(SYS) fCLK(I/O) 4 fCLKII/O) 2.1 

System clock high. twHISYS) 110 210 

System clock low, twL(SYS) 100 190 

Input/Output clock high. twH(I/Ol 200 404 

Input/Output clock low, twLII/O) 200 404 

fCLK(SYS) '" 1 048 kHz 30 30 
System 

Clock transition time fCLK(SYS) > 1048 kHz 20 20 

(see Note 4) fCLKII/O) '" 525 kHz 100 100 
1/0 

fCLKII/O) > 525 kHz 40 40 

Operating free-air TLC540M. TLC541 M - 55 125 -55 125 

temperature, T A TLC5401. TLC5411 -40 85 -40 85 

260 0 e 
260°C 

UNIT 

V 

V 

V 

V 

V 

V 

V 

ns 

ns 

System 

clock 

cycles 

System 

clock 

cycles 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

°c 

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all "1 "5 (11111111). while input voltages less than that 
applied to REF - convert as ali "0"5 (000000001. 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 VIH min to VIL max or to rise from VIL max to VIH min. In 
the vicinity of normal room temperature. the devices function with input clock transition time as slow as 2 IlS for remote data 
acquisition applications where the sensor and the AID converter are placed several feet away from the controlling microprocessor. 

EI 
C/) ... 
Q) 
Q) 
.s: 
Ul 

CO ... 
CO 
C 

TEXAS ", 
INSTRUMENTS 

2-167 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM 8-BIT ANALOG-TO-OIGITAL 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(I(O) 2.048 MHz for 
TLC540 or fCLK(l/O) = 1.1 MHz for TLC541 

C 
QI ... 
QI 

PARAMETER 

VOH High-level output voltage (pin 16) 

VOL Low-level output voltage 

Off-state (high-impedance state I 
10Z 

output current 

IIH High-level input current 

IlL Low-level input current 

lee Operating supply current 

Selected channel leakage current 

ICC + 'REF Supply and reference current 

l Analog inputs 
ei Input capacitance I Control inputs en 

::r 
CD CD tAli typical values are at T A = 25°e . ... 
CII 

2-168 

TEST CONDITIONS 

Vee = 4.75 V, 10H = 360 ~A 

Vee = 4.75 V, 10L = 1.6 mA 

Vo - Vee, es at Vee 

Vo = 0, es at Vee 

VI = Vee 

VI - 0 

es at 0 V 

Selected channel at Vee, 

Unselected channel at 0 V 

Selected channel at 0 V, 

Unselected channel at Vee 
VREF+ = Vee, es at 0 V 

TEXAS -II} 
INSTRUMENTS 
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MIN Typt MAX 

2.4 

0.4 

10 

-10 

0.005 2.5 

- 0.005 - 2.5 

1.2 2.5 

0.4 1 

-0.4 -1 

1.3 3 

7 55 

5 15 

UNIT 

V 

V 

~A 

~A 

~A 

mA 

~A 

mA 

pF 



TLC54DM. TLC5401. TLC541 M. TLC5411 
LinCMOSTM 8-BIT ANALOG-TO-DiGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

operating characteristics over recommended operating free-air temperature range. 
VCC = VREF+ = 4.75 V to 5.5 V. fCLKII/O) = 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 A 11 address =-= 1011 01111101 10000011 01111101 10000011 
Self-test output code 

ISee Note 8) 1125) 1131) 1125) 1131) 

tconv Conversion time See Operating Sequence 9 17 ~s 

Total access and 
See Operating Sequence 13.3 25 ~s 

conversion time 

liD 
Channel acquisition time 

See Operating Sequence 4 4 clock tacq 
Isample cycle) 

cycles 

Time output data 

tv remains valid after 10 10 ns 

liD clock! 

td 
Delay time, liD clock! 

300 400 ns 
to data output valid 

See Parameter 
ten Output enable time 150 150 ns 

Measurement 
tdis Output disable time 150 150 ns 

Information 
trlbus) Data bus rise time 300 300 ns 

tflbus) Data bus fall time 300 300 ns 

NOTES: 2. Analog input voltages greater than that applied to REF + convert to all "1 "s (11111111), while input voltages less than that 
applied to REF - convert to all "O"s 100000000). 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. 

5, Linearity error is the maximum deviation from the best straight line through the AID 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 log'ie. 
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TLC540M. TLC5401. TLC541 M. TLC5411 
LinCMOS™ B·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

j'.4:kfl 

OUTPUT TEST OUTPUT 
UNDER TEST I 

CL 

I TEST POINT 

3kfl 
"""" 'f, ':m "''"' 

UNDERTEST+ UNDER TEST POINT 

CL CL 
(SEE NOTE AI l' (SEE NOTE A} T 

":" 
(SEE NOTE AI ~ 

(SEE NOTE BI (SEE NOTE BI 

1/0 
CLOCK 

LOAD CIRCUIT FOR 
Id.lr. AND If 

SYSTEM 
CLOCK 

\\ 

LOAD CIRCUIT FOR 
IpZH AND IpHZ 

LOAD CIRCUIT FOR 
IPZL AND IpLZ 

t5~ _____ ::C 
I 
I 
I 
I 
I 

----+I IpZL I+- ---.{ IPLZ ~ 

OUTPUT 
WAVEFORM' 
(SEE NOTE CI 

(SEE NOTE BI 
I ~ : il/ ,.---VCC 

I "\50% I -/"0% 
I \-. ---+I-.J - - - - - ov 

----.I IPZH I+- ~ IpHZ l+-
I I 

OUTPUT f' SOw, \:90% - - - - VOH 
WAVEFORM 2 " 
(SEE NOTE CI _____________ .J .. ____ a V 

VOL TAGE WAVEFORMS FOR ENABLE ANO OISABLE TIMES 

\-- -- -O.8V 
I 
I+-td-+t 

OUTPUT 

,,--------
DATA X----- -24V 

OUTPUT _______ -1 - - - - - - - - -. 0.8 V 

NOTES: 

VOLTAGE WAVEFORM FOR DELAY TIME 

A. CL = 50 pF for TLC540 and 100 pF for TLC541. 

B. len = IpZH or IpZL. Idis = tpHZ or tpLZ' 

VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 

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. 

2-170 TEXAS .." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



principles of operation 

TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

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 
address1- 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 91's, while complete input-conversion-output cycles can be repeated every 13 I's. With 
TLC541 a conversion can be completed in 17 I's, while complete input-conversion-output cycles are repeated 
every 25 I's. 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 I/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. 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 I/O 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 voltage. 

3. Three clock cycles are then applied to the I/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 1/0 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 36 System Clock cycles. After this final I/O Clock cycle, CS must go high or the 
I/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 I/O Clock line. If glitches occur 
on the I/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 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. 
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TLC540M, TLC5401, TLC541 M, TLC5411 
LinCMOS™ 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

principles of operation (continued) 

It is possible to connect the System and liD 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 liD 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 
a CS negative edge, the first two clock cycles will not shift in the address because a low CS must 
be recognized before the liD Clock can shift in an analog channel address. Also, upon shifting in 
the address, CS must be raised after the sixth liD Clock pulse that has been recognized by the 
device, so that a CS low level will be recognized upon the lowering of the eighth liD Clock signal 
that is recognized by the device. Otherwise, additional common clock cycles will be recognized 
as liD 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 liD Clock cycle, the hold function is not initiated until the 
negative edge of the eighth liD Clock cycle. Thus, the control circuitry can leave the liD Clock signal in 
its high state during the eighth liD 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 liD Clock. The control circuitry or software will then immediately lower the liD 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 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 19 INPUTS 

• LinCMOS" Technology 

• a-Bit Resolution AID Converter 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• On-Chip 20-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error, .. ± 0.5 LSB Max 

• Timing and Control Signals Compatible with 
a-Bit TLC540 and 10-Bit TLC1540 AID 
Converter Families 

TYPICAL PERFORMANCE TL545 TL546 

Channel Acquisition Time 1.5 lis 2.7 liS 

Conversion Time 9 ItS 17 MS 

Sampling Rate 76 x 103 40 x 103 

Power Dissipation 6mW 6 mW 

description 

The TLC545 and TLC546 are linCMOS" A/D 
peripherals built around an 8-bit switched­
capacitor successive-approximation AID 
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, I/O Clock, Chip 
Select (CS), and Address Input). 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 anyone of 19 inputs or an internal 
"self-test" voltage, and a sample-and-hold that 
can operate automatically or under 
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) 

LinCMOS is a trademark of Texas Instruments Incorporated 
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N DUAL-IN·LlNE PACKAGE 

(TOP VIEWI 

INPUT AO VCC 
INPUT Al SYSTEM CLOCK 
INPUT A2 I/O CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 
INPUT A5 CS 
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INPUT A7 REF -

INPUT A8 !NPUT A18 
INPUT A9 INPUT A17 

INPUT Al0 INPUT A16 
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GND INPUT A13 
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TLC545M. TLC5451. TLC545C. TLC546M. TLC5461. TLC546C 
LinCMOS™ 8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 

conversion in 9 p.s for the TLC545. and 17 p's for the TLC546. over the full operating temperature range. 
Detailed information on interfacing to most popular microprocessors is readily available from the factory. 

The TLC545M and the TLC546M are characterized for operation from - 55°C to 125°C. The TLC5451 
and the TLC5461 are characterized for operation from - 40°C to 85 °C. The TLC545C and the TLC546C 
are characterized for operation from OOC to 70°C. 

functional block diagram 
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TlC545M. TlC5451. TlC545C. TlC546M. TlC5461. TlC546C 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 19 INPUTS 

operating sequence 

I/O 
CLOCK--{ 

1'12131415161718 
OON'T ~f ,,:4 tconv ----.: +---ACCESS---": ~SAMPLE""': 

I (See Note AI/~I I CYCLE C I I CYCLE C I 
CS-, : 1_ .., .--

'-I~.' -------------'---.wHICSI-1 1----------------1 
IS •• Not. CI 
MSB LSB MSB LSB DON'T 

DON'TeARE ~ CARE 
r---'-'---"'---'''-----f~~------'''= 

HI·Z STATE 

A7 
4------ PREVIOUS CONVERSION DATA A----JIi>' 

B7 
_~-CONVERSION DATA B_ 

MW ~MW MSB LSB MSB 

(See Note B) 

NOTES: A. The conversion cycle, which requires 36 system clock periods, is initiated with the 8th 110 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 (A6-AQ) will be clocked out on the first seven 110 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) ...................................... _ . . . . .. 6.5 V 
Input voltage range (any input) ................................. -0.3 V to VCC +0.3 V 
Output voltage range ....................................... " -0.3 V to VCC +0.3 V 
Peak input current range (any input) ..................................... . . .. ± 10 mA 
Peak total input current (all inputs) ...................................... . . .. ± 30 mA 
Operating free-air temperature range: TLC545M, TLC546M .... , ............ -55°C to 125°C 

TLC5451, TLC5461 . . . . . . . . . . . . . . . . . . .. -40°C to 85°C 
TLC545C, TLC546C . . . . . . . . . . . . . . . . . . . .. ooC to 70°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: N package ............ 260°C 

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

II 
I/) ... 
Q) 
Q) 
.c 
(J) 

CO ... 
CO 
C 
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TLC545M. TLC5451. TLC545C. TLC546M. TLC5461. TLC546C 
LinCMOSTM 8-BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 

recommended operating conditions 

TLC545 
MIN NOM 

Supply voltage, VCC 4.75 5 

Positive reference voltage, Vref+ Isee Note 3) 0 Vee 
Negative reference voltage, Vref _ Isee Note 2) -0.1 0 

Differential reference voltage, V ref + - V ref _ Isee Note 2) 0 Vee 
Analog input voltage Isee Note 2) 0 

High-level control input voltage, VIH 2 

Low-level control input voltage, VIL 

Setup time, address bits at data input before I/O ClKt, tsulA) 200 

Address hold time, th 0 

Setup time, CS low before clocking in first 

address bit, tsulCS) Isee Note 3) 
3 

Chip select high during conversion, twHICS) 36 

Input/Output clock frequency, fClKII/Oi 0 

System clock frequency, fClKISYSI feLKJI/QL 
System clock high, twHISYS) 110 

System clock low, twLISYSI 100 

Input/Output clock high, twHIl/OL 200 

Input/Output clock low, twLII/O) 200 

System fCLKISYSI '" 1 048 kHz 
Clock transition time fCLKISYSI > 1048 kHz 
Isee Note 4) 

I/O fCLKIIIO) '" 525 kHz 

fCLK(I/O) > 525 kHz 

TLC545M, TLC546M -55 

Operating free-air temperature, T A TLC5451, TLC5461 -40 

TLC545e, TLC546C 0 

TlC546 
MAX MIN NOM MAX 

UNIT 

5.5 4.75 5 5.5 V 

Vee+ O.1 0 Vee Vee+ 0.1 V 

VCC -0.1 0 VCC V 

Vee+ 0.2 0 Vee Vee+ 0.2 V 

VCC 0 VCC V 

2 V 

0.8 0.8 V 

400 ns 

0 ns 

System 

3 clock 

cycles 

System 

36 clock 

cycles 

2.048 0 1.1 MHz 

4 feLKII/O) 2.1 MHz 

210 ns 

190 ns 

404 ns 

404 ns 

30 30 

20 20 
ns 

100 100 
ns 

40 40 

125 -55 125 

85 -40 85 °c 
70 0 70 

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all "1 "s (11111111), while input voltages less than that 
applied to REF- convert as all "O"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 VIH min to VIL max or to rise from VIL max to VIH min. In 
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2IA-s for remote data 
acquisition applications where the sensor and the AID converter are placed several feet away from the controlling microprocessor. 

2-176 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TlC545M, TlC5451. TlC545C, TlC546M, TlC5461, TlC546C 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL 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(IIO) = 2.048 MHz for TLC545 
or fCLK(l/O) = 1.1 MHz for TLC546 

PARAMETER TEST CONDITIONS MIN Typt MAX 

VOH High-level output voltage (pin 24) Vee = 4.75 V, IOH = -360 p.A 2.4 

VOL Low-level output voltage Vee = 4.75 V, IOL = 3.2 rnA 0.4 

10Z 
Off-state (high-impedance state) Vo = Vee, es at Vee 10 

output current Vo = 0, es at Vee -10 

IIH High-level input current VI = Vee 0.005 2.5 

IlL Low-level input current VI = 0 -0.005 -2.5 

lee Operating supply current es at 0 V 1.2 2.5 

Selected channel at Vee, 
0.4 1 

Unselected channel at 0 V 
Selected channel leakage current 

Selected channel at 0 V, 
-0.4 -1 

Un selected channel at Vee 

lee + 'ref Supply and reference current Vref+ = Vee, es at 0 V 1.3 3 

ei 
I Analog inputs 7 55 

Input capacitance I Control inputs 5 15 

t All typical values are at T A = 25°e. 

operating characteristics over recommended operating free·air temperature range, 
VCC = Vref + = 4.75 V to 5.5 V, fCLK(l/O) = 2.048 MHz for TLC545 or 1.1 MHz for 
TLC546, fCLK(SYS) = 4 MHz for TLC545 or 2.1 MHz for TLC546 

TLC545 TLC546 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Linearity error See Note 5 ±0.5 ±0.5 

Zero error See Note 6 +0.5 +0.5 

Full-scale error See Note 6 ±0.5 ±0.5 

Total unadjusted error See Note 7 ±0.5 ±0.5 

Input A 19 address ~ 10011 01111101 10000011 01111101 10000011 
Self-test output code 

ISee Note 8} 1125} 1131} 1125} 1131} 

teonv Conversion time See Operating Sequence 9 17 

Total access and 
See Operating Sequence 13 25 

conversion time 

Channel acquisition 
See Operating Sequence 3 3 tacq time (sample cycle) 

Time output data 

tv remains valid after 10 10 

liD clock! 

Delay time, 1/0 clock! 
300 400 td 

to data output valid 
See Parameter 

ten Output enable time 150 150 
Measurement 

tdis Output disable time 150 150 
Information 

tr(bus} Data bus rise time 300 300 

tflbus} Data bus fall time 300 300 

NOTES: 5. Linearity error is the maximum deviation from the best straight line through the AID transfer characteristics. 

UNIT 

V 

V 

p.A 

p.A 

p.A 

rnA 

p.A 

rnA 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

~s 

~s 

liD 

clock 

cycles 

ns 

ns 

ns 

ns 

ns 

ns 

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 A 19 analog input s;gnal is internally generated 

and is used for test purposes. 

EI 
I/) ... 
Q) 
Q) 
J: 
CJ) 

ctI ... 
ctI 
C 
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TLC545M. TLC5451. TLC545C. TLC546M. TLC5461. TLC546C 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT 

UNDER TEST 1 
CL 

O"~"' 'f,':mro,,, 
UNDERTEST+ 

CL 

j1A:kn 

OUTPUT TEST (SEE NOTE A) ~ 

I TEST POINT 

3kn 
(SEE NOTE A) ~ 

UNDER TEST POINT 

~ CL l1(li (SEE NOTE A) l' 
(SEE NOTE B) (SEE NOTE B) 

LOAD CIRCUIT FOR LOAD CIRCUIT FOR 

tpZH AND tPHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

1/0 
CLOCK 

SYSTEM 
CLOCK 

.f. VCC 

~50% 
~------OV 
1 
1 
I 
1 

I 1 

-+I tpZL 14- ~ tPLZ j4-
1 I I 

OUTPUT -----------71-"''\1 1 y.:: VCC 

WAVEFORM 1 (SEE NOTE B) 1 50% 1 H)"A; 
(SEE NOTE C) 1 .... ___ "I~-J _____ 0 V 

-+l tPZHI+- -+I tPHZ 14-
I I 

W~~;:~~M2 _____________ JV50% t 9oi" - ---VoOv
H 

(SEE NOTE C) T' ~ 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

\-- -- -O.8V 
I 
~td-+t 

OUTPUT 

DATA Xl ----------2.4V 

OUTPUT ---------.O.8V _____ ...J 

NOTES: 

2-178 

VOLTAGE WAVEFORM FOR DELAY TIME 

A. CL = 50 pF for TLC545 and 100 pF for TLC546 

B. ten = tpZH or tpZL. tdis = tPHZ or tPLZ 

VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 

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 ex'cept when disabled by the output control. 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



principles of operation 

TlC545M. TLC5451. TLC545C. TLC546M. TLC5461. TLC546C 
LinCMOSTM 8-BIT ANALOG-TO-DiGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 19 INPUTS 

The TLC545 and TLC546 are both complete data acquisition systems on single chips_ Each includes such 
functions as system clock, sample-and-hold, B-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, I/O 
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 p's respectively, while complete input-conversion-output cycles 
can be repeated at a maximum of 13 and 25 p's, respectively. 

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 high-impedance condition, and the Address Input and I/O 
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 control sequence is: 

1. CS is brought low. To minimize errors caused by noise atthe 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/O 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 1/0 pin and the 7th and Bth conversion bits are shifted 
out on the negative edges of these clock cycles. 

4. The finalBth 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 I/O clock cycle, CS must go high or the I/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 I/O Clock line. If glitches occur 
on the 1/0 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. 
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 19 INPUTS 

principles of operation (continued) 

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 I/O 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 I/O clock signal recognized by the device. Otherwise, additional common clock cycles will 
be recognized as I/O 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 I/O clock cycle. Thus, the control circuitry can leave the I/O clock signal in its high state 
during the 8th I/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 I/O clock. The control 
circuitry or software must then immediately lower the I/O 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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• linCMOS'· Technology 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• 8-Bit Resolution A/D Converter 

• Differential Reference Input Voltages 

• Conversion Time . . . 17 P.s Max 

• Total Access and Conversion Cycles Per Second 
TLC548 , . , up to 45,500 
TLC549 , .. up to 40,000 

• On-Chip Software-Controllable Sample-and-Hold 

• Total Unadjusted Error ... ±0.5 LSB Max 

• 4-MHz Typical Internal System Clock 

• Wide Supply Range , .. 3 V to 6 V 

• Low Power Consumption, . , 6 mW Typ 

TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DlGITAL 
PERIPHERAL WITH SERIAL CONTROL 

D2816, NOVEMBER 1983-REVISED OCTOBER 1988 

o DR P PACKAGE 

(TOP VIEWI 

REF+[]8 VCC 
ANALOG IN 2 7 110 CLOCK REF- 3 6 DATA OUT 

GND 4 5 CS 

• Ideal for Cost-Effective, High-Performance Applications Including Battery-Operated Portable 
Instrumentation 

• Pinout and Control Signals Compatible with the TLC540 and TLC545 8-Bit A/D Converters and with 
the TLC1540 10-Bit A/D Converter 

~escription 

The TLC548 and TLC549 are LinCMOSm AID 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 I/O clock input frequency of the TLC548 is guaranteed up to 2.048 MHz, and the I/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 I/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 p.s. 

The TLC548M and TLC549M are characterized for operation over the teniperature range of - 55°C 
to 125°C. The TLC5481 and TLC5491 are characterized for operation from - 40°C to 85 °C. The TLC548C 
and TLC549C are characterized for operation from OOC to 70°C. 

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 
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TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG· TO·DIGIT AL 
PERIPHERAL WITH SERIAL CONTROL 

functional block diagram 

REF+ 

REF-

ANALOG 
INPUT 

(1) 

(3) 

(2) SAMPLE 
AND 

HOLD 

I 
l 
I 

I INTERNAL ~ 
SYSTEM 
CLOCK 

cs 
110 CLOCK 

(5) 

(7) 

operating sequence 

I 

8-BIT 
ANALOG-TO-

OIGITAL 
CONVERTER 
(SWITCHED-

;-- CAPACITORS) 

I 
'--

CONTROL 
LOGIC 
AND 

OUTPUT 
COUNTER 

8 

-+- 8 
OUTPUT S-TO-l DATA 

DATA -+- SELECTOR ..J!!... 
REGISTER AND 

- ;-- DRIVER 

-

111213141516171s 1112131415161718 
I/O ~ DON'T~_ 

CLOCK :..- ACCESS -.: 1.- SAMPLE ~ Iconv ~ :' ~ ACCESS ---.l I SAMPLE I 
lou(CS)~ CYCLE B CYCLE B (See Nole A) ~ CYCLE C ~ CYCLE C .... 

I loulCS) 

DATA 
OUTPUT 

CS""l...,: I :~< r 
I _twHICS)----+t • 
I I 
I I 

DATA I HI-Z STATE I 

OUT!"' I I 
I II 87 
I If--PREVIOUS CONVERSION DATA A---.! I __ CONVERSION DATA B------.\ 

len~ MSB LSB MSB ten-.j ~SB LSB MSB 
(See Nole B) 

NOTES: A. The conversion cycle, which requires 36 internal system clock periods (17 P.s maximum), is initiated with the 8th 110 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 CS is brought low. The remaining seven 
bits IA6-AO) will be clocked out on the first seven I/O clock falling edges. 87-80 will fallow in the same manner. 
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TLC54B. TLC549 
LinCMOS™ B-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) ............................... . . . . . . . . . . . . .. 6.5 V 
Input voltage range at any input. . . . - 0.3 V to VCC + 0.3 V 
Output voltage range ....................................... " -0.3 V to VCC+ 0.3 V 
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 

TLC5481, TLC5491 . -40°C to 85°C 
TLC548C, TLC549C ........... ooc 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 

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. 

2. The 0 package is not recommended below -40°C. 

recommended operating conditions 

TLC548 TLC549 

MIN NOM MAX MIN NOM 
UNIT 

MAX 

Supply voltage, Vee 3 5 6 3 5 6 V 

Positive reference voltage, VREF + (see Note 31 2.5 Vce VCC+ O.1 2.5 VCC VCC+O.l V 

Negative reference voltage. VREF _ (see Note 3) 0.1 ° 2.5 0.1 ° 2.5 V 

Differential reference voltage, VREF +, VREF _ (see Note 31 1 VCC VCC+O.2 1 VCC VCC+O.2 V 

Analog input voltage (see Note 3) 0 VCC 0 VCC V 

High-level control input voltage, VIH (for VCC = 4.75 V to 5.5 VI 2 2 V 

Low-level control input voltage, VIL {for Vee - 4.75 V to 5.5 VI 0.8 0.8 V 

Input!output clock frequency, feLKII!OI 
0 2.048 0 1.1 MHz 

(for Vee = 4.75 V to 5.5 VI 

Input!output clock high, twH(I!OI (for Vee = 4.75 V to 5.5 VI 200 404 ns 

Input!output clock low, twL(I!OI (for Vee 4.75 V to 5.5 VI 200 404 ns 

Input/output clock transition time, tt(I/O) (see Note 4) 
100 100 ns 

(for VCC = 4.75 V to 5.5 VI 

Duration of CS input high state during conversion, twH(CS) 

(for VCC = 4.75 V to 5.5 VI 
17 17 ~s 

Setup time, CS low before first I/O clock, tsu(CS) 

(for VCC = 4.75 V to 5.5 VI (see Note 51 
1.4 1.4 ~s 

I TLC548M, TLC549M -55 125 -55 125 

Operating free-air temperature, T A I TLC5481. TLC5491 -40 85 -40 85 ·C 

I TLC548C, TLC549C 0 70 ° 70 

NOTES: 3. Analog input voltages greater than that applied to REF + convert to all ones (111111111, while input voltages less than that 
applied to REF - 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 VREF _. In addition, unadjusted errors may increase as the differential 
reference voltage VREF+ - VREF- falls below 4.75 V. 

4. This is the time required for the input/output clock input signal to fall from VIH min to VIL max or to rise from VIL max to 
VIH min. In the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 ,.,.5 
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 CS 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 ten and tsu(CS) 
specifications. 

EI 
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TLC548, TLC549 
linCMOSTM 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 

electrical characteristics over recommended operating free-air temperature range. 
VCC = VREF + = 4.75 V to 5.5 V (unless otherwise noted). fCLK(I!O) = 2.048 MHz for TLC548 
or 1.1 MHz for TLC549 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage Vee = 4.75 V, 10H = -360 ~A 2.4 V 

VOL Low-level output voltage Vee = 4.75 V, 10L = 3.2 mA 0.4 V 

10Z 
Off-state (high-impedance Va = Vce, CS at Vee 10 

V 
state) output current Va = 0, CS at Vee -10 

IIH High-level input current, control inputs VI = Vee 0.005 2.5 ~A 

IlL low-level input current, control inputs VI = 0 -0.005 -2.5 ~A 

Analog channel on-state input Analog input at Vee 0.4 1 
I1(0n) 

current, during sample cycle Analog input at 0 V -0.4 - 1 
~A 

lee Operating supply current es at 0 V 1.8 2.5 mA 

Ice + IREF Supply and reference current VREF+ = Vee 1.9 3 mA 

T Analog inputs 7 55 
ei Input capacitance I Control inputs 5 15 

pF 

operating characteristics over recommended operating free-air temperature range. 
VCC = VREF + - 4.75 V to 5.5 V (unless otherwise noted). fCLK(IIO) '" 2.048 MHz for TLC548 
or 1.1 MHz for TLC549 

TlC548 TlC549 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

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 

teonv Conversion time See Operating Sequence 8 17 12 17 ~s 

Total access and conversion time See Operating Sequence 12 22 19 25 ~s 

Channel acquisition time 
I/O 

tacq See Operating Sequence 4 4 clock 
(sample cycle) 

cycles 

tv 
Time output data remains 

10 10 ns 
valid after I/O clock I 

td 
Delay time to data 

I/O clock! 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 

tAli typicals are at Vee = 5 V, TA = 25°e. 
NOTES: 6. Linearity error is the deviation from the best straight line through the AID 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. 

2-184 TEXAS. 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TLC548, TLC549 
LinCMOSTM 8·BIT ANALOG·TO·DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 

PARAMETER MEASUREMENT INFORMATION 

00""' r·om • 

OUTPUT 
UNDER TEST 1 

CL 

I TEST POINT 

3kH 

0""", r .:,~ "'". 
UNDERTEST+ 

CL 

UNDER TEST + POINT 

CL 
(SEE NOTE AI l' 

(SEE NOTE AI-;r 

(SEE NOTE BI 

(SEE NOTE AI-;r 

(SEE NOTE BI 

LOAD CIRCUIT FOR 

td.tr.ANDtf 
LOAD CIRCUIT FOR 

tpZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

1/0 
CLOCK 

~ . ~---------------------VCC 

cs i" ... 5_0_% ____________________ 50..J% L _ _ _ _ _ _ _ _ _ _ _ _ ° V 

I I 

OUTPUT 
WAVEFORM 1 
ISEE NOTE CI 

OUTPUT 
WAVEFORM 2 
(SEE NOTE CI 

!+--tPZL--.! j+- tPLZ----../ 
------:--------__ '"\ 1_ VCC I I VCC 

i \50% : ¥;" __ ----VOL 

j+--tPZH--! I 

tr50-%----------.....:.:----------,~ 90%- - - - - VOH 

_______ ....J. r--- tpHZ --i '- ° V 

(SEE NOTE BI 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

\- - -- -O.8V 

I 
OUTPUT 

~td~ 

DATA Xl ----------2.4V 

OUTPUT ----------O.BV _____ ..J 

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

NOTES: A. CL ~ 50 pF for TLC548 and 100 pF for TLC549; CL includes jig capacitance. 

B. ten ~ IpZH or tpZL. tdis ~ tpHZ or 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. 
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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: 110 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 p,s or less, while complete input-conversion-output cycles can be repeated 
in 22 p,s for the TlC548 and in 25 p,s for the TlC549. 

The internal system clock and 110 clock are used independently Clnd 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 
110 clock. In this manner, the internal system clock drives the "conversion crunching" circuitry 50 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 110 clock pin is disabled. This 
CS control function allows the 110 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 CSl before the transition 
is recognized. However, upon a CS rising edge, DATA OUT will go to a high-impedance state within 
the tdis specification even though the rest of the IC's circuitry will not recognize the transition until 
the tsu(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 110 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-Iow transition of the 110 Clock. The sampling operation basically involves the charging 
of internal capacitors to the level of the analog input voltage. 

3. Three more 110 clock cycles are then applied to the 110 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 110 clock pin. The on-chip sample-and-hold begins the 
hold function upon the high-to-Iow 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 110 clock 
cycle, CS must go high or the 110 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 110 Clock line. If glitches occur on the 110 Clock line, the 
I/O sequence between the microprocessor/controller and the device will lose synchronization. If CS 
is taken high, it must remain high until the end of conversion. Otherwise, a valid high-to-Iow 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 
LinCMOSTM 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-Iow transition of the 4th I/O clock cycle, the hold function does not begin until the high-to-Iow 
transition of the 8th I/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-Iow transition of the 8th 
I/O clock pulse. The control circuitry or software will then immediately lower the I/O 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. 
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TLC0820A, TLC0820~ ADC0820~ ADC0820C 
Advanced LinCMOSTM HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

• Advanced LinCMOS'· Silicon-Gate 
Technology 

• 8-Bit Resolution 

• Differential Reference Inputs 

• Parallel Microprocessor Interface 

• Conversion and Access Time Over 
Temperature Range 

Write-Read Mode ... 1.18 /LS and 1.92 /LS 

Read Mode ... 2.5 ,.S Max 

• No External Clock or Oscillator Components 
Required 

• On-Chip Track-and-Hold 

• Low Power Consumption ... 50 mW Typ 

• Single 5-V Supply 

• TLC0820B is Direct Replacement for 
National Semiconductor ADC0820B/BC and 
Analog Devices AD7820L/C/U; 
TLC0820A is Direct Replacement for 
National Semiconductor ADC0820C/CC and 
Analog Devices AD7820K/B/T 

description 

The TLC0820A, TLC0820B, ADC0820B, and 
ADC0820C are Advanced LinCMOS'" 8-bit 
analog-to-digital converters each consisting of 
two 4-bit "flash" converters, a 4-bit digital-to­
analog converter, a summing (error) amplifier, 
control logic, and a result latch circuit. The 
modified "flash" technique allows low-power 
integrated circuitry to complete an 8-bit 
conversion in 1.18 /LS 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//Ls 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. 

02873. SEPTEMBER 1986 - REVISED FEBRUARY 1989 

ALL TYPES ... OW OR N PACKAGE 
TLCOB20_M ... J PACKAGE 

(TOP VIEWI 

ANLG IN Vee 
(LSB) DO Ne 

01 OFLW 
02 07 (MSB) 

03 06 
WA/AOY 05 

MODE D4 
AD es 
INT AEF+ 

GND AEF-

TLCOB20_M ... FK PACKAGE 
TlCOB20_1. TLCOB20_C ... FN PACKAGE 

AOC0820_CI. AOC0820_C ... FN PACKAGE 

(TOP VIEW) 

3 2 1 20 19 

18 

17 

16 

15 

8 14 

9 10 11 12 13 

NC ~ No internal connection 

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

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1986, Texas Instruments Incorporated 

If) .... 
Q) 
Q) 

.r:. 
en 
ctI .... 
ctI 
C 

PRODUCTION DATA documants contain information 
currant as of publication data. Products conform to 
specifications per the terms of Taxas Instruments 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

AVAILABLE OPTIONS 

SVMBOLIZA TlONt OPERATING TOTAL 

DEVICE 
PACKAGE TEMPERATURE UNADJUSTED 

SUFFIX RANGE ERROR 

TLC0820AC OW. FN. N OOC to 70°C ± 1 LSB 

TLC0820AI OW. FN. N -40°C to 85°C ±1 LSB 

TLC0820AM OW. FK. J. N -55°C to 125°C ± 1 LSB 

TLC0820BC OW. FN. N OOC to 70°C ±O.5 LSB 

TLC0820BI OW. FN. N -40°C to 85°C ±O.5 LSB 

TLC0820BM OW. FK. J. N - 55°C to 125°C ±O.5 LSB 

AOC08208C OW. FN. N OOC to 70°C ±O.5 LSB 

AOC08208CI OW. FN. N -40°C to 85°C ±O.5 LSB 

AOC0820CC OW. FN. N OOC to 70°C ±1 LSB 

ADC0820CCI OW. FN. N -40°C to 85°C ± 1 LSB 

t In many instances. these ICs may have both TLC0820 and ADC0820 labeling 
on the package. 

~ functional block diagram 
CD 
CD 
r+ 
en 
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REF+ 

REF-

ANLG IN 

MODE 

WR/RDV 

cs 
RD 

(121 

(11) 

E - -1 
(1) 

+1 

(7) 

(6) 

(13) 

(B) 

~ 

~ I--

'-

'---

4-BIT FLASH 
ANALOG-TO- 4 4 

DIGITAL 
CONVERTER 

(4 MSBs) 

4 

4-BIT 
DIGITAL-

TO-ANALOG ~ 

CONVERTER 

4-BIT FLASH 
ANALOG-TO-

DIGITAL 
4 

CONVERTER 
(4 LSBs) 
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r-J!!!!. 
r--£L 
r----E!. 
~ 
~ 

~ 

~ 

~ 

...J.!2l.. 

~ 

OFLW 

DO (LSB) 

01 

02 

03 

04 

05 

06 

07 (MSB) 

DIGITAL 
OUTPUTS 



PIN 

NAME NUMBER 

ANLG IN 1 

es 13 

DO 2 

Dl 3 

D2 4 

D3 5 

D4 14 

D5 15 

D6 16 

D7 17 

GND 10 

INT 9 

MODE 7 

Ne 19 

OFLW 18 

RD 8 

REF- 11 

REF+ 12 

Vee 20 

WR/RDY 6 

TLCD82DA. TLCD82DB. ADCD82DB. ADCD82DC 
Advanced LinCMOS™ HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

DESCRIPTIDN 

Analog input 

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

Three-state data output, bit 1 (LSBI 

Three-state data output, bit 2 

Three-state data output. bit 3 

Three-state data output, bit 4 

Three-state data output, bit 5 

Three-state data output, bit 6 

Three-state data output, bit 7 

Three-state data output, bit 8 (MSB) 

Ground 

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. td(int) is typically 800 ns starting after the rising 

edge of the WR input (see operating characteristics and Figure 3), If AD goes low prior to the end of td(int). 

INT goes low at the end of tdRIL and the conversion results are available sooner (see Figure 2). INT is reset by the 

rising edge of either RD or CS. 

Mode-selection input. It is internally tied to GND through a 50-IlA 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. 

No internal connection 

Normally the OFLW output is a logical high. However. jf the analog input is higher than the VREF +, OFLW 

will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution 19 

or 10-bits). 

In the WRITE-READ mode with CS low, the 3-state data outputs DO through 07 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 ROY output going into the high-impedance state and 

INT going low indicates completion of the conversion. 

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

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

Power supply voltage 

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, td(int), 

provided that the RD input does not go low prior to this time. td(int) is approximately 800 ns. 

In the READ mode, ROY (an open-drain outputl will go low after the falling edge of C$, 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. 

EI 
I/) ... 
Q) 
Q) 
.c 
CJ) 

CO ... 
CO 
C 
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TLC0820A. TLC0820~ ADC0820~ ADC0820C 
Advanced LinCMOS'" HIGH-SPEED 8-BIT ANALOG-TO-DlGlTAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

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

I 
C m ... 
m 

Supply voltage, Vee (see Note 1) 

Input voltage range, all inputs (see Note 1) 

Output voltage range, all outputs (see Note 11 

Operating free-air temperature range 

Storage temperature range 

Case temperature for 60 seconds: FK package 

ease temperature for 10 seconds: FN package 

Lead temperature ',6 mm (1/16 inch) from case 

for 60 seconds: J package 

Lead temperature 1,6 mm (1/16 inch) from case 

for 10 seconds: DW or N package 

en NOTE 1: All voltages are with respect to network ground terminal, pin 10. 
:::r 
~ recommended operating conditions 

TLC0820_M 

10 

-0.2 to 

Vee+ 0 .2 

-0.2 to 

Vee+ O.2 

- 55 to 125 

-65 to 150 

260 

300 

260 

TLC0820_1 TLC0820_C 

ADC0820_CI ADC0820_C 

10 10 

-0.2 to -0.2 to 

Vee+ 0 .2 Vee+ O.2 

-0.2 to -0.2 to 

Vee+ 0 .2 Vee+ 0 .2 

-40 to 85 o to 70 

-65 to 150 -65 to 150 

260 260 

260 260 

... 
en 

TLC0820_M 
TLC0820_1 TLC0820_C 

ADC0820_CI ADC0820_C 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 
Supply voltage, Vee 4.5 5 8 4.5 5 8 4.5 5 8 

Analog input voltage -0.1 Vee+ O.1 -0.1 Vee+ O.1 -0.1 Vee+O.1 

Positive reference voltage, VREF + VREF- Vee VREF- Vee VREF- Vee 
Negative reference voltage, VREF- GND VREF+ GND VREF+ GND VREF+ 

High-level inpu Vee = 4.75 V es, WR/RDY, RD 2 2 2 

voltage, VIH to 5.25 V MODE 3.5 3.5 3.5 

Low-level input Vee = 4.75 V es, WR/RDY, RD 0.8 0.8 0.8 

voltage, VIL to 5.25 V MODE 1.5 1.5 1.5 

Delay to next conversion, td(Ne) 

(see Figures 1, 2, 3, and 4) 
500 500 500 

Delay time from WR to RD in write-read mode, 
0.4 0.4 0.4 

tdWR (see Figure 2) 

Write-pulse duration in write-read mode, tww 
(see Figures 2, 3, and 4) 

0.5 50 0.5 50 0.5 50 

Operating free-air temperature, T A -55 125 -40 85 0 70 
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TLC0820A. TLC0820B. ADC0820B. ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

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

PARAMETER 

VOH High-level output voltage 

VOL Low-level output voltage 

IIH High-level input current 

IlL Low-level input current 

Off-state (high-impedance 
10Z 

state) output current 

II Analog input current 

lOS Short-circuit output current 

Rre! Reference resistance 

ICC Supply current 

Cj Input capacitance 

Co Output capacitance 

t All typical values are at T A 25°C. 

TEST CONDITONS 

Vee = 4.75 V, 

Any D, INT, or OFLW 
10H = - 360 ~A 

Vee = 4.75 V, 

10H = -10 ~A 

Any D, OFLW, INT, Vee = 5.25 V, 

or WR/RDY 10L = 1.6 rnA 

es or RD 

WR/RDY 
VIH = 5 V 

MODE 

es, WR/RDY, RD, 
VIL = 0 

or MODE 

Vo = 5 V 

Any D or WR/RDY 

Vo = a 

es at 5 V, 

VI = 5 V 

es at 5 V, 

VI = a 
Any D, OFLW, INT, 

or WR/RDY 
Vo = 5 V 

Any D or OFLW 

Vo = a 
INT 

es, WR/RDY, 

and RD at a V 

Any digital 

ANLG IN 

Any digital 

TEXAS ~ 
INSTRUMENTS 

Full range 

Full range 

25°C 

Full range 

25°C 

Full range 

Full range 

25°C 

Full range 

25°C 

Full range 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

Full range 
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MIN Typt 

2.4 

4.5 

4.6 

0.005 

0.1 

50 

-0.005 

0.1 

-0.1 

7 

804 14 

-6 

-7.2 -12 

-4.5 

-5.3 -9 
1.25 

104 2.3 

7.5 

5 

45 

MAX 

004 

0.34 

1 

3 

0.3 

200 

170 

-1 

3 

0.3 

-3 

-0.3 

3 

0.3 

-3 

-0.3 

6 

5.3 

15 

13 

5 

UNIT 

V 

V 

~A 

~A 

~A 

~A 

rnA 

k(l 

rnA 

pF 

pF 

CI) ... 
Cl) 
Cl) 
.c 
(J) 

CO ... 
CO 
C 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

operating characteristics. Vee = 5 V. VREF + = 5 V. VREF­
(unless otherwise noted) 

O. tr 

TLC0820B 

PARAMETER TEST CONDITIONS ADCOB20B 

MIN TYP MAX 

kSVS 
Supply voltage 

sensitivity 
VCC = 5V ± 5%,TA = MIN to MAX ±1/16 ±1/4 

Total unadjusted error t MODE pin at 0 V, TA = MIN to MAX 1/2 

Read mode 
MODE pin at 0 V, See Figure 1 1.6 2.5 tconvR conversion time 

Internal count- MODE pin at 5 V, CL = 50 pF, 
td(int) 800 1300 

down delay time See Figures 3 and 4 

taR Access time from RD.i MODE pin at 0 V, See Figure 1 tconvR tconvA 

+20 +50 

MODE pin at 5 V, CL = 15 pF 190 280 

taRl Access time from RDI tdWR < td{int), 
See Figure 2 

CL = 100 pF 210 320 

MODE pin at 5 V, CL = 15 pF 70 120 

taR2 Access time from RDI tdWR > td(intl 
See Figure 3 

CL = 100 pF 90 150 

taiNT Access time from INT! MODE pin at 5 V, See Figure 4 20 50 

!dis Disable time from ROt 
RL = 1 kll, CL = 10 pF, 

See Figures 1, 2, 3, and 5 
70 95 

tdRDY 
Delay time from MODE pin at 0 V, 

CSI to RDYI See Figure 1 

CL = 50 pF, 
50 100 

tdRIH 
Delay time from CL = 50 pF, 

125 225 
ROt to INTI See Figures 1, 2, and 3 

tdRIL 
Delay time from MODE pin at 5 V, 

RDI to INTI See Figure 2 
tdWR < td(int), 

200 290 

tdWIH 
Delay time from MODE pin at 5 V, 

WRt to INTI See Figure 4 

CL = 50 pF, 
175 270 

Slew rate tracking 0.1 

t Total unadjusted error includes offset, full-scale, and linearity errors. 
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tf 20 ns. TA 

TLC0820A 

ADC0820C UNIT 

MIN TYP MAX 

±1/16 ±1/4 LSB 

1 LSB 

1.6 2.5 ~s 

800 1300 ns 

tconvR tconvR ns 
+20 +50 

190 280 

210 320 
ns 

70 120 

90 150 
ns 

20 50 ns 

70 95 ns 

50 100 ns 

125 225 ns 

200 290 ns 

175 270 ns 

0.1 V/~s 



TLC0820A. TLC0820B. ADC0820B. ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

PARAMETER MEASUREMENT INFORMATION 

cs } .... _______ ! \ , 
"-----

I 

WR/ROY 

\ ____ ...Jf \~ __ 
I /4-tdINCI......j 

I ~II ~ I 
I\~. -:-__ ~,.-WITH fXTERNAL PULL-UP 

~ IiftdROY -+f r,:tdRIH 

: \ 1/---
j4--tconvR---.j I 

00-07 ------t.=t~R~ ~ 't~i~-----
FIGURE 1. READ MODE WAVEFORMS (MODE PIN LOW) 

;:;:l--+! ---
cs :\ l ______ \~-----I.C 

WR/ROY -v------.~E:"~-_-J-,T,­

tdWR ~ ~I" tdiNCI-.j 

RO I ~~--­
I tdRIL"" t4- I 
I I I I 

INT I 1L...if 
tdlintl 14 I ~ --.j j.- tdRIH 

00-07 --------~{ I }---
taR'-+! I-- I I 

-+I !4--- tdis 

FIGURE 2_ WRITE·READ MODE WAVEFORMS 
[MODE PIN HIGH AND tdWR < td(int)l 

twwH 
WR/ROY ~I----L----}'----

~tdiNCI 

~tdWR~ 1 ~tdRIH 
I =n I 
I+-tdlintl---.j I I 

00-07 --------------1< I f­
taR2 ---.II-- ~ tdis !.--

FIGURE 3_ WRITE-READ WAVEFORMS 
[MODE PIN HIGH AND tdWR > td(int)l 

CSLOW--------------

FIGURE 4. WRITE·READ MODE WAVEFORMS 
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW) 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DIGITAL 
CONVERTERS USING MODIFIED "FLASH" TECHNIOUES 

PARAMETER MEASUREMENT INFORMATION 

TLC0820 
Vcc CL = 10 pF 

OR .....,t'j4-
ADC0820 _ VCC - -,- 90% 

INPUT RD DATA RD I 50% 
On 

OUTPUT 110% 
CS GND I 

GND ~tdisl+-

CL 1 kO VOH I 
DATA ~ 

OUTPUTS 
GND 

-=- tr = 20 ns 

VCC CL = 10 pF 

TLCOB20 -+it,!+-
OR VCC~ 

ADCOB20 1 kO 
_ I 90% 
RD I 50% 

INPUT RD GND 110% DATA 
On OUTPUT I 

CS ~tdis I+-

GND VCC I 

CL DATA ~ 
OUTPUTS 10% 

VOL 

t r =20ns 

-= 
On = DO ... 07 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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TLC0820A, TLC0820B, ADC0820B, ADC0820C 
Advanced LinCMOSTM HIGH·SPEED 8·BIT ANALOG·TO·DlGITAL 

CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

PRINCIPLES OF OPERATION 

The TLC0820A, TLC0820B, ADC0820B and ADC0820C each employ a combination of "sampled-data" 
comparator techniques and "flash" techniques common to many high-speed converters. Two 4-bit "flash" 
analog-to-digital conversions are used to give a full 8-bit output. 

The recommended analog input voltage range for conversion is - 0.1 V to VCC + 0.1 V. Analog input signals 
that are less than VREF _ + % 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 p's 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-n~ad 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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TLC0820A. TLC0820B. ADC0820B. ADC0820C 
Advanced LinCMOSlM HIGH-SPEED 8·BIT ANALOG· TO·DIGIT AL 
CONVERTERS USING MODIFIED "FLASH" TECHNIQUES 

TYPICAL APPLICATION DATA 

~es (13) cs 
WR 

Vee 
(20) 
-5V 
(1) (6) 

WR/ROY ANLG ANLGIN 

~ 
IN 

J~ RO 

DO (2) 
DO MODE 

(7) 
f---5V 

01 (3) 
01 

(12) 
REF+ fo. I'P 02 (4) 

02 
BUS 03 (5) 

03 
04 (14) 

04 

5V 

1 jlF 

05 (15) (11) 
05 REF-

to. 06 (16) 
06 

07 (17) 
07 

08 

OFL (18) (10) 

~ OFLW GNO 

~ 
'"\. 

I~> 
(13) (20) 

es Vee r-5V 
(6) 

WR/ROY ANLG 
(1) 

IN 

~ RO 

(2) (7) 
DO MODE 1--5 V 

(3) 
01 REF+ 

(12) 

(4) 
02 1 0.1jl (5) 
03 

""~ "" I (14) 
04 

(15) 
05 

(16) 
06 

~:'": (17) 
07 

(18) (10 
OFLW GNO 

F 

FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION 
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TLC 1540M, TLC 15401, TLC 1541 M, TLC 15411 
LinCMOS™ 1 O-BIT ANALOG-TO-DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

• LinCMOS'· Technology 

• 10-Bit Resolution AID Converter 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... 
TLC1540: ±O.5 LSB Max 
TLC1541: ±1.0 LSB Max 

• Pinout and Control Signals Compatible with 
TLC540 and TLC549 Families of B-Bit AID 
Converters 

TYPICAL PERFORMANCE 

Channel Acquisition Sample Time 5,5 ~s 

Conversion Time 21 ~s 

Samples per Second 32 x 103 

Power Dissipation BmW 

description 

The TLC 1 540 and TLC 1 541 are LinCMOS'· AID 
peripherals built around a 10-bit, switched­
capacitor, successive-approximation, AID 
converter, They are designed for serial interface 
to a microprocessor or peripheral via a three­
state output with up to four control inputs 
[including independent System Clock, 110 Clock, 
Chip Select (CS), and Address Input], A 
2.1-megahertz system clock for the TLC1540 
and TLC 1541, with a design that includes 
simultaneous readlwrite operation, allows high-
speed data transfers and sample rates of up to 
32,258 samples per second. In addition to the 

02859, DECEMBER 1985-REVISED JANUARY 1988 

J OR N DUAL-IN-LlNE PACKAGE 

(TOP VIEWI 

INPUT AO VCC 
INPUT A1 SYSTEM CLOCK 
INPUT A2 I/O CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 

INPUT A5 CS 
INPUT A6 REF+ 

INPUT A7 REF-

INPUT AS INPUT A10 
GND INPUT A9 

FK OR FN CHIP CARRIER PACKAGE 

(TOP VIEWI 

INPUT A3 4 
INPUT A4 
INPUT A5 
INPUT A6 
INPUT A7 

5 

6 

8 

" U 
0 
...J 

N ~O U 
<{ <{<{ :i! 
l- I- I- w 
:l :l:l ul/i Il. Il.Il. u>-
~ ~~ >UJ 

3 2 1 20 19 

910111213 

000 
<{z 
1-(;) 
:l 
Il. 
~ 

18 I/O CLOCK 
17 

16 

15 

14 

ADDRESS INPUT 

DATA OUT 

CS 
REF+ 

high-speed converter and versatile control logic, there is an on-chip 12-channel analog multiplexer that 
can be used to sample anyone 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 TLC 1540 and TLC 1541 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 
TLC 1540, ± 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 

Copyright © 1985, Texas Instruments Incorporated 
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TLC1540M. TLC15401. TLC1541M. TLC15411 
LinCMOSTM 1 O-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

functional block diagram 
REF+ REF-

t t 
10-BIT r'-

ANALOG-TO-DIGITAL r---- SAMPLE 

ANALOG 
INPUTS 

-
--
- 12-CHANNEL - ANALOG - MULTIPLEXER --
- ++-1 -

.... ~ 

Y SELF-TEST,j 
REFERENCE 

AND 
HOLD 

INPUT 
ADDRESS 
REGISTER 

4 

CONVERTER 

r-- (SWITCHED-CAPACITORSI 

10 

I OUTPUT 10 
DATA 

REGISTER 

CONTROL LOGIC 
AND 110 

COUNTERS 

10-TO-1 DATA I ~ 
SELECTOR AND 

DRIVER 

4 

DATA 
OUTPUT 

(J) 
::r 
CD 
CD r+ ADORE SS J INPUT I 2 
en INPU T I MULTIPLEXER I 

1/0 
CLO CK 

CS 

EM SYST 
CLOCK 

t 

operating sequence 

1 1 1 2 1 3 1 4 1 5 1 6 I 7 I 8 I 9 1'0 1 1 1 2 1 3 I 
I/O 

CLOCK---{ U_-'=~,ttr;-=-::--;;D~0~N~'T0~ 
- tl'. tconv -----.: I4-ACCESS---': 

_ I ~~I I eyelEC I 

cS4~f-':==--='-___________ -'~'WHICSI IL-----------------JI 
(See Note C) r 

MSB LS8 MSB LSB 
ADDRESS ,~ DON'T CARE 

INPUT--f, ~I----------'''''-'-'-;:;.;;-'''----{~-----< 
DON'T CARE 

NOTES: 

2-200 

A9 
~ PREVIOUS CONVERSION DATA--. 
MSB lSB MSB 

(See Note S) 

HI-Z STATE 

A. The conversion cycle, which requires 44 System Clock periods, is initiated on the 10th falling edge of the 110 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 44 System Clock cycles to allow conversion to be completed. 

B. The most significant bit (MSBI will automatically be placed on the DATA OUT bus after CS is brought low_ The remaining 
nine bits (A8-AOI will be clocked out on the first nine 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 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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TLC 1540M, TLC 15401, TLC 1541 M, TLC 15411 
LinCMOSTM 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, Vee (see Note 1) ....................... . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to Vee + 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to Vec + 0.3 V 
Peak input current range (any input) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Peak total input current (all inputs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Operating free-air temperature range: TLC15401, TLC15411 . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 

TLC1540M, TLC1541 M . . . . . . . . . . . . . .. - 55°C to 125°C 
Storage temperature range ......................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
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 .......... 300 0 e 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package. . . . . . . . .. 260°C 

NOTE 1: All voltage values are with respect to digital ground with REF - and GND wired together (unless otherwise noted). 
CI) .... 
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TLC 1540M, TLC 15401, TLC 1541 M, TLC 15411 
LinCMOS™ 1 O·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

recommended operating conditions 

Supply voltage, V CC 

Positive reference voltage, VREF + (see Note 21 

Negative reference voltage, VREF _ (see Note 2) 

Differential reference voltage, VRI;:F + - VREF- (see Note 21 

Analog input voltage (see Note 21 

High-level control input voltage, VIH 

Low-level control input voltage, V'l 
Setup time, address bits before I/O CLK!, tsu(AI 

Hold time, address bits after I/O CLK!, th(AI 

Setup time, CS low before clocking in first address bit, tsu(CS) (see Note 3) 

CS high during conversion, twH(CS) 

Input/Output clock frequency, fCLKOIO) 

System clock frequency, fCLK(SYS) 

System ciock high, twH(SYSI 

System ciock low, twl(SYS) 

Input/Output clock high, twH(I/OI 

Input/Output clock low, twLOIO) 

fCLK(SYS) " 1048 kHz 
Clock transition time 

System 
fCLK(SYS) > 1048 kHz 

(see Note 4) 
I/O fCLK(I/O) " 525 kHz 

fCLK(I/O) > 525 kHz 

Operating free~air TLC1540M, TLC1541M 

temperature, T A TLC1540l, TLC15411 

TLC1540, TLC1541 
UNIT 

MIN NOM MAX 

4.75 5 5.5 V 

2.5 VCC VCC+ O.1 V 

0.1 0 2.5 V 

1 VCC VCC+O.2 V 

0 VCC V 

2 V 

0.8 V 

400 ns 

0 ns 

System 

3 clock 

cycles 

System 

44 clock 

cycles 

0 1.1 MHz 

fCLK(I/OI 2.1 MHz 

210 ns 

190 ns 

404 ns 

404 ns 

30 

20 
ns 

100 

40 
ns 

55 125 
°c 

-40 85 

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all 1'1 "s (11111111)f while input voltages less than that 
applied to REF - convert as all "O"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. 

2-202 

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 VIH min to VIL max or to rise from VIL max to VIH 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 AID converter are placed several feet away from the controlling 
microprocessor. 
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TLC1540M, TLC15401, TLC1541M, TLC15411 
LinCMOSTM 10·BIT ANALOG·TO·DlGITAL 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(IIO) = 1.1 MHz, fCLK(SYS) = 2.1 MHz 

PARAMETER TEST CONDITIONS MIN Tvpt MAX UNIT 

VOH High-level output voltage (pin 16) Vee ~ 4.75 V, IOH ~ 360 ~A 2.4 V 

VOL Low-level output voltage Vee - 4.75 V, IOL - 3.2 rnA 0.4 V 

IOZ 
Off-state (high-impedance statel Vo ~ Vee, es at Vee 10 

~A 
output current Vo ~ 0, es at Vee -10 

IIH High-level input current VI - Vee 0.005 2.5 ~A 

IlL Low-level input current VI - 0 -0.005 -2.5 ~A 

lee Operating supply current es at 0 V 1.2 2.5 mA 

Selected channel at Vee, 
0.4 1 

Selected channel leakage current 
Unselected channel at 0 V 

Selected channel at 0 V, 
~A 

-0.4 -1 
Unselected channel at Vee 

lee + IREF Supply and reference current VREF+ ~ Vee, es at 0 V 1.3 3 mA 

ei Input capacitance 
I Analog inputs 7 55 

I Control inputs 5 15 
pF 

t All typical values are at Vee ~ 5 V, TA ~ 25°e. 
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TLC 1540M, TLC 15401, TLC 1541 M, TLC 15411 
LinCMOSTM 10·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

operating characteristics over recommended operating free-air temperature range. 
VCC = VREF+ = 4.75 V to 5.5 V. fCLKII/OI '" 1.1 MHz. fCLK(SYSI = 2.1 MHz 

PARAMETER TEST CONDITIONS MIN 

Linearity error 
TLC1540 

TLC1541 
See Note 5 

Zero error 
TLC1540 

TLC1541 
See Notes 2 and 6 

Full-scale error 
TLC1540 

TLC1541 
See Notes 2 and 6 

Total unadjusted error 
TLC1540 

TLC1541 
See Note 7 

MAX 

±0.5 

±1 

±0.5 

±1 

±0.5 

±1 

±0.5 

± 1 

0111110100 1000001100 
Self-test output code Input A 11 address ~ 1011 (See Note 8) 

(500) (524) 

teenv Conversion time See Operating Sequence 21 

Total access and conversion time See Operating Sequence 31 

tacq Channel acquisition time (sample cycle) See Operating Sequence 6 

tv 
Time output data remains valid 

10 
after 110 clock! 

td 
Oelay time. 110 clock! 

400 
to data output valid 

See Parameter 
ten Output enable time 150 

Measurement 
tdis Output disable time 150 

Information 
tr(bus) Data bus rise time 300 

tflbus) Data bus fall time 300 

UNIT 

LSB 

LSB 

LSB 

LSB 

~s 

~s 

110 

clock 

cycles 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: 2. Analog input voltages greater than that applied to REF + convert to all "1"5 111111111). while input voltages less than that 
applied to REF - convert to all"O"s 100000000), 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. 

2-204 

5. linearity error is the maximum deviation from the best straight line through the AID 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 A 11 analog input signal is internally generated 

and is used for test purposes. 
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TLC1540M, TLC15401, TLC1541M, TLC15411 
linCMOSTM 10·81T ANALOG·TO·DlGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

VCC j1.4:
kll 

OUTPUT TEST OUTPUT 

UNOERTEST 1 
CL 

I TEST POINT 

3kll 

O"~~ ! ":m """' 
UNOERTEST+ UNOER TEST POINT 

CL CL 
(SEE NOTE All' (SEE NOTE AI ~ (SEE NOTE AI ~ 

(SEE NOTE BI (SEE NOTE BI 

1/0 
CLOCK 

LOAO CIRCUIT FOR 

td.tr. ANO tf 

SYSTEM 
CLOCK 

LOAO CIRCUIT FOR 

tpZH ANO tPHZ 

LOAD CIRCUIT FOR 

tpZL AND tPLZ 

'-5~ _____ ::C 
I 
I 
I 
I 

I I 
--.l tpZL 14- ~ tPLZ ~ 

OUTPUT 
WAVEFORM 1 
(SEE NOTE CI 

(SEE NOTE BI 

II I t:1 ----VCC 

II \150% II I 
I ,\.., ___ +-I_..I10~ _ - - - ov 

---.I tpZH 14-- ~ tPHZ ~ 
I I 

W~~::~~M 2 _____________ --1 '150% t9~ - - - - VoOv
H 

(SEE NOTE CI T' ""--= 
VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

\- - -- -O.8V 

I 
I+-td--+l 

OUTPUT 

,r-------
OATA X---- 24V 

OUTPUT _______ ...J - - - - - - - --- 0.8 V 

VOLTAGE WAVEFORM FOR OELAY TIME 

NOTES: A. CL = 50 pF 

B. ten = tpZH or tpZL. tdis = tpHZ or tpLZ· 

VOLTAGE WAVEFORM FOR 
RISE ANO FALL TIMES 

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. 
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TLC1540M. TLC15401. TLC1541M. TLC15411 
LinCMOSTM 10-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

principles of operation 

The TLC1540 and TLC1541 are complete data acquisition systems on single chips. Each includes such 
functions as sample-and-hold, 10-bit AID converter, data and control registers, and control logic. For 
flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, 
I/O 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 TLC 1540 and TLC 1541 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 1/0 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 AID devices when additional TLC 1540/1541 
devices are used. In this way, the above feature serves to minimize the required control logic pins when 
using mUltiple AID 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 1/0 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 1/0 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 1/0 Clock line. If glitches occur 
on the 1/0 Clock line, the 1/0 sequence between the microprocessorlcontroller 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. 
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principles of operation (continued) 

TLC1540M, TLC15401, TLC1541M, TLC15411 
LinCMOSTM 10-BIT ANALOG-TO-DiGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

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 I/O 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 
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 eighth I/O Clock that has been recognized by the device, 
so that a CS low level will be recognized upon the lowering of the tenth I/O Clock signal that is 
recognized by the device. Otherwise, additional common clock cycles will be recognized as I/O 
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 I/O Clock cycle. Thus, the control circuitry can leave the I/O Clock signal in 
its high state during the tenth I/O Clock cycle until the moment at which the analog signal must be converted. 
The TLC 1540/TLC 1541 will continue sampling the analog input until the tenth falling edge of the I/O 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, TLC40161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

• High Degree of linearity 

• High On-Off Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Low On-State Impedance ... 50 n Typ at 
VCC ~ 9 V 

• Individual Switch Controls 

• Extremely Low Input Current 

description 

The TLC4016 is a silicon-gate CMOS quadruple 
analog switch designed to handle both analog 
and digital signals. Each switch permits signals 
with amplitudes up to 12 V 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, 
modulatiDn or demodulation (modem), and signal 
multiplexing for analog-to-digital and digital-to­
analog conversion systems. 

The TLC4016M is characterized for operation 
from - 55 DC to 125 DC, and the TLC40161 is 
characterized from - 40 DC to 85 DC. 

logic diagram (positive logic) 

c 

D2922. JANUARY 1986-REVISED OCTOBER 1988 

TLC4016M ... J OR N PACKAGE 
TLC40161 ... 0 OR N PACKAGE 

(TOP VIEW I 

1A VCC 
18 1C 
28 4C 
2A 4A 
2C 48 
3C 38 

GND 3A 

logic symbol t 

lC 

lA 

2C 

2A 

3C 

3A 
4C 

4A 

(131 

(11 

(51 

(41 

(61 

(81 

(121 

(111 

n 

n 

n 

n 

Xl n 
1 

(21 
18 

1 

n (31 
28 

n (91 
38 

n (101 
48 

t This symbol is in accordance with ANSIIIEEE Std 91 1984 and 
lEe Publication 617·12. 
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TLC4016M, TLC40161 
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) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - O. 5 V to 15 V 
Control-input diode current (VI < 0 or VI > VCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
I/O port diode current (VI < 0 or VI/a > Vcc) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
On-state switch current (Vila = 0 to VCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Continuous current through VCC or GND pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 50 mA 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. see Dissipation Rating Table 
Operating free-air temperature range: TLC4016M .................. . . . . .. - 55°C to 125°C 

TLC40161 .......................... -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 
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 - B50C TA - 125°C 
PACKAGE 

POWER RATING ABOVE TA - 25°C POWER RATING POWER RATING POWER RATING 

0 950 mW 7.6 mW/oe 608 mW 494 mW N/A 

J 1375 mW 11.0mW/oe 880 mW 715 mW 275 mW 

N 1150 mW 9.2 mW/oC 736 mW 598 mW 230 mW 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vee 2t 5 12 V 

1/0 port voltage, VIIO 0 Vec V 

Vee = 2 V 1.5 Vee 
Vee = 4.5 V 3.15 Vee 

High-level input voltage, VIH V 
Vee = 9 V 6.3 Vee 

Vee = 12 V 8.4 Vee 

Vee = 2 V 0 0.3 

Vee - 4.5 V 0 0.9 
Low-level input voltage, VIL V 

Vee = 9 V 0 1.8 

Vee = 12 V 0 2.4 

Vee = 2 V 1000 

Input rise time, tr Vee = 4.5 V 500 ns 

Vee = 9 V 400 

Vee = 2 V 1000 

Input fall time, tf Vee = 4.5 V 500 ns 

Vee = 9 V 400 

TLe4016M -55 125 
°e Operating free-air temperature, T A 

TLe40161 -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. 
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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 TLC40161 
PARAMETER TEST CONDITIONS VCC Typt Typt UNIT 

MIN MAX MIN MAX 

IS = 1 rnA. 4.5 V 100 220 100 200 

VA = 0 to Vee. 9V 50 120 50 105 

See Figure 1 12 V 30 100 30 85 
On-state switch 

rSon IS = 1 rnA. 
2V 120 240 120 215 II 

resistance 

VA = 0 or Vee. 
4.5 V 50 120 50 100 

9V 35 80 35 75 
See Figure 1 

12 V 20 70 20 60 

On-state switch VA = 0 to Vee. 
4.5 V 10 20 10 20 

9V 5 15 5 15 II 
resistance matching See Figure 1 

12 V 5 15 5 15 

VI = 0 or Vee 2V ±1 ±1 

II Control input current VI - 0 or Vee. to ~A 

TA = 25°e 6V ±0.1 ±0.1 

5.5 V ±10 ±600 ±10 ±600 
Off-state switch Vs = ±Vee. 

ISoff 9V ±15 ±800 ±15 ±800 nA 
leakage current See Figure 2 

12 V ±20 ±1000 ±20 ± 1000 

5.5 V ±10 ± 150 ±10 ±150 

ISon 
On-state switch VA = 0 or Vee. 

±200 ±200 9V ±15 ±15 nA 
leakage current See Figure 3 

12 V ±20 ±300 ±20 ±300 

5.5 V 2 40 2 20 

lee Supply current 
VI = 0 or Vee. 

9V 8 160 8 80 ~A 
10 = 0 

12 V 16 320 16 160 

A or 8 2 V to 15 15 
ei Input capacitance 

e 12 V 5 10 5 10 
pF 

ef 
Feedthrough 

capacitance 
A to B VI = 0 

2 V to 

12 V 
5 5 pF 

t All typical values are at T A = 25°e. 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

switching characteristics over recommended operating free-air temperature range, CL = 50 pF (unless 
otherwise notedl 

TlC4016M 
PARAMETER TEST CONDITIONS VCC Typt MIN MAX 

2V 25 75 

Propagation delay time, 4.5 V 5 15 
tpd 

A to B or B to A 
See Figure 4 

9 V 14 4 

12 V 3 13 

2V 32 150 

Switch turn-on time 
RL ~ 1 kll, 4.5 V 8 30 

ton 
See Figures 5 and 6 9V 6 18 

12 V 5 15 

2 V 45 252 

RL ~ 1 kll, 4.5 V 15 54 
toff Switch turn-off time 

See Figures 5 and 6 9 V 10 48 

12 V 8 45 

Switch cutoff frequency 4.5 V 100 
fco 

Ichannel loss ~ 3 dBI 9V 120 

VOCFIPPI 
Control feedtbrough voltage 

See Figure 7 4.5 V 350 
to any switch, peak to peak 

Frequency at which crosstalk 

attenuation between any two See Figure 8 4.5 V 1 

switches equals 50 dB 

t All typical values are at T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

VI ~ VCC C Xl 

Vcc 

TEST 
SWITCH 

1 B 

FIGURE 1. TEST CIRCUIT FOR ON-STATE RESISTANCE 

VCC 

VI - 0 C Xl 
TEST 

SWITCH 

Vs ~ VA - VB 

CONDITION 1: V A ~ 0, VB ~ VCC 
CONDITION 2: VA ~ VCC' VB - 0 

B 

TlC40161 

MIN Typt 

25 

5 

4 

3 

32 

8 

6 

5 

45 

15 

10 

8 

100 

120 

1 

FIGURE 2. TEST CIRCUIT FOR OFF-STATE SWITCH LEAKAGE CURRENT 

UNIT 
MAX 

62 

13 
ns 

12 

11 

125 

25 
ns 

15 

13 

210 

45 
ns 

40 

38 

MHz 

350 mV 

MHz 
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TLC4D16M. TLC4D161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VCC 

Cr----~--., 
Xl 

A 1 

TEST 
SWITCH 

1 B 

FIGURE 3. TEST CIRCUIT FOR ON·STATE SWITCH LEAKAGE CURRENT 

VI 
A OR B 

C Xl 

VI A OR B 1 

VCC 

TEST 
SWITCH 

'-------' 

TEST CIRCUIT 

B OR A 
Vo 

~50PF 

IrO-%-----~\I-~ n __ -::' 

-----~ I 1 
I 1 
~tpd tpd 14 ~I 

I I 
I I 

B~~A ________ _J~~. ~:~" 
VOLTAGE WAVEFORMS 

FIGURE 4. PROPAGATION DELAY TIME. SIGNAL INPUT TO SIGNAL OUTPUT 
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TLC4016M. TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

VI 

Vo 

PARAMETER MEASUREMENT INFORMATION 

C Xl 

A 

VCC 

1 kll 

TEST 
SWlfCH 
11 OF 4) 

.-:B'--..... - ... -VO 

J 50PF 

TEST CIRCUIT 

I:,..Oo/.-o--------------~~ -u u - u,,, 

-----' I I OV 

14 .1 ton - tpZL toff = tpLZ 14 .1 
1 I 

-----~\... !/" .", 
\,-, _______________ -.;;r}10~ __ --VOL 

VOLTAGE WAVEFORMS 

FIGURE 5. SWITCHING TIME (tPZL, tPLZ), CONTROL TO SIGNAL OUTPUT 
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TLC4016M. TLC40161 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

c~--..l---..., 
Xl 

A 

TEST CIRCUIT 

Vcc 

VI ----..Jt: ___ " 
I 
I4--+t- Ion - IPZH 

I 
I VOH 

Vo _______ JL _____ . " 
VOLTAGE WAVEFORMS 

FIGURE 6. SWITCHING TIME (tpZH, tPHZI. CONTROl TO SIGNAL OUTPUT 
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TLC4016M, TLC40161 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VCC 

X1 TEST 
SWITCH Vo 
11 OF 4) 

150 PF 
600 n 

-= 
TEST CIRCUIT 

J90% 
VI __________ ~10~%~~ i 

I4--*-t, 

"%~ -- - - - -----, 

i, \ _10% 
I OV 

I4--+t- tl 

~------f 

Vo-------------t ___________________ ~I" 
VOLTAGE WAVEFORMS 

FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 

VCC 

X1 TEST 
SWITCH V01 

VI-...... ----f--f 11 OF 4) 

600 n 
X2 TEST -= 

SWITCH 2 V02 

2 11 OF 4) 

J50PF 

600 II 

-= -= 

NOTE: ADJUST I lor aX = V02 = 50 dB. 

VOl 

FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT 
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TLC4066M. TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

• High Degree of Linearity 

• High On-Off Output Voltage Ratio 

• Low Crosstalk Between Switches 

• Low On-State Impedance ... 30 n Typ at 
VCC = 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 12 V 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 TLC40661 is 
characterized from - 40°C to 85 °C. 

logic diagram (positive logic) 

c 

02922. JANUARY 1986-REVISED OCTOBER 1988 

TlC4066M ... J OR N PACKAGE 
TlC40661 ... 0 OR N PACKAGE 

ITOP VIEWI 

1A VCC 
1B 1C 
2B 4C 
2A 4A 
2C 4B 
3C 3B 

GND 3A 

logic symbol t 

lC 

lA 

2C 

2A 

3C 

3A 

4C 

4A 

(131 

(11 

(51 

(41 

(6) 

(8) 

112) 

111) 

n 

n 

n 

n 

n Xl (21 
1 lB 

1 

n (3) 
2B 

n (9) 
3B 

n 110) 
4B 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
lEe Publication 617-12. 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

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

Supply voltage range (see Note 1) ................................... " -0.5 V to 15 V 
Control-input diode current (VI < 0 or VI > VCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
I/O port diode current (VI < 0 or VI/O > VCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
On-state switch current (V I/O = 0 to VCC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Continuous current through VCC or GND pins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 50 mA 
Continuous total dissipation .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. see Dissipation Rating Table 
Operating free-air temperature: TLC4066M ............................. -55°C to 125°C 

TLC40661 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -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 
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 

PACKAGE TA " 25·C DERATING FACTOR TA - 70·C TA - B5·C TA - 125·C 
POWER RATING ABOVE TA - 25·C POWER RATING POWER RATING POWER RATING 

D 950 mW 7.6 mWloe 608 mW 494 mW NIA 

J 1375 mW 11.0 mWloe 880 mW 715 mW 275 mW 

N 1150mW 9.2 mWloe 736 mW 598 mW 230 mW 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. Vee 2t 5 12 V 

110 port voltage. V,IO a Vee v 
Vee = 2 V 1.5 Vee 
Vee = 4.5 V 3.15 Vee 

High-level input voltage, V,H V 
Vee = 9 V 6.3 Vee 
Vee = 12 V 8.4 Vee 

Vee = 2 V a 0.3 

Low-level input voltage, V,L 
Vee = 4.5 V a 0.9 

V 
Vee = 9 V a 1.8 

Vee = 12V a 2.4 

Vee = 2 V 1000 

Input rise time, tr Vee = 4.5 V 500 n. 

Vee = 9 V 400 

Vee = 2 V 1000 

Input fall time. tf Vee = 4.5 V 500 ns 

Vee = 9 V 400 

TLe4066M -55 125 
Operating free~air temperature, T A ·e 

TLe40661 -40 85 

tWith supply voltages at or near 2 V, the analog switch on·5tate resistance becomes very nonlinear. It is recommended that only digital 
signals be transmitted at these low supply voltages. 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER 
TLC4066M TLC40661 

TEST CONOITIONS VCC Typt Typt 
UNIT 

MIN MAX MIN MAX 

Is = 1 rnA, 4.5 V 100 220 100 200 

VA = 0 to Vee, 9V 50 110 50 105 

See Figure 1 12 V 30 90 30 85 
On-state switch 

rSon 2V 120 240 120 215 [J 
resistance IS = 1 rnA, 

4.5 V 50 120 50 100 
VA = o or Vee, 

9V 35 80 35 75 
See Figure 1 

12 V 20 70 20 60 

4.5 V 10 20 10 20 
On-state switch VA = OtoVee, 

9V 5 15 5 15 [J 
resistance matching See Figure 1 

12 V 5 15 5 15 

2V 

" 
Control input current VI = 0 or Vee or ±1 ±1 ~A 

6V 

5.5 V ±10 ±600 ±10 ±600 
Off-state switch Vs = ±Vee, 

ISoft 9V ±15 ±800 ±15 ±800 nA 
leakage current See Figure 2 

12 V ±20 ± 1000 ±20 ±1000 

5.5 V ±10 ±150 ±10 ± 150 
On-state switch VA = OorVee, 

ISon 9V ±15 ±200 ±15 ±200 nA 
leakage current See Figure 3 

12 V ±20 ±300 ±20 ±300 

5.5 V 2 40 2 20 

lee Supply current 
VI = 0 or Vee, 

9V 8 160 8 80 ~A 
10 = 0 

12 V 16 320 16 160 

A or B 2 V to 15 15 
ei Input capacitance 

e 12 V 5 10 5 10 
pF 

Feedthrough 2 V to 
ef A to B VI = 0 5 5 pF 

capacitance 12 V 

t All typical values are at T A = 25°C. 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

switching characteristics over recommended operating free-air temperature range. CL - 50 pF (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS Vcc 
MIN 

TLC4066M 
Typt MAX 

2V 25 75 

Propagation delay time, 
See Figure 4 

4.5 V 5 15 
tpd 

A to B or B to A 9V 12 4 

12 V 3 13 

2V 32 150 

RL ~ 1 kIt 4.5 V B 30 
ton Switch turn-on time 

See Figures 5 and 6 6 18 9V 

12 V 5 15 

2V 45 252 

RL ~ 1 kIt 4.5 V 15 54 
toff Switch turn-off time 

See Figures 5 and 6 9V 10 48 

12 V 8 45 

Switch cutoff frequency 4.5 V 100 
fco 

120 (channel loss ~ 3 dB) 9V 

VOCF(PP) 
Control feedthrough voltage 

to any switch, peak to peak 
See Figure 7 4.5 V 350 

Frequency at which crosstalk 

attenuation between any two See Figure 8 4.5 V 1 

switches equals 50 dB 

t All typical values are at T A ~ 25 DC. 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

VI ~ VCC 
C 

Xl 
TEST 1 

B 

A 1 
SWITCH 

VA ';' 

+--IS 

FIGURE 1. TEST CIRCUIT FOR ON-STATE RESISTANCE 

VCC 

VI ~ 0 C Xl 
TEST 

SWITCH 

Vs - VA - VB 

CONDITION 1: VA - O. VB = VCC 
CONDITION 2: VA = VCC. VB = 0 

B 

TLC40661 

MIN Typt 

15 

5 

4 

3 

32 

8 

6 
5 

45 

15 

10 

8 

100 

120 

1 

FIGURE 2. TEST CIRCUIT FOR OFF-STATE SWITCH LEAKAGE CURRENT 

MAX 
UNIT 

30 

13 
ns 

10 

11 

125 

25 

15 
ns 

13 

210 

45 

40 
ns 

38 

MHz 

350 mV 

MHz 
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TLC4066M. TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMA nON 

VCC 

VI ~ VIH 
C 

Xl 
TEST B 

A 1 
SWITCH 

VA 

FIGURE 3. TEST CIRCUIT FOR ON-STATE SWITCH LEAKAGE CURRENT 

C Xl 

VI A OR B 

VI 
A OR B 

VCC 

TEST 
SWITCH 

TEST CIRCUIT 

B OR A 
Vo 

*50 PF 

IrO-%------""\\I-.:. -m _::' 

_____ --J
I 

, 

I , 
I4-----.r- tpd tpd '4 ~I 

I I 
I I 

B ~~ A _______ --'l" ~::" 
VOLTAGE WAVEFORMS 

FIGURE 4. PROPAGATION DELAY TIME. SIGNAL INPUT TO SIGNAL OUTPUT 
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TLC4066M, TLC40661 
SILlCON·GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

VI 

Vo 

PARAMETER MEASUREMENT INFORMATION 

C X1 

A 

VCC 

1 kU 

TEST 
SWITCH 
11 OF 4) 

j..=B:....... ..... - ... - VO 

J 50PF 

TEST CIRCUIT 

;'"O%---------------...... k: ------uV" 

----' I I OV 

14 ~I ton ~ tpZL toff = tpLZ 14 ~I 
I I 

------~"",. I - V" 

\\.., _______________ ......:Ik n-Voc 

VOLTAGE WAVEFORMS 

FIGURE 5. SWITCHING TIME {tPZL. tPLZI. CONTROL TO SIGNAL OUTPUT 
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TLC4066M. TLC40661 
SILlCON·GATE CMOS OUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VCC 

C ...... ---'----... 
X1 

A 

TEST CIRCUIT 

-----.. -------vcc 

~, " 
I 

to,,-tpHZ~ 
I 

~
I-----VOH 

90% 

,OV 

VOLTAGE WAVEFORMS 

FIGURE 6. SWITCHING TIME (tpZH. tPHZI. CONTROL TO SIGNAL OUTPUT 
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TLC4066M. TLC40661 
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH 

PARAMETER MEASUREMENT INFORMATION 

VCC 

Xl TEST 
SWITCH 
(1 OF 41 

1-.... --4t--VO 

TEST CIRCUIT 

jf90% 

VI ___________ 1~0~%~~ ! . 
~tr 

90%~ -- - - - - - - - - V 

! \10% I I "---------------0 V 
~tl vo--t ~-----:L, 

- ____________________ 1 
VOLTAGE WAVEFORMS 

FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE 

VCC 

Xl TEST 
SWITCH VOl 

VI - .... ----+---1 11 OF 41 
600 n 

600 n X2 TEST ':' 

SWITCH 2 V02 

2 (1 OF 41 

150 PF 
600 Ii 

':' ':' ':' 

NOTE: ADJUST I lor aX = V02 = 50 dB. 

VOl 

FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES. TEST CIRCUIT 
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• Advanced LinCMOSm Silicon-Gate 
Technology 

• Easily Interfaced to Microprocessors 

• On-Chip Data Latches 

• Monotonic over the Entire AID Conversion 
Range 

• Segmented High-Order Bits Ensure Low­
Glitch Output 

• Designed to be Interchangeable with Analog 
Devices AD7524. PMI PM-7524. and Micro 
Power Systems MP7524 

• Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 
with TMS320 

KEY PERFORMANCE SPECIFICATIONS 

Resolution 8 Bits 

Linearity error Y, LSB Max 

Power dissipation 

at VOO ~ 5 V 
5 mW Max 

Settling time 100 ns Max 

Propagation delay 80 ns Max 

description 

TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 

DIGITAL-TO-ANALOG CONVERTER 
03008. SEPTEMBER 1986-REVISEO OCTOBER 1988 

o OR N PACKAGE 

(TOP VIEW) 

QUT1 
QUT2 

GND 

DB7 

DB6 

DB5 

DB4 

DB3 

4 

6 

8 

FN PACKAGE 

(TOP VIEW) 

N 

!:i!:iu rEtt 
OOza:a: 

RFB 
REF 

VDD 
WR 
CS 
DBO 

DB1 

DB2 

3 2 1 20 19 

9 10 11 12 13 

18 VDD 

17 WR 
16 NC 
15 CS 

14 DBO 

NC - No internal connection 

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 
Y, 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 TLC75241 is characterized for operation from - 25°C to 85 °C. and the TLC7524C is characterized 
for operation from OOC to 70°C. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1986, Texas Instruments Incorporated 
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PRODUCTION DATA duc.ments cuntain information 
current as of publicatioo date. Products conform to 
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TLC7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 
DIGITAL·TO·ANALOG CONVERTER 

functional block diagram 

VDD 

1, 14) 

REF 
115) R R // R 

112) 

I 113) 
CS 

WR 

2R 

'!y 
I 
I 

I 

1(4) 

DB7 
IMSB) 

" 
2R 2R 

/1 S-2 

:1 'iY 
) I 
I , 
I I 

/, 

DATA LATCHES 
/L 

+ 
1(5) 1(6) 

DB6 DB5 

2R 

/1 S-8 

:1 
I 
I , 

L 
J 

+ 
I'll) 

DBO 
ILSB) 

\~--------~v~---------­DATA INPUTS 

operating sequence 

2R 
116) 

R 

11) 
OUTl 

12) 
OUT2 

13) 
GND 

l4i4---tsuICS) ~~ ~! thlCS) 

CS------~\~I ---------------:r-~I 
I 

I4---twIWR)----.I 

i " j4--tsuID)~ 
I ~thID) 

DBO-DB7 -----------« )-------
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TLC7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 

DlGITAL·TO·ANALOG CONVERTER 

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

Supply voltage, VDD .............................................. -0.3 V to 16.5 V 
Digital input voltage, VI ....................................... -0.3 V to VDD+0.3 V 
Reference voltage, Vref .................................................... ±25 V 
Peak digital input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 /LA 
Operating free-air temperature range: TLC75241 .......................... - 25°C to 85 °C 

TLC7524C ............................ OOC to 70°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: D or N package ........ 260°C 

recommended operating conditions 

Voo - 5 V voo - 15 V 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage. VOO 4.75 5 5.25 14.5 15 15.5 V 

Reference voltage, Vref ±10 ±10 V 

High-level input voltage, VIH 2.4 13.5 V 

Low-level input voltage, VIL 0.8 1.5 V 

CS setup time. tsulCS) 40 40 ns 

CS hold time. thlCSI 0 0 ns 

Data bus input setup time, tsu(D) 25 25 ns 

Data bus input hold time. thlD) 10 10 ns 

Pulse duration, WR low, tw(WR) 40 40 ns 

I TLC75241 -25 85 -25 85 
Operating free-air temperature, TAl TLC7524C 'C 

0 70 0 70 

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

PARAMETER TEST CONDITIONS 
Voo - 5 V Voo - 15 V 

UNIT 
MIN TVP MAX MIN TVP MAX 

IIH Hi,gh-Ievel input current VI = VDD 10 10 ~A 

IlL Low-level input cur' .:nt VI = 0 -10 -10 ~A 

OUT1 
DBO-DB7 at 0 V. WR. CS at 0 V. 

±400 ±200 

Ilkg 
Output leakage Vre! = ±10V 

nA 
current DBO-DB7 at VDD. WR. CS at 0 V. 

OUT2 ±400 ±200 
Vre! = ±10V 

Quiescent DBO-DB7 at VIHmin or VILmax 1 2 mA 
100 Supply current 

Standby DBO-DB7 at 0 V or 'JDD 500 500 ~A 

kSVS 
Supply voltage sensitivity, 

IlgainillVDD 
IlVDD = ±10% 0.01 0.16 0.005 0.04 %FSRI% 

Ci 
Input capacitance, 

VI = 0 
DBO-DB7. WR. CS 

5 5 pF 

OUT1 DBO·DB7 at 0 V, 30 30 
Co Output capacitance 

'OUT2 WR and CS at 0 V 120 120 
pF 

OUT1 DBO·DB7 at VDD. 120 120 
Co Output capacitance 

OUT2 WR and CS at 0 V 30 30 
pF 

Reference input impedance 

IPin 15 to GND) 
5 20 5 20 kll 

EI 
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TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

operating characteristics over recommended operating free-air temperature range. Vref 
DUT1 and DUT2 at GND (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
Voo = 5 V Voo = 15 V 

MIN TYP MAX MIN Typt MAX 

Linearity error ±0.5 ±0.5 

Gain error See Note 1 ±2.5 ±2.5 

Settling time (to Y, LSBI See Note 2 100 100 

Prop"agation delay from 

digital input to 90% of See Note 2 80 80 

final analog output current 

Feedthrough at OUTI or OUT2 
Vref = ± 10 V (1 ~O-kHz sinewavel 

WR and CS at 0 V, OBO-OB? at 0 V 
0.5 0.5 

Temperature coefficient of gain TA = 25°C to MAX +0.004 +O.OOt 

±10 V. 

UNIT 

LSB 

LSB 

ns 

ns 

%FSR 

%FSR/'C 

C NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vref - 1 LSB. 
~ 2. OUTI load = 100 {l, Cext = 13 pF, WR at 0 V, CS at 0 V, OBO-OB? at 0 V to VOO or VOO to 0 V. 

I» 

rn 
~ 
CD 
CD 
r+ 
(I) 

principles of operation 

2-228 

The TLC7524 is an 8-bit multiplying DIA 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 Ilkg 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 OUT1 . 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 DIA 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 full4-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 LinCMOSTM 8·BIT MULTIPLYING 

DlGITAL·TO·ANALOG CONVERTER 

principles of operation (continued) 

I,ef~ 

~r--R----- RFB 

.------:::t ........ 1------ OUT1 

"'~i 1~" 
REF ---J\NI."""'---'-A----'--A ----'-I - OUT2 

1/256 ~ ~ II kg ~ i 1120 pF 

FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 

RA = 2kll 
(See Note 3) 

DBO·OB7 

cs----I 

WR----I 

V,ef Voo 

>---_'--OUTPUT 

FIGURE 2. UNIPOLAR OPERATION (2·QUADRANT MULTIPLICATION) 

OBO·DB7 

RA = 2 kll 
ISee Note 3) 

CS ---04 

WR---04 

V,ef Voo 

GNO 

20 kll 

20 kO 

'-.&..._ OUTPUT 
10 kO 

FIGURE 3. BIPOLAR OPERATION (4·QUADRANT OPERATION) 

NOTES: 3. RA and RS used only jf gain adjustment is required. 
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation. 
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TLC7524 
Advanced LinCMOSTM H·BIT MULTIPLYING 
DIGlTAL·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) 

MSB LSB MSB LSB 

11111111 - Vrs! (255/256) 11111111 

10000001 -Vre! (129/256) 10000001 

10000000 - Vre! (128/2561 = -Vre!/2 10000000 

01111111 -Vre! (127/256) 01111111 

00000001 -Vre! (1/256) 00000001 

00000000 0 00000000 

NOTES: 5. LSB = 1/256 (Vre!). e 6. LSB = 1/128 (Vre!). 

I» ... 
I» 
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:::T 
(1) 
(1) ... 
en 

microprocessor interfaces 

00-07 DATA BUS 
~------------------------~ 

Z-80A 

WRI-----\" .......... 
>---------------~WR 

AO-A1S 

ANALOG OUTPUT 

Vre! (127/1281 

Vre! 11/1281 

0 

- Vre! 11/1281 

-Vre! 1127/1281 

-Vre! 

~----------------------------------------~ 

FIGURE 4. TLC7524-Z-80A INTERFACE 

00-07 DATA BUS 
~------------------------~ 

6800 

<1>2 I------r--\>-______________ -IWR 

VMA 1---.... -.---1 

AO·A15 ADDRESS BUS 

FIGURE 5. TLC7524-6800 INTERFACE 
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TLC7524 
Advanced LinCMOSTM 8·BIT MULTIPLYING 

DlGITAL·TO·ANALOG CONVERTER 

microprocessor interfaces (continued) 

ADDRESS BUS A8-A15 
~--------------~~ 

8051 

8-BIT 1--r---1 
LATCH 

DECODEI---'~'" 
LOGIC 

cs 
....---------IWR TLC7524 

ALE I--+-+~~~ 

WRI--+-+----------~ 

ADO-AD7 ADDRESS/DATA BUS 

OUT1 

~--------------------------------------~ 

FIGURE 6. TLC7524-8051 INTERFACE 
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TLC7524 
Advanced LinCMOSTM 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

voltage-mode operation 

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 

2R 2R 

L--+-----+---+ ... ---oun (FIXED INPUT VOLTAGE) 
L---~e-----~---e-~----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 = VI (D/256) 

where 
Va = analog output voltage 
VI = fixed input voltage 
D = digital input code converted to decimal 

In voltage-mode operation, the TLC7524 will meet the following specification: 

PARAMETER TEST CONDITIONS 

Linearity error at REF VDD ~ 5 V, DUn ~ 2.5 v, OUT2 at GND, T A ~ DOC to 7DoC 

2-232 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



• Advanced LinCMOS" Silicon-Gate 
Technology 

• Easily Interfaced to Microprocessors 

• On-Chip Data Latches 

• Monotonic Over the Entire AID Conversion 
Range 

• Designed to be Interchangeable with AnalQg 
Devices AD7528 and PMI PM-7528 

• Fast Control Signaling for Digital Signal 
Processor Applications Including Interface 
with TMS320 

• Voltage-Mode Operation 

KEY PERFORMANCE SPECIFICATIONS 

Resolution 8 bils 

Linearity Error 1/2 LS8 

Power Dissipation at VOO ~5V 5 mW 

Seltling Time at VDD = 5 V 100 ns 

Propagalion Delay al VDD = 5 V 80 ns 

description 

The TLC7528 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 to be loaded. The "load" cycle of the 

TLC7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 

DIGITAL-TO-ANALOG CONVERTER 
02979, JANUARY 1987-REVISEO OCTOBER 19B8 

ow OR N PACKAGE 

(TOP VIEWI 

AGND OUTB 
aUTA RFBB 
RFBA REFB 

REFA VDD 
DGND WR 

DACA/DACB CS 

(MSB) DB7 DBa (LSB) 

DACA/DACB 
(MSB)DB7 

DB6 

DB6 DBl 

DB5 DB2 

DB4 ........ __ -t-" DB3 

5 

6 

FN PACKAGE 

(TOP VIEW) 

<!;:~~gJ 
B:::>(,!)o:Ju.. a::o<! a:: 

2 1 20 19 

9 10 11 12 13 

18 

17 

16 

15 

14 

REFB 

VDD 

WR 

CS 
DBO(LSB) 

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 TLC75281 is characterized for operation from -25 to 85°C. The TLC7528C is characterized for 
operation from OOC to 70°C. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1987, Texas Instruments Incorporated 
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specifications per the terms of Texas Instruments 
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TLC7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 
DlGlTAL-TO-ANALOG CONVERTER 

functional block diagram 

DBO (14) 

(13) 

• (12) 

• (11) 
DATA • 

INPUTS • (10) 

• • (9) 

(8) 

DB7 (7) 

DACA/DACB (6) 

WR (16) 

"CS (15) 

operating sequence 

INPUT 
BUFFER 

LOGIC 
CONTROL 

DACA/DACB 

DBO-DB7 

, .. 
'\ 

j4 

'\ 

REFA 

(4) 

8 
LATCH 

8 

A 

8 
LATCH 8 

B 

REF8 

tsu(CS) ·14 .! th(CS) 

I I I 
tsu(DAC) ~ ~ th(DAC) 

I ! , 
~tW(WR)---+I 

\- It 
J+--tSU(D)~th(D) 

X DATA IN STABLE X 
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TLC7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 

DIGITAL-TO-ANALOG CONVERTER 

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

Supply voltage, VDD (to AGND or DGNDI .............................. -0.3 V to 16.5 V 
Voltage between AGND and DGND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage, VI (to DGNDI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDO + 0.3 
Reference voltage, VrefA or VrefB (to AGNDI .................................... ±25 V 
Feedback voltage VRFBA or VRFBB (to AGNDI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Output voltage, VOA or VOB (to AGNDI ....................................... ± 25 V 
Peak input current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 flA 
Operating free-air temperature range: TLC75281 .......................... -25°C to 85°C 

TLC7528C ............................ OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Case temperature for 10 seconds: FN package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm 11/16 inchl from case for 10 seconds: DW or N package. . . . . .. 260°C 

recommended operating conditions 

Reference voltage, VrefA or VrefB 

High-level input voltage, VIH 

Low-level input voltage, VIL 

CS setup time, tsulCSI 

CS hold time, thlCSI 

DAC select setup time, tsulDACI 

DAC select hold time. thlDACI 

Data bus input setup time tsu(Q) 

Data bus input hold time thlDI 

Pulse duration, WR low, tw(WR) 

I TLC75281 
Operating free-air temperature, TA I TLC7528C 

Voo = 4.75 V to 5.25 V 

MIN NOM 

±10 

2.4 

50 

0 

50 

10 

25 

0 

50 

-25 

0 

TEXAS ", 
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MAX 

0.8 

85 

70 
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voo ~ 14.5 V to 15.5 V 
UNIT 

MIN NOM MAX 

±10 V 

13.5 V 

1.5 V 

50 ns 

0 ns 

50 ns 

10 ns 

25 ns 

0 ns 

50 ns 

-25 85 
°C 

0 70 
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TLC7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

electrical characteristics over recommended operating free-air temperature range. 
VrefA = VrefB = 10 V. VOA and VOB at 0 V (unless otherwise notedl 

PARAMETER TEST CONDITIONS 
VDD - 5 V VDD - 15 V 

c 
Q) .... 
Q) 

en 
~ 
CD 
CD .... 
VI 

IIH 

IlL 

ilkg 

IDD 

IDD 

Ci 

Co 

High-level input current 

Low-level input current 

Reference input impedance 

(Pin 1 5 to GND) 

OUTA 

Output leakage 

current 

OUTB 

Input resistance match 

(REFA to REFB) 

DC supply sensitivity, 

to gain/to VDD 

Supply current (quiescent) 

Supply current (standby) 

Input 
I DBO-DB7 

capacitance WR, CS 
DACA/DACB 

Output capacitance, 

(OUTA,OUTB) 

t All typical values are at T A = 25°C. 

2-236 

MIN 

VI = VDD 

VI -OV 

5 

DACA data latch loaded 

with 00000000, 

VrefA = ±10 V 

DACB data latch loaded 

with 00000000, 

VrefB= ±10V 

toVDD = ±10% 

DBO-DB7 at VIHmin or 

VILmax 

DBO-DB7 at 0 V or VDD 

DAC data latches loaded 

with 00000000 

DAC data latches loaded 

with 11111111 

TEXAS • 
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MAX MIN Typt MAX 

10 10 

-10 -10 

20 5 12 20 

±400 ±200 

±400 ±200 

±1% ±1% 

0.04 0.02 

1 1 

0.5 0.5 

10 10 

15 15 

50 50 

120 120 

UNIT 

~A 

~A 

k!l 

nA 

%/% 

mA 

mA 

pF 

pF 



TLC7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 

DlGlTAL-TO-ANALOG CONVERTER 

operating characteristics over recommended operating free-air temperature range, 
VrefA = VrefB = 10 V, VOA and VOB at 0 V (unless otherwise noted) 

PARAMETER TEST CONOITIONS 
VOO - 5 V VOO - 15 V 

MIN TVP MAX MIN TVP MAX 

Linearity error ± 1/2 ± 1/2 

Settling time (to 1/2 LSB) See Note 1 100 100 

Gain error See Note 2 2.5 2.5 

I REFA to OUT A -65 -65 
AC feedthraugh I REFB to OUTB See Note 3 

-65 -65 

Temperature coefficient of gain See Note 4 0.007 0.0035 

Propagation delay (from digital input 
See Note 5 80 80 

to 90% of final analog output current) 

Channel-to- I REFA to OUTB See Note 6 77 77 

channel isolation I REFB to OUT A See Note 7 77 77 

Measured for code transition from 

Digital-ta-analog glitch impulse area 00000000 to 11111111, 160 440 

TA - 25'C 

Measured for code transition from 

Digital crosstalk glitch impulse area 00000000 to 1111111" 30 60 

TA - 25'C 

Harmonic distortion 
Vi = 6 V rms, 

TA - 25'C 

f - 1 kHz, 
-85 -85 

NOTES: 1. OUTA, OUTB load - 100 fl, Cext - 13 pF; WR and CS at 0 V; OBO-OB7 at 0 V to VOO or VOO to 0 V. 
2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) := Vref - 1 LSB. 
3. Vref - 20 V peak-to-peak, 100-kHz sine wave; OAC data latches loaded with 00000000. 
4. Temperature coefficient of gain measured from QOC to 25°C or from 25°C to 70°C. 

UNIT 

LSB 

ns 

LSB 

dB 

%FSR/'C 

ns 

dB 

nVs 

nVs 

dB 

5. VrefA - VrefB - 10 V; OUTA/OUTB load - 100 rI, Cext ~ 13 pF; WR and CS at 0 V; 080-0B7 at 0 V to VOO or VOO to 0 V. 
6. Both OAC latches loaded with 11111111; VrefA - 20 V peak-to-peak, 100-kHz sine wave; VrefB - 0; TA - 25°C. 
7. Both OAC latches loaded with 11111111; VrefB - 20 V peak-to-peak, 100-kHz sine wave; VrefA - 0; TA - 25°C. 

principles of operation 

The TLC7528 contains two identical8-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 (AGNDI. With all digital inputs high, the entire reference current flows 
to OUT A. A small leakage current (llkg) flows across internal junctions, and as with most semiconductor 
devices, doubles every 10°C. Co 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 Co is 50 pF to 120 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 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 
CS is 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. 

II) ... 
Q) 
Q) 
J: 
en 

CO ... 
CO 
C 
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Q) 
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TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DlGITAL·TO·ANALOG CONVERTER 

2R 2R 2R 2R 2R 

R 
...... ""'"-RFBA 

~-+--~~--~7-~'f-~~+----+~~----OUTA 

~--~ __ --~~~r--~~--~~-------AGND 

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 

RFBA 

R 
VREFA--~r----'------~r---~~~---OUTA 

~ 
256 

FIGURE 2. TLC7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111. 

MODE SELECTION TABLE 

DACAl 
DACB 

CS WR DACA 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 

DlGITAL·TO·ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

The TLC7528 is capable of performing 2-quadrant or full4-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. 

VDD~-
(14) DBO 

(7) DB7 

(6) 

(15) 

(161 

INPUT 
BUFFER 

RECOMMENDED TRIM 

RESISTOR VALUES 

Rl. R3 500!l 

R2. R4 150!l 

VilA) 
±10 V 

Vi(B) 
±10 V 

>---~VOA 

.>---4I .... VOB 

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) 

I/) ... 
Q) 
Q) 
.c en 

CO ... 
CO 
C 
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TlC7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPL VING 
DIGITAL-TO-ANALOG CONVERTER 

171 OB7 

161 

1151 

1161 

TYPICAL APPLICATION DATA 

ViiAI 
± 10 v 

±10 V 
VilBI 

R6 (See Note 21 

20 kn 

(See Note 2) 
Rl0 

20 kn 

10 kl! 
VOB 

NOTES: 1. Rl, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust Rl 
for VOA = 0 V with code 10000000 in DACA latch. Adjust R3 for VOS = 0 V with 10000000 in DACS latch. 

2-240 

2. Matching and tracking are essential for resistor pairs R6, R7, RS, and R1D. 
3. Cl and C2 phase compensation capacitors (10 pF to 15 pF) may be required if Al 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 

MSB LSBt 

11111111 

10000001 

10000000 

01111111 

00000001 

00000000 

t 1 LSS = (2-BIVi 

ANALOG OUTPUT 
DAC LATCH CONTENTS 

MSB LSB+ 

- Vi 1255/2561 11111111 

-Vi 1129/2561 10000001 

- Vi 1128/2561 = - Vi/2 10000000 

-Vi (127/2561 01111111 

-Vi (1/2561 00000001 

- Vi (0/2561 = 0 00000000 

+ 1 l.SS = (2 - 71Vi 

TEXAS -1!1 
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ANALOG OUTPUT 

Vi (12711281 

Vi 11/1281 

OV 

-Vi (111281 

-Vi (127/1281 

- Vi (128/1281 



TLC7528 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 

DlGITAL-TO-ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

microprocessor interface information 

A8-A15 
1---71 

CPU 
8051 

WRt----j 

ALE 

ADO-AD7 DATA BUS 
~----------------------~--------~ 

NOTE: A ~ decoded address for TLC7528 DACA. 
A + 1 ~ decoded address for TLC7528 DAC8. 

FIGURE 5. TlC7528 - INTEL 8051 INTERFACE 

AB·A 15 r---", 

VMA 

CPU 
6800 

DO-D7 

TlC7528 

DATA BUS 
~----------------------~--------~ 

NOTE: A ~ decoded address for TlC7528 DACA. 
A + 1 ~ decoded address for TLC7528 DACB. 

FIGURE 6. TLC7528 - 6800 INTERFACE 

II) ... 
II) 
II) 

.J: 
en 
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CO 
C 
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r+ 
CI.l 

TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DIGITAL· TO·ANALOG CONVERTER 

TYPICAL APPLICATION OAT A 

A8-A15t-__ <I 

CPU 
Z80-A 

ADDRESS 
DECODE 
LOGIC 

ADDRESS BUS 

r-----+----iDACA/DACB 
A 

en 00-07 
:r ~------------------------~--------~ 

DATA BUS 

CD 
! NOTE: A ~ decoded address for TLC7528 DACA. 
en 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 0 to - Vref. 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. 

TEST 
INPUT--4>---------, 

VDD 

o TO -V,ef r--...."..,~F:......--'"~ 

DATA r---,--,-..,.,,--t 

IN PUTS '---.,.---r-r--t • 
(71 DB7 (11 

_-+~~(~15~1 CS AGNDt--t-~~-, 
_-+~~(1.:..:6~1 WR TLC7528 

_-+~-,=(6,1 DACA/DACB 

+ Vref _-+ __ ,.:.(~18:.:lfR;::E::.F.::B__I 

RFBB 

(191 

VCC 

1 kll 

PASS/FAIL 
OUTPUT 

FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER· AND LOWER· LIMIT TESTER) 
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TLC7528 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 

DlGlTAL·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 for a 0 to 15.5 dB 
range. 

Attentuation db _. - 20 1091O D/256. D .- digital input code 

VDD (17Ir--;:::::===::;:;;;::l£l.. ___ --., (31 
RFBA (21 

OUTA 
OUTPUT 

DBD 
• 

TLC7528 • DB7 
CS 

(151 

WR 
(161 

DACA/DACB 
(61 

(181 
VOB REFB 

AGND 
(11 

DGND 
(51 

FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR 

TABLE 3. ATTENUATION vs DACA. DACB CODE 

ATTNldBI DAC INPUT CODE 
CODE IN 

DECIMAL 
ATTN(dBI DAC INPUT CODE 

CODE IN 

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 

EI 
(/) ... 
C\) 
C\) 

.r:. 
(J) 

CO ... 
CO 
0 
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TLC7528 
Advanced LinCMoSTM DUAL 8·BIT MULTIPLYING 
DIGlTAL·To·ANALoG CONVERTER 

TYPICAL APPLICATION DATA 

programmable state-variable filter 

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, DACA 1 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. 

fc = 2n R1 C1 

The programmable range for the cutoff or center frequency is 0 to 15 kHz with a Q ranging from 0.3 to 
4.5. This defines the limits of the component values. 

VI _...;.14",;,)rR:::.EF:.;.A~-I 

DATA 
IN 

117) VDD 

114) DBO . 
(7) • 

115) ~7 

C3 

HIGH PASS 
OUT 

(16) WR RFBB~(.!!19!!.1~====:t-"1;---i 
151 DGND 11BI 
61 ~-----~R~EF~B~~-----' 
I DACA/DACB 

DATA 
IN 

DACA1 AND DACB1 

(6) DACA/DACB 

DACA2 AND DACB2 

NOTES: A. Op·amps A 1, A2, A3, and A4 are TL287. 

B. C3 compensates for the op-amp gain-bandwidth limitations. 

256 x IDAC ladder resistance) 
C. DAC equivalent resistance equals 

DAC digital code 

BANDPASS 
OUT 

C2 

LOW PASS 
OUT 

CIRCUIT EQUATIONS: 

Cl = C2, Rl = R2, R4 = R5 

Q -
R3 RF 

R4 RfblDACBll 

Ao = 
_ RF 

RS 

FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER 
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voltage· mode operation 

TLC7528 
Advanced LinCMOS™ DUAL 8·BIT MUL TlPLVING 

DlGITAL·TO·ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

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. 

R R R 
REF (ANALOG ~~~~--~~-e~--~~~.----, 

OUTPUT VOLTAGE) 

FIGURE 11. VOLTAGE·MODE OPERATION 

The relationship between the fixed input voltage and the analog output voltage is given by the following 
equation: 

Va = VI (D/256) 
where 

Va = analog output voltage 
VI = fixed input voltage 
D = digital input code converted to decimal 

In voltage-mode operation, the TLC7528 will meet the following specification: 

PARAMETER TEST CONDITIONS 

Linearity error at REFA or REFB Vaa = 5 V, OUTA or OUTS at 2.5 V, TA = DOC to 7Doe 

II) ... 
Cl) 
Cl) 

.c: 
en 
ns ... ns 
C 
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TLC320401. TLC32040C. TLC320411. TLC32041 C. 

• 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 
TMS320 11, TMS320C 17, 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 
NUMBER 

DESCRIPTION 

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 

TLC320421. TLC32042C 
ANALOG INTERFACE CIRCUITS 

SEPTEMBER 1987 - REVISED SEPTEMBER 1988 

N PACKAGE 
ITOP VIEW) 

NU NU 

RESET NU 

EODR IN + 

FSR IN -

DR AUX IN + 

MSTR CLK AUX IN-

VDD OUT+ 

REF OUT-

DGTL GND VCC+ 
SHIFT CLK VCC-

EODX ANLG GND 

DX ANLG GND 

WORD/BYTE NU 

DR 
MSTR CLK 

VOD 
REF 

DGTL GND 

SHIFT CLK 

EODX 

FSX 

FN PACKAGE 
ITOPVIEW) 

NU 

I~I§I~ ~ ~ ~ ~ 
4 3 2 1 28 27 26 

25 IN-

6 24 

7 23 

8 22 

9 21 

10 20 

11 19 

12131415161718 

XI~IX O>-~ 
aJ a 
a: 
o 
3:: 

::>::>00 
ZZZZ 

(!)(!) 

(!)(!) 
-' -' zz 
<{<{ 

AUX IN+ 
AUX IN­

OUT+ 
OUT­

VCC+ 
VCC-

NU - Nonu~able; 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 .ontain information 
current as of publication data. Products conform to 
specifications per the terms of Texas Instruments 

Copyright © 1987. Texas Instruments Incorporated 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, 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/elliptic 
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, TLC32041I, and TLC320421 are characterized for operation from - 40 DC to 85 DC, and 
the TLC32040C, TLC32041 C, and TLC32042C are characterized for operation from 0 DC to 70 DC. 

functional block diagram 

IN+ 

IN-

AUX IN+ 

BANOPASS FilTER 

r­
I,....,,~,.,..,.,....., 

AUX IN-
__ R'::EI~ S'::TI~ ____ J 

lOW·PASS FilTER 

OUT + +-t-----i 

OUT - +-t-----i 

TRANSMIT SECTION 

Vcc + Vcc _ ANlG DTGl VDD 
GNO GND IDIGI 

I 
IL--"'""F~ L- _ 

SERIAL 
PORT 

1f 
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TLC320401. TLC32040C. TLC320411. TLC32041 C. 
TLC320421. TLC32042C 

ANALOG INTERFACE CIRCUITS 

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. 

AID bandpass filter, AID bandpass filter clocking, and AID conversion timing 

The AID 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 AID 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 AID conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 

AID converter performance specifications 

Fundamental performance specifications for the AID converter circuitry are presented in the AID converter 
operating characteristics section of this data sheet. The realization of the AID 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. 

DIA low-pass filter, DIA low-pass filter clocking, and DIA 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 AID 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 DI A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough. 

The DI 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 DIA conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. . 
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TLC320401. TLC32040C. TLC320411. TLC32041 c. 
TLC32042L TLC32042C 
ANALOG INTERFACE CIRCUITS 

PRINCIPLES OF OPERATION (continued) 

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 band-pass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and AID conversion rates are independently determinEld. 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.) 

CIA 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. 

testing 

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. 

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, TlC32041 C, 
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 p.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 OSP 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 OSP (see AIC OX 
Data Word Format section). 

loop back 

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 OAC bits (d15 to d2), which are transmitted to the OX 
pin, can be compared with the AOC 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 OX pin. However, in practice there will be some 
difference in these bits due to the AOC and OAC 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 loop back 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. 
I/O 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 AID converter 

path via software control. If the appropriate bit in the Control register is a " the auxiliary inputs will replace 

the IN + and IN - inputs. If the bit is a 0, the IN + and IN - inputs will be used (see the Ale ox Data Word 

Format section). 

AUX IN- 23 I Inverting auxiliary analog input (see the above AUX IN + pin description). 

DGTL GND 9 Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 

DR 5 a This pin is used to transmit the ADe output bits from the Ale to the TMS320 serial port. This transmission 

of bits from the Ale to the TMS320 serial port is synchronized with the SHIFT elK signal. 

OX 12 I This pin is used to receive the DAe input bits and timing and control information from the TMS320. This serial 

transmission from the TMS320 serial port to the Ale is synchronized with the SHIFT elK Signal. 

EODR 3 0 (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 AID information have been 

transmitted from the Ale 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 Ale and the serial-ta-parallel shift registers. During the byte-mode timing, this signal goes low 

after the first byte has been transmitted from the Ale to the TMS320 serial port 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. 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 

PIN 

NAME NO. 
I/O DESCRIPTION 

EODX 11 0 (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 O/A converter and control 

or register information have been transmitted from the TMS320 serial port to the Ale. 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-ta-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 

parallel data-bus communications between the Ale and the serial-ta-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. 

FSR 4 0 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.) 

FSX 14 0 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 I Noninverting input to analog input amplifier stage 

IN- 25 I Inverting input to analog input amplifier stage 

MSTR ClK 6 I 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 AID 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 AID and D/A converters (see the Internal Timing Configuration). 

OUT+ 22 0 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- 21 0 Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT +. 
REF 8 I/O 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. 

RESET 2 I 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 OSP. 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 OX 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 OSP. 

SHIFT ClK 10 0 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). 

VDD 7 Digital supply voltage, 5 V ± 5% 

VCC+ 20 Positive analog supply voltage, 5 V ± 5% 

VCC- 19 Negative analog supply voltage - 5 V ± 5% 
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PIN 
110 

NAME NO. 

WORDIBYTE 13 I This pin, 

TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 

ANALOG INTERFACE. CIRCUITS 

DESCRIPTION 

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. 

Ale transmit and receive sections are operated asynchronously. 
The following description applies when the Ale is configured to have asynchronous transmit and receive sections. 

If the appropriate data bit in the Control register is a 0 (see the Ale 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). 

1. The FSX or i'sR pin is brought low. 

2. One 8-bit byte is tra!1smitted or one 8-bit byte is received. 

3. The EODX or EODR pin is brought low. 

4. The FSX or FSR pin emits a positive frame-sync pulse that is 

four Shift Clock cycles wide. 

5. One a-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. 

Ale 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 AID 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 AID 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 a-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 

1. The FSX and FSR pins are brought low. 

2. One a-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 a-bit byte is transmitted and one a-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 i'sR 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 Ale 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). 

C/) ... 
Q) 
Q) 

.s:. 
en 

CO ... 
CO o 

TEXAS ~ 
INSTRUMENTS 

2-253 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



c 
Q) 
r+ 
Q) 

en 
:::r 
(1) 
(1) 
r+ 
til 

TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 

INTERNAL TIMING CONFIGURATION 

MASTER CLOCK 
5.184 MHz (11 

10.368 MHz (21 

rr __ -_~-~-~~-~-:!:}-------------'+_--- SHIFT CLOCK DIVIOE BY 4 1.296 MHz (11 __________ __ .J 2.592 MHz (21 

------, 

OPTIONAL EXTERNAL CIRCUITRY 
FOR FULL- DUPLEX MODEMS 

- - -; 53.6 kHz - - - - -, 
CLOCK (11 COMMERCIAL I 

EXTERNAL I 
FRONT-ENO I 
F~;~~~:~~X I 

FILTERSt I 
________ :.1 

DIVIDE BY 2 

TX COUNTER B 
TB-40; 7.2 kHz 
T8 - 36; 8.0 kHz 
T8-30; 9.6 kHz 
TB-20; 14.4 kHz 
TB= 15; 19.2 kHz 

DIVIDE BY 2 

RX COUNTER B 
RB-40; 7.2 kHz 
RB - 36; 8.0 kHz 
RB - 30; 9.6 kHz 
RB - 20; 14.4 kHz 
RB= 15; '9.2 kHz 

SCF CI k F Master Clock Frequency 
ac requency::::: 2 x Contents of Counter A 

LOW-PASS 
SWITCHED 
CAP FILTER 
CLK - 28B kHz 
SQUARE WAVE 

DIA 
CONVERSION 
FREQUENCY 

BANDPASS 
SWITCHED 
CAP FILTER 
CLK - 288 kHz 
SQUARE WAVE 

AID 
CONVERSION 
FREQUENCY 

NOTE; Frequency " 20.736 MHz, is used to show how 153.6 kHz If or 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. 
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TLC320401. TLC32040C. TLC320411. TLC32041 C. 
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. 

SCF Clock Frequency = 

Conversion Frequency 

Shift Clock Frequency = 

Master Clock Frequency 
2 x Contents of Counter A 

SCF Clock Frequency 
Contents of Counter B 

Master Clock Frequency 
4 

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 AID 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 Band RX Counter B to establish the 
D/A and AID 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 Band 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 T A Register, the T A Register less the T A' Register, or the T A 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 T A' 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 AID 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 AID 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 AID 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. TLC32041 C. 
TLC320421. TLC32042C 
ANALOG INTERFACE CIRCUITS 

AIC DR or OX word bit pattern 

AID or DIA MSB, 

1st bit sent 1 st bit sent of 2nd byte 

AIC OX data word format section 

dlSld141d131d121dll1dl0ld91dSld71dSldSld41d21dlidO 

primary OX serial communication protocol 

.... d15 (MSBI through d2 go to the DIA _I 0 0 

converter register 

.... d15 (MSBI through d2 go to the D/A _I 0 1 

converter register 

.... d15 (MSBI through d2 go to the D/A -I 1 0 

converter register 

.... dl 5 (MSB) through d2 go to the D/A -I 1 1 

converter register 

AID or DI A LSB 

COMMENTS 

The TX and AX Counter A's are loaded with the TA and RA register 

values. The TX and RX Counter B's are loaded with T8 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: dl =0, dO= 1 will cause 

the next 01 A and AID 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. Ale 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 S's are loaded 

with the TB and RB register values. NOTE: d 1 = 1 , dO = 0 will cause 

the next 01 A and AID conversion periods to be changed by the 

subtraction of T A' and RA' Master Clock cycles, in which TA I 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 and RA register 

values. The TX and RX Counter 8'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 synchronC,Jus mode, FSR will not be asserted during Secondary 
Communications. 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 

ANALOG INTERFACE CIRCUITS 

secondary OX serial communication protocol 

x x I +- to TA register -I x xl -- to RA register --+ I 0 0 d 13 and d6 are MSBs (unsigned binary) 

x I ~ to TA' register -I x I"'" to RA' register ~ I 0 1 d14 and d7 are 2'5 complement sign bits 

x I ~ to T8 register -I x I +- to RS register ~ I 1 0 d14 and d7 are MSBs (unsigned binary) 

x x x x x x x x d7 d6 d5 d4 d3 d2 1 1 

1 __ CONTROL _I d2 -= 011 deletes/inserts the bandpass filter 

REGISTER d3 = 0/1 disables/enables the loopback function 

d4 ~ 011 disables/enables the AUX IN + and AUX IN- pins 

d5 = 011 asynchronous/synchronous transmit and receive sections 

d6 = 0/1 gain control bits (see Gain Control Section) 

d7 = 011 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 AID and 
DIA conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
will be initialized as follows (see AIC OX Data Word Format section): 

INITIALIZED 
REGISTER 

REGISTER VALUE (HEX) 

TA 9 
TA' 
TB 24 
RA 9 
RA' 1 
RB 24 

The CONTROL register bits will be reset as follows (see AIC OX Data Word Format section): 

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 OX 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. 

TLC320401 
TLC320411 
TLC32042 

t---.--- + 5 V 

200 kll 

0.5 "F 

vcc-I---*----5 v 
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TLC32D401. TLC32D4DC. TLC32D411. TLC32D41 C. 
TLC32D421. TLC32D42C 
ANALOG INTERFACE CIRCUITS 

power-up sequence 

To ensure proper operation of the Ale, 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 Vee _ 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, Vee -, then Vee + and VDD. Also, no input signal should be applied until 
after power-up. 

AIC responses to improper conditions 

The Ale has provisions for responding to improper conditions. These improper conditions and the response 
of the Ale to these conditions are presented in Table 1 below. 

AIC register constraints 

The following constraints are placed on the contents of the Ale registers: 

1 . T A 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 = 0 or 1 Reprogram TX Counter A with TA register value 

TA register - TA' register = a or 1 

T A register + T A' register < 0 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 =Oorl Reprogram RX Counter A with RA register value 

RA register - RA I register ~ 0 or 1 

RA register + RA' register = a 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 

T A register = 0 or 1 AIC is shut down 

RA register = 0 or 1 

T8 register = 0 or 1 Reprogram T8 register with 24 HEX 

RS register = 0 or 1 Reprogram RS 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 Ale 
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). 

~~~~ELr~ 
FSX I I 

OR 14--0NGOING CONVERSION--+! 
FSR 

t2 - 11 '" 1/19.2 kHz 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, 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. 2 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 

FSR 

u U 
I I 
111141------TRANSMIT CONVERSION PERIOD------t~~1 

I I I 
!4-RECEIVE CONV.--*-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 t 1 
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. 

FSRU 

I 

I I I I 
14-TRANSMIT CONV. *"" TRANSMIT CON V . ~ TRANSMIT CONV.-.t 

PERIOD A PERIOD B PERIOD C 

12 

U Lf 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 

asynchronous operation - more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see Ale DX Data Word Format section) 

FSR 

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!. 

PRIMARY 
11 

SECONDARY PRIMARY SECONDARY PRIMARY 
...-----. 

SECONDARY ...----., 

TRANSMIT TRANSMIT TRANSMIT 
... ---CONVERSION----I.----CONVERSION-----t~----CONVERSION---..... 

PERIOD A PERIOD B PERIOO C 

U 
I I 

+-RECEIVE CONVERSION_-+~ .. ~------ RECEIVE CONVERSION PERIOD B-------.t~ 
PERIOO A ,. 

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

Supply voltage, VCC+ (see Note 1) .................................... -0.3 V to 15 V 
Supply voltage, VDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Output voltage, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Digital ground voltage ............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Operating free-air temperature range: TLC320401, TLC32041I, TLC320421 ...... -40°C to 85°C 

TLC32040C, TLC32041 C, TLC32042C . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°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 vee -. 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 

ANALOG INTERFACE CIRCUITS 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Vcc + Isee Note 2) 4.75 5 5.25 V 

Supply voltage, VCC- Isee Note 2) -4.75 -5 -5.25 V 

Digital supply voltage, VDD Isee Note 2) 4.75 5 5.25 V 

Digital ground voltage with respect to ANLG GND, DGTL GND 0 V 

Reference input voltage, VreHextl (see Note 21 2 4 V 

High-level input voltage, VIH 2 VOO+0.3 V 

Low-level input voltage, VIL Isee Note 3) -0.3 0.8 V 

Load resistance at OUT + andlor OUT -, RL 300 n 
Load capacitance at OUT + andlor OUT -, CL 100 pF 

MSTR CLK frequency Isee Note 4) 0.075 5 10.368 MHz 

Analog input amplifier common mode input voltage (see Note 5) ± 1.5 V 

AID or D/A conversion rate 19.2 kHz 

Conversion rate 1 20 kHz 

I TLC320401, TLC32041I, TLC320421 -40 85 
Operating free-air temperature, T A I TLC32040C, TLC32041 C, TLC32042C 70 

°c 
0 

NOTES: 2. Voltages at analog inputs and outputs, REF, VCC +, and VCC _, are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and VOO 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 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 frequencies 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 liN + - IN -) or IAUX IN + - AUX IN -) equals ± 6 V. 
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TLC320401. TLC32040C. TLC320411. TLC32041C. 
TLC320421. TLC32042C 
ANALOG INTERFACE CIRCUITS 

electrical characteristics over recommended operating free-air temperature range. Vee + 5 V. 

C 
I» 
r+ 
I» 

Vee - = - 5 V. VDD '" 5 V (unless otherwise noted) 

total device. MSTR eLK frequency - 5.184 MHz. outputs not loaded 

PARAMETER TEST CONDITIONS 

VOH High-level output voltage VOO = 4.75 V. IOH = -300 ~A 

VOL low·level output voltage VOO = 4.75 V. IOl = 2 mA 

ICC+ Supply current from VCC + 
TlC3204-C 

TLC3204_1 

ICC- Supply current from VCC-
TLC3204_C 

TLC3204-1 

100 Supply current from VOO fMSTR ClK = 5.184 MHz 

Vref Internal reference output voltage 
Temperature coefficient of internal 

"Vref reference voltage 

ro Output resistance at REF 

en receive amplifier input 
:::::r 
CD 
CD 
r+ 
CI) 

PARAMETER TEST CONDITIONS 

AID converter offset error (filters bypassed) 

AID converter offset error (filters in) 

CMRR 
Common-mode rejection ratio at IN +, IN -. 

or AUX IN+. AUX IN-
See Note 6 

Input resistance at IN +. IN-
'I or AUX IN+. AUX IN-, REF 

transmit filter output 

PARAMETER TEST CONDITIONS 

VOO 
Output offset voltage at OUT + or OUT-

(single-ended relative to ANlG GND) 

YOM 
Maximum peak output voltage swing across Rl 2: 3000, 

Rl at OUT + or OUT - (single'ended) Offset voltage = 0 

YOM 
Maximum peak output voltage swing between 

Rl 2: 6000 
OUT + and OUT - (differential output) 

t All typical values are at T A = 25 ·C. 
NOTE 6: The test condition is a O-dBm. 1-kHz input signal with an 8-kHz conversion rate. 
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MIN Typt MAX UNIT 

2.4 V 

0.4 V 

35 

40 
rnA 

-35 

-40 
rnA 

7 rnA 

3 3.3 V 

100 ppm/DC 

100 kO 

MIN Typt MAX UNIT 

25 65 mV 

25 65 mV 

55 dB 

100 kO 

MIN Typt MAX UNIT 

15 75 mV 

±3 V 

±6 V 



TLC320401. TLC32040C. TLC320411. TLC32041 C. 
TLC320421. TLC32042C 

ANALOG INTERFACE CIRCUITS 

electrical characteristics over recommended operating free-air temperature range. Vee + = 5 V. 
vee - = - 5 V. Vee = 5 V (unless otherwise noted) 

system distortion specifications. SeF clock frequency = 288 kHz 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Attenuation of second harmonic of single-ended Vin = -0.1 dB to -24 dB referred to Vref. 70 
dB 

AID input signal differential See Note 7 62 70 

Attenuation of third and higher single-ended Vin = -0.1 dB to - 24 dB referred to Vref. 65 
dB 

harmonics of AID input signal differential See Note 7 57 65 

Attenuation of second harmonic of single-ended Vin = -0 dB to -24 dB referred to Vref. 70 
dB 

DI A input signal differential See Note 7 62 70 

Attenuation of third and higher single-ended Vin = -0 dB to -24 dB referred to Vref. 65 
dB 

harmonics of 01 A input signal differential See Note 7 57 65 

AID channel signal-to-distortion ratio 

PARAMETER 
TEST CONDITIONS Av - 1* Av - 2* Av - 4* 

UNIT 
Isee Note 7) MIN MAX MIN MAX MIN MAX 

Vin = -6 dB to -0.1 dB 58 >58§ >58§ 

Vin = -- 12 dB to - 6 dB 58 58 >58§ 

Vin = - 18 dB to - 12 d8 56 58 58 

Vin - '-24 dB to -18 dB 50 56 58 

AID channel signal-ta-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 

Vin = -48 dB to -42 dB 26 32 38 

Vin = -54 dB to -48 dB 20 26 32 

DIA channel signal-to-distortion ratio 

PARAMETER 
TEST CONDITIONS 

(see Note 7) 
MIN MAX UNIT 

Vin = -6 dB to -0.1 dB 58 

Vin = - 1 2 dB to - 6 dB 58 

Vin = - 18 dB to - 12 dB 56 

Vin = - 24 dB to - 18 dB 50 

01 A channel signal-ta-distortion ratio Vin = -30 dB to -24 dB 44 dB 

Vin ::: -36 dB to -30 dB 38 

Vin ::: -42 dB to -36 dB 32 

Vin = -48 d8 to -42 dB 26 

Vin ::: - 54 dB to - 48 dB 20 

gain and dynamic range 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Absolute transmit gain tracking error while transmitting - 48 dB to 0 dB signal range. 

into 600 0 See Note 8 
±0.05 ±0.15 dB 

Absolute receive gain tracking error 
- 48 dB to 0 dB signal range. 

See Note 8 
±0.05 ±0.15 dB 

t All typical values are at T A = 25°C. 
t; Av is the programmable gain of the input amplifier. 
§ A 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 (0 dB relative to Vref). The load impedance for the 

DAC is 6000. 
8. Gain tracking is relative to the absolute gain at 1 kHz and 0 dB (0 db relative to Vref). 
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TLC3204D1, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 

power supply rejection and crosstalk attenuation 

PARAMETER TEST CONDITIONS 

VCC + or VCC _ supply voltage f = 0 to 30 kHz Idle channel, supply signal 

at 200 mV POp measured 
rejection ratio, receive channel f = 30 kHz to 50 kHz at DR iADC output) 

VCC + or VCC _ supply voltage f = 0 to 30 kHz Idle channel, supply signal 

rejection ratio. transmit channel at 200 mV p-p measured 

ising Ie-ended I f = 30 kHz to 50 kHz at OUT + 
Crosstalk attenuation, transmit-ta-receive (single-ended) 

MIN TVpt MAX UNIT 

30 
dB 

45 

30 
dB 

45 

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 sinew ave (see Note 9) 

PARAMETER TEST CONDITIONS MIN 

f - 100 Hz 

Filter Gain 
f = 170 Hz 

isee Note 10) 
Input signal reference is 0 dB 300 Hz :s f :s 3.4 kHz -0.5 

f - 4 kHz 

f > 4.6 kHz 

MAX UNIT 

-42 

-25 

0.5 dB 

-16 

-58 

TLC32042 bandpass filter transfer function (see curves), SCF clock frequency 
input (IN + - IN -) is a ± 3-V sinewave (see Note 9) 

288 kHz ±2%, 

PARAMETER TEST CONOITIONS MIN MAX UNIT 

f = 100 Hz -27 

Filter Gain 
f = 170 Hz -2 

isee Note 10) 
Input signal reference is 0 dB 300 Hz :s f :s 3.4 kHz -0.5 0.5 dB 

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 :s 3.4 kHz -0.5 0.5 

Filter Gain f = 3.6 kHz -4 
Output signal reference is 0 dB dB 

isee Note 10) f = 4 kHz -30 

f '" 4.4 kHz -58 

serial port 

PARAMETER TEST CONDITIONS MIN TVpt MAX UNIT 

VOH High-level output voltage IOH = -300~A 2.4 V 

VOL Low-level output voltage IOL = 2 rnA 0.4 V 

II Input current ±10 ~A 

CI Input capacitance 15 pF 

Co Output capacitance 15 pF 

t All typical values are at T A = 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 U.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 0 to 3400 Hz 
for the bandpass and low pass filters respectively. 
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TLC320401. TLC32040C. TLC320411. TLC32041 C. 
TLC320421. TLC32042C 

ANALOG INTERFACE CIRCUITS 

operating characteristics over recommended operating free-air temperature range. Vee + = 5 V. 
Vee- = -5V.VOO=5V 

noise (measurement includes low-pass and bandpass switched-capacitor filters) 

PARAMETER TEST CONDITIONS Typt MAX UNIT 

I single-ended 200 ,.,.V rms 

Transmit noise I differential 
OX input ~ 00000000000000, constant input code 300 500 ,.,.V rms 

20 dBrncO 

300 475 p.V rrns 
Receive noise (see Note 11) Inputs grounded, gain = 1 

20 dBrncO 

timing requirements 

serial port recommended input signals 

PARAMETER MIN MAX UNIT 

tcIMCLK) Master clock cycle time 95 ns 

trIMCLK) Master clock rise time 10 ns 

tflMCLKl Master clock fall time 10 ns 

Master clock duty cycle 42% 58% 

RESET pulse duration Isee Note 12) 800 ns 

tsulOX) OX setup time before SCLKI 20 ns 

thlOX) OX hold time after SCLKI t cISCLKI/4 ns 

t All typical values are at T A ~ 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 AID 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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TLC320401, TLC32040C, TLC320411, TLC32041C, 
<lLC320421, TLC32042C 
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) 

f (Hz) 
f. - BOOO Hz fs ~ 9600 Hz 

pl ~ -0<14813 pl - -0.1307 

p2 - 0.9888 p2 = 0.9951 

300 -0.099 -0.043 

600 -0.089 -0.043 

900 -0.054 0 

1200 -0.002 0 

1500 0.041 0 

1800 0.079 0.043 

2100 0.100 0.043 

2400 0.091 0.043 

2700 -0.043 0 

3000 -0.102 -0.043 

TMS320 software requirements 

2-266 

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 pagel. Y is the 
filter state, and U is the next I/O sample. The coefficients k 1 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) 
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sin xIx correction section 

TLC320401, TLC32040C, TLC320411, TLC32041C, 
TLC320421, TLC32042C 

ANALOG INTERFACE CIRCUITS 

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 xIx 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 w flfs 

fs 1Hz) " flfs 
(f - 3000 Hz) 

IdB) 

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 Ale, a first-order correction filter shown below, is recommended . 

U(i+ll .----------... --+V(i+ 1) 

p1 

The difference equation for this correction filter is: 

Yi+1 = p2(1-p1) (ui+1)+p1 Yi 

where the constant p 1 determines the pole locations. 

The resulting squared magnitude transfer function is: 

iH(fil 2 = p22 (1 -p1)2 
1 - 2p1 cos(2 11" f/fs) + p1 2 
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TLC320401. TLC32040C. TLC320411. TLC32041 C. 
TLC320421. TLC32042C 
ANALOG INTERFACE CIRCUITS 

operating characteristics over recommended operating free-air temperature range. Vee + 5 V. 
Vee- .. -5 V. Voo - 5 V (continuedl 

serial port - AIC output signals 

PARAMETER MIN MAX 

tclSCLKI Shift clock ISCLKI cycle time 380 

ttiSCLKL Shift clock ISCLKI fall time 50 

trlSCLKI Shift clock ISCLKI rise time 50 

Shift clock ISCLKI duty cycle 45 55 

tdICH-FLI Delay from SCLKI to FSR/FSXl 90 

tdICH-FH) Delay from SCLKI to FSR/FSXl 90 

tdICH-DRI DR valid after SCLKI 90 

tdwICH-ELI Delay from SCLKI to EODX/EODRI in word mode 90 

tdwICH-EHI Delay from SCLK! to EODX/EODRI in word mode 90 

tf(EODXI EODX fall time 15 

tf(EODRI EODR fall time 15 

tdbLCH-EL) Delay from SCLKI to EODX/EODRI in byte mode 100 

tdbICH-EHI Delay from SCLKI to EODX/EODRI in byte mode 100 

TABLE 2. GAIN CONTROL TABLE 
IANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE AID CONVERSION) 

CONTROL REGISTER BITS 
ANALOG INPUTt 

AID CONVERSION 
INPUT CONFIGURATIONS 

d6 d7 RESULT 

Differential configuration 1 1 ±6 V full-scale 

Analog input ~ IN + - IN- 0 a 
~ AUX IN+ - AUX IN- 1 a ±3 V full-scale 

0 1 ±1.5 V full-scale 

Single·ended configuration 1 1 ±3 V half-scale 

Analog input ~ IN + - ANLG GND 0 0 

~ AUX IN + - ANLG GND 1 0 ±3 V full-scale 

0 1 ±1.5 V full-scale 

t In this example, V ref 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. 

Rfb Rfb 

R R 

UNIT 

ns 

ns 

ns 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

R ~ TO MUX R . ! TO MUX 

AUX IN + -'W'IM ......... IN+-'W""" .... -t 

IN - -"N~>-I AUX IN - -"V\, ................ 

Rfb 

Rfb - R for d6 - 1. d7 - 1 
d6 - O. d7 - 0 

Rfb - 2R for d6 - 1, d7 - 0 
Rfb - 4R for d6 - 0, d7 - 1 

FIGURE 1. IN + AND IN - GAIN 
CONTROL CIRCUITRY 

Rib 

Rfb - R for d6 ~ 1. d7 - 1 
d6 - 0, d7 - 0 

Rfb - 2R for d6 - 1, d7 - 0 
Rfb - 4R for d6 - 0, d7 - 1 

FIGURE 2. AUX IN + AND AUX IN­
GAIN CONTROL CIRCUITRY 

2-268 
TEXAS ~ 

INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



TLC32D401. TLC32D4DC. TLC32D411. TLC32D41 C. 
TLC32D421. TLC32D42C 

ANALOG INTERFACE CIRCUITS 

byte-mode timing 

SHIFT CLK 
2 V 2 v 

1 1 1 
1 08 VII 1 1 0.8 V 

tdICH-FL~ ~ 1 1 -41 ..... tdICH-FHI ~ ..... tdICH-FLI tdICH-FHi-+! ~ 
I 1 1 1 ~' :-;;-______ -,1 1 1 

~, 12V 08V~ I-PV-1 1 ~----Jf "---,,,,/,1-' ------"""1 

I ...., ~~dICH-DRI 1 

__ D~1_5_~~~,---. ___ D_8 _____ ~~_D_l __ DO-+: __ _ 
~ - 1 

DR 

t sulDXI4t If-- I 

~1[~=X~~ __ ~D~O~N~'T~C~A~R~E __ ~~~~.~ 
DX ~JD9D81 D7D6~ 

~ I.-thIDI-X_I ___ ---I-,t"-tdbICH-ELI tdbICH-EH~ It-
EODR,EODX~-------~'? t~~0~8~V~ _________ -7f~J ______ _J~ 

word-mode timing 

I4----*-tc lSCLKI 
I I 
I I 2 V 

I 
SHIFT CLK 

I 08 VI 08 V a 8 v : 

~ ~: tdICH-FHI--t ~ 
------,1 1 'l~2~V-T----

FSX.FSR 08V~~ ____ -r~ ___ ~ I. 
- 1 1 II-I ------+' 

i ~ !"-"tdICH-DRI : 

DR ___ D_'5_~~~~D~1-~D~04:--~---
tsulDXI~ ..... i 

DX----i2D~1~5JC~~'~~~~~D~11~ 
1 1 1 
jo--thlDXI tdwICH-EL~ ..... --I ..... tdwICH-EHI 

------------------~/~;--------~~ + 
EODX. EODR 0 8 V~ 2 V 

FIGURE 3. SERIAL PORT TIMING 
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TLC320401, TLC32040C, TLC320411, TLC32041C, 
TLC320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 

TMS32010 
SN74lS299 

~ SI °H' 

DEN G2 

'- Gl SO ClK< 
Vf r-

Gl AO/PAO A 08-015 
YO r-

AI/PAl B ~ A-H SR 
A2/PA2 C 

SN74lS138 SN74lS299 

bD L- SI °H' 
'--- G2 

SO ClK 

Gl 
00-015 00-07 

00-015 \ \ A-H SR , 

if WE ./ rL1 ClK OUT 

INT 

-

~ --
-Z1-& Cl 

10 

FIGURE 4_ TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE CIRCUIT 

in instruction timing 

ClK OUT ---.J 
I 

FSX 

ox 

TLC32040/ 
TLC32041/ 
TLC32042 

SHIFT ClK 

DR 

MSTR ClK 

EODX 

I I~----------------------------
'------~I ... -

I 
I 
I 

sO,m 

---------------------~~~~:I>------------------------------------00-015 ( VALID ) 

out instruction timing 

ClK OUT ___ -..I 

SN74lS138 VI 

SN74lS299 ClK 

00-015 ( VALID ) 

FIGURE 5. TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE TIMING 
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TLC320401. TLC32040C. TLC320411. TLC32041 C. 
TLC320421. TLC32042C 

ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AIC TRANSMIT CHANNEL FILTER 

10 

0 

-10 

~ag~itud~ 

\ 

0.3 

0.25 

0.2 

-20 0.15 
al 

" -30 I ., 
" _ -40 a 
'2 
Cl -50 co 
:2 

-60 

Group Delay 1\ 
See Note B, I \ 

fi\ 1f' I \ 
II \~ 1 \... V 

0.1 

0.05 

0 

0.05 

-70 V- f-' "-----See Note A ,.., 0.1 

-80 

-90 
o 

rl-S~e N~lte d 

2 3 

V 

4 

0.15 

0.2 
5 

SCF clock frequency 
Normalized Frequency-kHz x 2B8 kHz 

NOTES: A. Maximum relative delay (0 Hz to 600 Hz) = 125 ~s. 
B. Maximum relative delay (600 Hz to 3000 Hz) = ± 50 ~s. 
C. Absolute delay 1600 Hz to 3000 Hz) = 700 ~s. 

'" E 
I 
>-co a; 
C 
Q. 

" 0 

t5 ., 
.~ 
co 
a; 
a: 

D. Test conditions are Vee +, Vee _, and VDO within recommended operating conditions, SCF clock f = 288 kHz ± 2%. 
input::::: ± 3-V sinewave, and T A = 25°e. 
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TLC320401. TLC32040C. TLC320411. TLC32Q41 C. 
TLC320421. TLC32042C 
ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

TLC32040 and TLC32041 
RECEIVE CHANNEL FILTER 

1 0 ru--.::--~--'----'---.r-,-----, 0.35 
See Note A Magnitulde 

Orfurl-~-----+--~~--H--r--~0.3 

-10 0.25", 

- 20 I-H-+--+-----+---+--+-Hl\rl------i 0.2 T 
\ ~ 

- 30 Ht-+-+-----+----+-I-+--\I------f O. 15 ~ 
c. 

- 40 Ht-+-+---+---+----1f-t---t1\r-----f 0.1 g 
Group Delay l c!i 

- 50 tTt-t-W=r=r.r--7'\'t--t-t-H------j 0.05 

- 60 ft--L-----1f----11-c\>H~+I_t\__hf\__\I______lf___+_t__+_ \----1 0 

- 70 1t---7-\..1q-/---,,' 'JL"'=--+--'V"---++-----+-++---'\ytF,....,"""d 0.05 

Lsr Note _~ 1\ 
- 80 It---f---f--+-f+-+-+-f-------j 0.1 

See Note C- \ 
-90 0.15 

o 2 3 4 5 

SCF clock frequency 
Normalized Frequency-kHz x 288 kHz 

NOTES: A. Maximum relative delay (200 Hz to 600 Hz! ~ 3350 ~s. 
B. Maximum reiative delay (600 Hz to 3000 Hz! ~ ± 50 ~s. 
C. Absolute delay (600 Hz to 3000 Hz! ~ , 230 ~s 

" .~ 
III 
0; 
a: 

D. Test conditions are Vee +, Vee _, and VOO within recommended operating conditions, SCF clock f = 288 kHz ± 2%, 
input = ± 3-V sinewave, and TA = 25°C. 

FIGURE 7 
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TLC320401. TLC32040C. TLC320411. TLC32041 C. 

10 

0 

-10 

-20 
In 
"0 -30 I ., 
"0 -40 ;! 
';: 
en -50 .. 
:! 

-60 

-70 

-80 

-90 
0 

TYPICAL CHARACTERISTICS 

TLC32042 
RECEIVE CHANNEL FILTER 

Ma~nitu~e 
Se~ No;e A 

\ 
\ 

Group Delay 

l' J \ 
'"' 1 J "-..1 \ 

-I-See Ni te i 
See Note C 

2 3 4 

TLC320421. TLC32042C 
ANALOG INTERFACE CIRCUITS 

0.3 

0.25 

0.2 

0.15 

0.1 

0.05 

0 

"\ 
0.05 

0.1 

0.15 

0.2 
5 

E 
I 
> .. 

Q; 
0 
c. 
::l 
0 

t'5 
" > . ., 
'" Q; 
a: 

SCF clock frequency 
Normalized Frequency- kHz x 288 kHz 

NOTES: A. Maximum relative delay (200 Hz to 600 Hzl - 3350 ,<5. 
B. Maximum relative delay (600 Hz to 3000 Hz) = ± 50 p.S. 

C. Absolute delay (600 Hz to 3000 Hzl ~ 1080 ~s. 
D. Test conditions are Vee +, Vee _, and VOO within recommended operating conditions, SCF clock f 288 kHz ± 2%, 

input = ± 3-V sinewave, and T A ~ 25°C. 

FIGURE 8 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

80 

70 
m 

AID SIGNAL-TO-DISTORTION RATIO 
vs 

INPUT SIGNAL 

1-kHz input signal with an 
8-kHz conversion rate 

GAIN 1= 4X ----..., 
i.-""" GAIN = 1X-

V / 
.., 60 

.~ " 
'f 40 

C ~ 
! Q 30 
m " ';' 

en ~ 20 
~ .2' 
a> III 

a> 10 .... en 
o 

V 

- 50 - 40 - 30 - 20 - 10 o 
Input Signal Relative to V ref - dB 

FIGURE 9 

10 

D/A CONVERTER SIGNAL-TO-DISTORTION RATIO 
vs 

m .., 
I 

0 
.~ 

a: 

" 0 
'f 

~ 
Q 

" ';' 
iO 

" .2' 
III 

INPUT SIGNAL 

10(, 
1-kHz input signal into 600 !l 

90 8-kHz conversion rate 

80 

70 

60 

50 

40 

30 

20 

10 

o 
-50 

/ --/ 
./ 

- 40 - 30 - 20 - 10 0 
Input Signal Relative to Vref-dB 

FIGURE 11 

10 

m .., 

0.5 

0.4 

0.3 

0.2 

~ 0.1 
.E .... 
u 
~ 
I-

o 

" -0.1 
'0; 
Cl _ 0.2 

-0.3 

-0.4 

-0.5 

AID GAIN TRACKING 
(GAIN RELATIVE TO GAIN 
AT 0 dB INPUT SIGNAL) 

1-kHz input signal 
8-kHz conversion rate 

.; -

- 50 - 40 - 30 - 20 - 10 o 
Input Signal Relative to V ref - dB 

FIGURE 10 

D/A GAIN TRACKING 
vs 

(GAIN RELATIVE TO GAIN 
AT 0 dB INPUT SIGNAL) 

10 

1.0 r-----~----r---.----, 
1-kHz input signal Into 600 !l 

0.8 8-kHz conversion rate 

0.6~-~-~----+---~--~,-~ 

m 0.4 ~-~--+--~--t--+-~ .., 
~ 0.2 r---+--+----j---+--t---j 

" ~ 0 ~--+---+-----!--+--+----I 
~ 

~ -0.2 ~--+--+--I--+--+----I 
'0; 

Cl -0.4 ~-+--t--+--t--+-~ 

-0.6r--_+--t_-_+--t_-_+-~ 

-0.8t--~---t_-_+--t_-_+-~ 

- 1 '---'---'---'-----''---'-----' 
-50 -40 -30 -20 -10 o 

Input Signal Relative to Vref-dB 

FIGURE 12 

10 

NOTE: Test conditions are Vee +, Vce _, and VOO within recommended operating conditions set clock f = 288 kHz ± 2%, and T A = 25°C. 
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TLC32D401. TLC32D4DC. TLC32D411. TLC32D41 C. 
TLC32D421. TLC32D42C 

ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

ATTENUATION OF SECOND HARMONIC OF AID INPUT 
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FIGURE 13 

ATTENUATION OF SECOND HARMONIC OF DIA INPUT 
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FIGURE 15 

10 

ATTENUATION OF THIRD HARMONIC OF AID INPUT 
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FIGURE 16 

NOTE: Test conditions a'e Vee +, Vee _, and VOO within ,ecommended operating conditions set clock 1 = 288 kHz ± 2%, and T A = 25°e, 
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TLC320401, TLC32040C, TLC320411, TLC32041 C, 
TLC320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 

TYPICAL APPLICATION INFORMATION 

TMS32020/C25 TLC32040/TLC32041/TLC32042 

CLKOUT 1--_>---1 
FSXI--_--I 

OX 1-_-; 
FSRI--_--I 

DR 1--_--1 

MSTR CLK vcc+ ~----------------,---+5V 

c 

CLKR 1----< ...... 1--; 
CLKX 

FSX 

OX 

FSR 

DR 

SHIFT CLK 

REF 
ANLG GNO 

VCC-

VOO r---------..-- + 5 V 

OGTL GNO 

a C = 0.2 ~F. CERAMIC 

C 

I» FIGURE 17. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS 
rn AND SCHOTTKY DIODEt 
:r 
~ vcc 
r+ 
(II 

tThomson Semiconductors 

2-276 

R 

.------.------..----+--3.0 V OUTPUT 

TL431',,--, 

FOR: VCC - 12 V. R - 7200 n 
VCC - 10 V. R = 5600 II 
VCC - 5 V. R = 1600 n 

0.1 ~F CERAMIC 

FIGURE 18. EXTERNAL REFERENCE CIRCUIT FOR TlC32041 
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• 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 TLC32044 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 AID 
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. 

TlC320441. TlC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

D3098, MARCH 1988~ REVISED DECEMBER 1988 

NU 
RESET 
EODR 

FSR 
DR 

N PACKAGE 
(TOP VIEW) 

NU 

NU 
)N + 
IN 
AUX IN+ 

MSTR ClK AUX IN 

VDD OUT+ 

REF OUT 

DGTl GND Vce I 

SHIFT ClK Vec 
EODX ANlG GND 

DX ANlG GND 

WORD/BYTE NU 

DR 
MSTR ClK 

VDD 
REF 

DGTl GND 

SHIFT ClK 

EODX 

FSX NU 

6 

7 

8 

9 

10 

11 

FN PACKAGE 
(TOP VIEW) 

I~ I§ Ii ~ ~ ~ ~ 
4 3 2 282726 

12131415161718 

XI~IX o>-~ 
<0 a 
a:: 
o 
~ 

=>=>00 zzzz 
ClCl 
ClCl 
...J ...J 
ZZ 
<!<! 

25 

24 

23 

22 

21 

20 

19 

IN -

AUX IN+ 
AUX IN-

OUT+ 
OUT~ 

Vec+ 
Vec-

NU - Nonusable; no external connection should be made to these 
pins. See Table 2. 

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. 

Copyright © 1988. Texas Instruments Incorporated 
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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

description (continued) 

E 

2-278 

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 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 xl/x correction filter can be switched out of the signal path using digital signal processor 
control. if desired. 

The TLC320441 is characterized for operation from - 40°C to 85 °C, and the TLC32044C is characterized 
for operation from ooC to 70°C. 
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functional block diagram 

IN + ---,r-o..,... ..... 
IN--........... ' 

AUX IN + -t-~r-..... 

AUX IN - -t--I~" 

OUT + ... t--;;;J""-; 
OUT - ... t--" ...... ----l 

FILTER 

vcc + VCC _ ANLG OTGL VOO 
GNO GNO (OIGI 

TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

RECEIVE SECTION 

-l 
I 

REFERENCE I 

FILTER 

TRANSMIT SECTION 

REF 

SERIAL 
PORT 

RESET 

FSR 

DR 

EOOR 

MSTER CLK 

SHIFT CLK 

WORD/BYTE 

OX 

FSX 

EOOX 

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. 

AID bandpass filter. AID bandpass filter clocking. and AID conversion timing 

The AID 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 AID 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-pa~s 
filter transfer function is frequency-scaled by the ratio of the actual clock frequency to 288 kHz. The ripple 
bandwidth and 3-d8 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 AID sample 
rate to 8 kHz. 

The Internal Timing Configuration and AIC OX 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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PRINCIPLES OF OPERATION (continued) 

The AID 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 AID conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 

AID converter performance specifications 

Fundamental performance specifications for the AID converter circuitry are presented in the AID converter 
.. operating characteristics section of this data sheet. The realization of the AID converter circuitry with 
... switched-capacitor techniques provides an inherent sample-and-hold. 

C 
IIJ .... 
IIJ 
(J) 
::r 
(I) 
(I) .... 
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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. 

D/A 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 AID 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 DI 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 DIA 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 DIA and AID 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 AID conversion timing is derived from, and is equal 
to, the DIA conversion timing. (See description of the WORDIBYTE pin in the Pin Functional Description 
Section.) 

DI A converter performance specifications 

Fundamental performance specifications for the DIA converter circuitry are presented in the DIA converter 
operating characteristics section of the data sheet. The DIA converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 

system frequency response correction 

(Sin x)/x correction for the DI 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. 
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PRINCIPLES OF OPERATION (continued) 

ISin xlix correction can also be accomplished by deleting the on-board second-order correction filter and 
performing the Isin xlix 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 samplin~ates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven T S320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead fac or of 
only 1.1 % and 1.3% for sampling rates of 8 and 9.6 kHz, respectively Isee the Isin xlix Correction Section 
for more detailsl. 

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, WORDIBYTE. 

1. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS320C 17. 

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 TMS3201 0, TMS320C 15, 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 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 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 p.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 Isee AIC OX 
Data Word Format sectionl. 

fJ 
II) ... 
CI) 
CI) 
~ 
en 

CO ... 
CO 
C 

TEXAS • 
INSTRUMENTS 

2-281 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



c 
Q) .... 
Q) 

(f) 
::T 
CD 
CD .... 
en 

TLC320441, TLC32044C 
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PRINCIPLES OF OPERATION (continued) 

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 d21. which are transmitted to the OX 
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 OX 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. 
1/0 DESCRIPTION 

ANlG GNO 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 AID 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 OX Data Word 

Format sectren), 

AUX IN- 23 I Inverting auxiliary analog input (see the above AUX IN + pin description). 

OGTl GNO 9 Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 

DR 5 0 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 elK signal. 

OX 12 I 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 Ale is synchronized with the SHIFT elK Signal. 

EOOR 3 0 ISee 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 AID information have been 

transmitted from the Ale 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-ta-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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PIN 

NAME NO. 
I/O 

EODX 11 0 

FSR 4 0 

FSX 14 0 

IN+ 26 I 

IN- 25 I 

MSTR ClK 6 I 

OUT+ 22 0 

OUT- 21 0 

REF 8 I/O 

RESET 2 I 

SHIFT ClK 10 0 

VDD 7 

VCC+ 20 

VCC- 19 

TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

OESCRIPTION 

ISee 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 Ale. 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-ta-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 

parallel data-bus communications between the Ale and the serial-ta-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 8S 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 AtC. 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.) 

When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 

OX pin of the Ale. 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). 

Noninverting input to analog input amplifier stage 

Inverting input to analog input amplifier stage 

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, af\d 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 AID and D/A converters (see the Internal Timing Configuration). 

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 + . 
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. 

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 C9nfiguration diagram). 

Digital supply voltage, 5 V ± 5% 

Positive analog supply voltage, 5 V ± 5% 

Negative analog supply voltage - 5 V ± 5% 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

PIN 
DESCRIPTION 

NAME NO. 
I/O 

WORD/BYTE 13 I 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. 

Ale transmit and receive sections are operated asynchronously. 

The following description applies when the Ale is configured to have asynchronous transmit and receive sections. 

If the appropriate data bit in the Control register is a 0 (see the Ale ox Data Word Format). the transmit and 

receive sections will be asynchronous. 

L Serial port directly interfaces with the serial port of the TMS320C 17 and communicates in two 

a-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 

1. The FSX or FSR pin is brought low. 

2. One 8·bit byte is transmitted or one 8·bit byte is received. 

3. The EODX or EODi'i pin is brought low. 

4. The FS"X 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 ffi or m pin is brought high. 

4. The EO OX or E'Oi5'R' pin emits a low·going pulse. 

Ale 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 AID 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 RS registers. In this case, the Ale ffi and m timing will be identical 

during primary data communication; however. FSR will not be asserted during secondary data communication 

since there is no new AID 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 TMS320C 17 and communicates in two 

8·bit bytes. The ·operation sequence is as follows (see Serial Port Timing diagrams): 

1. The ffi and m pins are brought low. 

2. One 8·bit byte is transmitted and one 8·bit byte is received. 

3. The EOOX and 'EO'i5"R 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 l'SX and FSl! pins are brought high. 

4. The E015X or EODi'i pins emit low-going pulses. 

Since the transmit and receive sections of the Ale 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 CLOCK r - - - - - - - - - - - , 
5.184 MHz Ill, DIVIDE 8Y 4 

10.368 MHz 121 ____________ .J 

SHIFT CLOCK 
1.296 MHz 11 I 
2.592 MHz 121 

------, 

OPTIONAL EXTERNAL CIRCUITRY 
FOR FULL DUPLEX MODEMS 

- - -;53.6kHz- - - --, 

CLOCK III COMMERCIAL I 
EXTERNAL I 
FRONT-END 

FULL-DUPLEX 
SPLIT-BAND 

I 
I 

FILTERS! I ______ :..J 

L_ 

dO.dl -0.1 
dO.dl - 1.0; 

576-kHz 
L..;.;:":::= __ -J PULSES 

dO.dl -0.1 
dO.dl - 1.0; 

576-kHz 
PULSES 

- - - -- -

DIVIDE BY 2 

TX COUNTER B 
TB-40; 7.2 kHz 
TB - 36; 8.0 kHz 
TB - 30; 9.6 kHz 
TB-20; 14.4 kHz 
TB-15; 19.2 kHz 

DIVIDE BY 2 

RX COUNTER B 
RB=40; 7.2 kHz 
RB-36; 8.0 kHz 
RB-30; 9.6 kHz 
RB-20; 14.4 kHz 
RB-15; 19.2 kHz 

- ----

LOW-PASSI 
ISIN XliX 
CORRECTION 
SWITCHED 
CAP FILTER 
CLK - 288 kHz 
SQUARE WAVE 

DIA 
CONVERSION 
FREQUENCY 

LOW-PASS 
SWITCHED 
CAP FILTER 
CLK - 288 kHz 
SQUARE WAVE 

AID 
CONVERSION 
FREQUENCYI 
HIGH-PASS 
SWITCHED 
CAP FILTER 
CLK 

J -- --
NOTE; Frequency 1. 20.736 MHz. is used to show how 153.6 kHz lIor a commercially available modem split-band filter ciock), 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 Ale can work with high-frequency signals, which are used by high­
speed digital signal processors. 

t Split-band filtering can alternatively be performed after the analog input function via software in the TMS320. 
*These control bits are described in the Ale DX Data Word Format section. 
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TLC320441. TLC32044C 
VOICE·BAND 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. 

Low-pass: 

SCF Clock Frequency 
(D/A or AID Path) 

Conversion Frequency 

High-pass: 

SCF Clock Frequency 
(AID Path) 

Shift Clock Frequency 

Master Clock Frequency 
2 x Contents of Counter A 

SCF Clock Frequency (D/A or AID Path) 
Contents of Counter B 

AID Conversion Frequency 

Master Clock Frequency 
4 

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 AID conversion timing. In order for the 
low-pass switched-capacitor filter in the 01 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 AID 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 AID 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 AID 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 AID conversion period. The TX Counter Band 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 T A Register less the T A' 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 T A' times the signal period of the Master Clock. Thus, the 01 A conversion timing can 
be advanced or retarded. An identical ability to alter the AID 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 AID 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 AID 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 OX word bit pattern 

AID or O/A MSB. 

1st bit sent • I D151 D141 D131 D121 Dlll Dlol 

1 st bit sent of 2nd byte • 091 08 I 07 06 

AIC OX data word format section 

D5 

d151d141d131d121dl~ldl01d91d81d71d61d51d41d31d21dlldO 
primary OX serial communication protocol 

... d15 (MSBI through d2 go to the D/A ~ 10 0 

converter register 

... d15 (MSBI through d2 go to the D/A ~ 1 0 1 

converter register 

... d15 (MSBI through d2 go to the D/A ~Il 0 

converter register 

... d15 (MSBI through d2 go to the D/A ~Il 1 

converter register 

AID or DI A LSB 

• D4 D3 D2 Dl DO I 

COMMENTS 

The TX and RX Counter A's are loaded with the TA and RA 

register values. The TX and AX Counter B's are loaded with TB 

and RB register values. 

The TX and RX Counter A's are loaded with the T A + TA' and 

RA+ RA'register values. The TX and RX Counter B's are loaded 

with the TB and RB register values. NOTE: dl =0, dO = 1 will 

cause the next D/A and AID 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. Ale Responses to Improper Conditions. 

The TX and RX Counter A's are loaded with the T A - TA' and 

RA - RA' register values. The TX and RX Counter B's are loaded 

with the TB and RB register values. NOTE: d 1 = 1, dO = 0 will 

cause the next D/A and AID 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. 

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 RS 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 OAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Commu~ications. 

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 OAC timing, thus preventing the Ale 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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secondary DX serial communication protocol 

x x 1- to-TA register -I x x I - to RA register - I 0 0 d13 and d6 are MSBs (unsigned binary) 

x I- to TA' register - I x 1- to RA' register - I 0 1 d14 and d7 are 2'5 complement sign bits 

x I- to TB register - I x I - to RB register - I 1 0 d14 and d7 are MSBs (unsigned binary) 

x x x x x x d9 x d7 d6 dS d4 d3 d2 1 1 

14 
CONTROL 

--+i 
d2 = 0/1 deletes/inserts the AID high-pass filter 

REGISTER d3 = 0/1 disables/enables the loop back function 

d4 = 0/1 disables/enables the AUX IN + and AUX IN - pins 

dS = 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 xlIx I 
correction filter 

C 
I» 
;- reset function 

en A reset function is provided to initiate serial communications between the AIC and DSP, The reset function 
::r will initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
(1) negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz AID and D/A 
! conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
en will be initialized as follows (see AIC DX Data Word Format section): 

2-288 

REGISTER 

TA 
TA' 
TB 
RA 
RA' 
RB 

INITIALIZED 
REGISTER 

VALUE (HEX) 

9 
1 

24 
9 
1 

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 

t--... --+sv 
200 kll 

O.S ~F 
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power-up sequence 

TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

To ensure proper operation of the Ale, 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 Vec _ to ANLG 
GND and from Vee _ 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, Vee _, then Vee + and VDD. Also, no input signal 
should be applied until after power-up. 

AIC responses to improper conditions 

The Ale has provisions for responding to improper conditions. These improper conditions and the response 
of the Ale to these conditions are presented in Table 1 below. 

AIC register constraints 

The following constraints are placed on the contents of the Ale registers: 

1 . T A 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. (T A register ± T A' 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 CONOITION Ale RESPONSE 

T A register + T A' register ::::: 0 or 1 Reprogram TX Counter A with TA register value 

TA register - TA' register = 0 or 1 

TA register + TA' register < a 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 = 0 or 1 

RA register + RA' register ::::: 0 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 

T A register = 0 or 1 Ale is shut down 

RA register = 0 or 1 

TB register = 0 or 1 Reprogram TB register with 24 HEX 

RS register = 0 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). 

~~~~E~~ 
FSX I I 

~:R 14-0NGOING CONVERSION-+! 

t2 - tl '" "'9.2 kHz 
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VOICE·BAND 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). 

u U 
I I 
IIIIIIIII-------TRANSMIT CONVERSION PERIOD-----~~I 

I I I 
!4-RECEIVE CONV.--*-RECEIVE CONV.--t 

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. 

FSRU 
I 

I I I I 
I4-TRANSMIT CONV.~TRANSMIT CONV .• TRANSMIT CONV.--tt 

PERIOD A PERIOD B PERIOD C 

t2 

U LS 
I I 

~RECEIVE CONVERSION PERIOD A ~ RECEIVE CONVERSION PERIOD B---"'~~I 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

asynchronous operation - more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see Ale DX Data Word Format section) 

FSR 

The T A, T A', 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). 

11 
PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 

TRANSMIT TRANSMIT TRANSMIT I 
CONVERSION CONVERSION CONVERSION ~ 

PERIOD A PERIOD B PERIOD C 

12 

LI 
I I +-RECEIVE CONVERSION .1'1 RECEIVE CONVERSION PERIOD B ~ PERIOD A 
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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

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 AID and DIA paths to be used without using the AID and DIA 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 V or 5 V 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 

TEST D/A PATH TEST (PIN 1 to 5 V) AID 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 AID 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 AID path low-pass or bandpass filter 

(depending upon control bit d2 - see AIC OX 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/BVTE) 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 xlIx 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 ±O.5 V. 

t In the test mode, the Ale responds to the setting of Pin 13 to -5 V, as if Pin 13 were set to 0 V. Thus. the byte mode is selected 
for communicating between DSP and AIC. Either of the path tests lOlA or AID) can be performed simultaneously with the DIA low-pass 
filter test. In this situation. Pin 13 must be connected to - 5 V, which initiates byte-mode communications. 
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M 
U 
X 

PIN 27 (POSITIVEI. 
PIN 28 INEGA TlVEI t 

TEST CONTROL 
IPIN 1 AT 0 VI 

FIGURE 1. BANDPASS OR LOW·PASS FILTER TEST FOR RECEIVER SECTION 

ISin xlix 
CORRECTION 

FILTER 

M 
U 
X 

TEST CONTROL 
......... - (PIN 13 at -5 VI 

PIN 16 (POSITIVE). 
PIN 15 (NEGA TlVEI t 

FIGURE 2. LOW·PASS FILTER TEST FOR TRANSMIT SECTION 

t All analog signal paths have differential architecture and hence have positive and negative components. 
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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

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

Supply voltage, Vcc + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Supply voltage, VDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 15 V 
Output voltage, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 15 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 15 V 
Digital ground voltage ................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 15 V 
Operating free-air temperature range: TLC320441 ......................... - 40°C to 85 °C 

TLC32044C ........................... O°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 vee -. 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 
Supply voltage. VCC + (see Note 21 4.75 5 5.25 V 

Supply voltage, VCC _ (see Note 21 -4.75 -5 -5.25 V 

Digital supply voltage, VDD (see Note 21 4.75 5 5.25 V 

Digital ground voltage with respect to ANLG GND, DGTL GND 0 V 

Reference input voltage, VreHextl (see Note 21 2 4 V 

High-level input voltage, VIH 2 VOO+O.3 V 

Low-level input voltage, VIL (see Note 31 -0.3 0.8 V 

Load resistance at OUT + andlor OUT -, RL 300 !l 

Load capacitance at OUT + andlor OUT -, CL 100 pF 

MSTR CLK frequency (see Note 41 0.075 5 10.368 MHz 

Analog input amplifier common mode input voltage (see Note 5) ± 1.5 V 

AID or D/A conversion rate 19.2 kHz 

Conversion rate 20 kHz 

Operating free-air temperature, T A 
I TLC320441 -40 85 

°c I TLC32044C 0 70 

NOTES: 2. Voltages at analog inputs and outputs, REF, VCC +, and VCC _, are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and VDD 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 (SCFI 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 
(SCFI 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 1 or (AUX IN + - AUX IN -I equals ± 6 V. 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

electrical characteristics over recommended operating free·air temperature range. VCC+ = 5 V. 
VCC- = -5 V. VOO = 5 V (unless otherwise noted) 

total device. MSTR elK frequency - 5.184 MHz. outputs not loaded 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage VDD = 4.75 V. 10H = -300 ~A 2.4 V 

Val Low-level output voltage VDD = 4.75 V. 10l = 2 mA 0.4 V 

TlC320441 40 
ICC+ Supply current from V CC + mA 

TlC32044C 35 

ICC- Supply current from VCC-
TlC320441 

TlC32044C 

-40 

-35 
mA 

100 Supply current from VOO fMSTR ClK = 5.184 MHz 7 mA 

Vref Internal reference output voltage 3 3.3 V 

Temperature coefficient of 
250 ppm/oC aVref 

internal reference voltage 

ro Output resistance at REF 100 k!l 

receive amplifier input 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

AID converter offset error (filters in) 10 70 mV 

CMRR 
Common-mode rejection ratio at IN +, IN - , 

or AUX IN+. AUX IN-
See Note 6 55 d8 

Input resistance at IN +, IN-
100 k!l 'I or AUX IN+. AUX IN-. REF 

transmit filter output 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOO 
Output offset voltage at OUT + or OUT -

15 80 mV 
(single-ended relative to ANlG GNO) 

VOM 
Maximum peak output voltage swing across Rl ;" 300 n. 

±3 V 
Rl at OUT + or OUT - (single-ended) Offset voltage = 0 

VOM 
Maximum peak output voltage swing between 

OUT + and OUT - (differential output) 
Rl ;" 600 n ±6 V 

t All typical values are at T A = 25°C. 
NOTE 6: The test condition is a O-dBm. 1-kHz input signal with an 8-kHz conversion rate. 
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TLC320441. TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

electrical characteristics over recommended operating free-air temperature range. Vcc + = 5 V. 
VCC- = -5 V. VOO '" 5 V (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 Vin = -0.1 dB to -24 dB referred to Vref. 70 
dB 

AID input signal differential See Note 7 62 70 

Attenuation of third and higher single-ended Vin ::::: -0.1 dB to -24 dB referred to Vref. 65 
dB 

harmonics of AID input signal differential See Note 7 57 65 

Attenuation of second harmonic of single-ended Vin ::::: -0 dB to - 24 dB referred to Vref. 70 
dB 

01 A input signal differential See Note 7 62 70 

Attenuation of third and higher single-ended Vin ::::: - 0 dB to - 24 dB referred to Vref. 65 
dB 

harmonics of D/A input signal differential See Note 7 57 65 

C AID channel signal-to-distortion ratio 
m 
r+ 
m 
en 
::r 
(I) 
(I) 
r+ 
en 

PARAMETER 
TEST CONDITIONS Av - ,* Ay - 2* Ay - 4* 

UNIT 
(see Note 7) MIN MAX MIN MAX MIN MAX 

Vin ::::: -6 dB to -0.' dB 58 >58§ >58§ 

Vin ::::: -12 dB to - 6 dB 58 58 >58§ 

Vin ::::: - 18 d8 to - 12 dB 56 58 58 

Vin ::::: - 24 dB to -18 dB 50 56 58 

AID channel signal-to-distortion ratio Vin ::::: -30 dB to -24 dB 44 50 56 dB 

Vin ::::: -36dBto -30dB 38 44 50 

Vin ::::: -42 dB to -36 dB 32 38 44 

Vin ::::: -48 dB to -42 dB 26 32 38 

Vin ::::: - 54 dB to - 48 dB 20 26 32 

t All typical values are at T A = 25°C. 
t Av is the programmable gain of the input amplifier. 
§ A value > 60 is over range and signal clipping occurs. 

DIA channel signal-to-distortion ratio 

PARAMETER 
TEST CONDITIONS 

(see Note 7) 
MIN MAX UNIT 

Vin = - 6 dB to - O. 1 dB 58 

Vin = - 12 dB to - 6 dB 58 

Vin = - 18 dB to - 12 dB 56 

Vin = - 24 dB to - 18 dB 50 

D/A channel signal-to-distortion ratio Vin = .- 30 dB to - 24 dB 44 dB 

Vin = -36 dB to -30 dB .3B 

Vin = - 42 dB to - 36 dB 32 

Vin = -48 dB to -42 dB 26 

Vin = - 54 dB -48 dB 20 

NOTE 7: The test condition is a 1-kHz input signal with an a-kHz conversion rate (0 dB relative to Vref). The load impedance for the DAC 

is 600 O. 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

electrical characteristics over recommended operating free· air temperature range, VCC + 5 V, 
VCC - = - 5 V, VOO = 5 V (unless otherwise noted) (Continued) 

gain and dynamic range 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Absolute transmit gain tracking error while transmitting - 48 dB to 0 dB signal range, 

into 600 11 See Note 8 
±0.05 ±0.15 dB 

Absolute receive gain tracking error 
- 48 dB to 0 dB signal range, 

See Note 8 
±0.05 ±0.15 dB 

power supply rejection and crosstalk attenuation 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Vee + or Vee _ supply voltage f = 0 to 30 kHz Idle channel, supply signal 30 
at 200 mV Pop measured dB 

rejection ratio. receive channel f = 30 kHz to 50 kHz at DR (ADe output) 45 

Vee + or Vee _ supply voltage f=Ot030kHz Idle channel, supply signal 30 
rejection ratio, transmit channel at 200 mV Pop measured dB 

(single-ended) f = 30 kHz to 50 kHz 
at OUT + 45 

Crosstalk attenuation, transmit-ta-receive (single-ended) 80 dB 

tAil typical values are at TA = 25°e. 
NOTE 8: Gain tracking is relative to the absolute gain at 1 kHz and 0 dB (0 dB relative to Vref). 
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TLC320441. TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

delay distortion 

bandpass filter transfer function. SCF fclock .., 288 kHz. input liN + - IN -) is a ± 3-V sinewave t 
(see Note 9) 

PARAMETER TEST CONDITION 
FREQUENCY 

RANGE 
ADJUSTMENT ADDEND* MIN TYP§ MAX UNIT 

f s 50 Hz Kl x 0 dB -33 -29 -25 

f = 100 Hz Kl x - 0.26 dB -4 -2 -1 

f - 150 Hz to 3100 Hz Kl x 0 dB -0.25 0 0.25 

f = 3100 Hz to 3300Hz Kl x 0 dB -0.3 0 0.3 

Filter gain 
Input signal 

f = 3300 Hz to 3650 Hz Kl x 0 dB -0.5 0 0.5 dB 
reference is 0 dB 

f = 3800 Hz Kl x 2.3 dB -5 -3 -1 

f = 4000 Hz Kl x 2.7 dB -20 -17 -16 

f '" 4400 Hz Kl x 3.2 dB -40 

f '" 5000 Hz Kl x 0 dB -65 

low-pass filter transfer function. SCF fclock "" 288 kHz (see Note 9) 

PARAMETER TEST CONDITION 
FREQUENCY 

ADJUSTMENT ADDEND* 
RANGE 

MIN TYP§ MAX UNIT 

f = OHzt03100Hz Kl x 0 dB -0.25 0 0.25 

f = 3100 Hz to 3300Hz Kl x 0 dB -0.3 0 0.3 

f = 3300 Hz to 3650 Hz Kl x 0 dB -0.5 0 0.5 

Filter gain 
Input signal 

f = 3BOO Hz Kl x 2.3 dB -5 -3 -1 dB 
reference is 0 dB 

-16 f = 4000 Hz Kl x 2.7 dB -20 -17 

f '" 4400 Hz Kl x 3.2 dB -40 

f '" 5000 Hz Kl x 0 dB -65 

serial port 

PARAMETER TEST CONDITIONS MIN TYP§ MAX UNIT 

VOH High·level output voltage IOH = -300/LA 2.4 V 

VOL low-level output voltage IOL = 2 mA 0.4 V 

II Input current ±10 /LA 

Ci Input capacitance 15 pF 

Co Output capacitance 15 pF 

t See filter curves in typical characteristics. 
~The MIN, TYP, and MAX specifications are given for a 28B·kHz SCF clock frequency. A slight error in the 2BB-kHz SCF may result from 

inaccuracies in the MSTR elK 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 Kl = 100. ilSCF frequency - 2BB kHz)1 
2BB kHz]. For errors greater than 0.25%, see Note 10. 

§ All typical values are at T A = 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 0 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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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

operating characteristics over recommended operating free-air temperature range. Vee + '" 5 V. 
Vee- = -5 V. Voo '" 5 V 

noise (measurement includes low-pass and bandpass switched-capacitor filters) 

PARAMETER TEST CONDITIONS Typt MAX UNIT 

I with (sin xlix 550 jlVrms 

Transmit noise I without Isin xlix 
OX input = 00000000000000, constant input code 325 425 p.V rms 

18 dBrncO 

300 500 p.V rms 
Receive noise (see Note 11) Inputs grounded, gain = 1 

18 dBrncO 

timing requirements 

serial port recommended input signals 

PARAMETER MIN MAX UNIT 

tclMCLKI Master clock cycle time 95 ns 

trlMCLKI Master clock rise time 10 ns 

tflMCLKI Master clock fall time 10 ns 

Master clock duty cycle 25% 75% 

RESET pulse duration (see Note 121 800 ns 

tsulOXI ox setup time before SCLKI 20 ns 

thlDXI OX hold time after SCLKI t c lSCLKI/4 ns 

t All typical values are at T A = 25 "C. 
NOTES: 11. The noise is computed by statistically evaluating the digital output of the AID 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 opereting free-air temperature range, Vee + 5 V, 
Vee- = -5 V, VOO .. 5 V (continued) 

serial port - AIC output signals 

PARAMETER MIN MAX 

tclSCLKI Shift clock ISCLKI cycle time 380 

tf(SCLKI Shift clock (SCLKI fall time 50 

t,lSCLKI Shift clock ISCLKI rise time 50 

Shift clock ISCLKI duty cycle 45 55 

tdICH-FLI Delay from SCLKt to FSR/FSXI 90 

tdICH-FHI Delay from SCLKt to FSR/FSX1 90 

tdICH-DRI DR valid after SCLK t 90 

tdwICH-ELI Delay from SCLKt to EODX/EODRI in word mode 90 

tdwICH-EHI Delay from SCLKt to EODX/EODRt in word mode 90 

tflEODXI EODX fall time 15 

tflEODRI EODR fall time 15 

tdbICH-ELJ Delay from SCLKt to EODX/EODRI in byte mode 100 

tdbICH-EHI Delay from SCLKt to EODX/EODRt in byte mode 100 

TABLE 2_ GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE AID CONVERSION) 

CONTROL REGISTER BITS 
ANALOG INPUTt 

AID CONVERSION 
INPUT CONFIGURATIONS 

d6 d7 RESULT 

Differential configuration 1 1 ±6 V full-scale 

Analog input = IN + - IN- 0 0 

= AUX IN+ - AUX IN- 1 0 ±3 V full-scale 

0 1 ± 1.5 V full-scale 

Single-ended configuration 1 1 ±3 V half-scale 

Analog input = IN + - ANLG GND 0 0 

= AUX IN + - ANLG GND 1 0 ±3 V full-scale 

0 1 ± 1.5 V full-scale 

t In this example, Vref is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input 
not exceed 0.1 d8 below full scale. 

Rfb Rfb 

R R 

UNIT 

ns 

ns 

ns 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

R R ~ TO MUX 

IN+-""' .......... -t 

IN--""',..,.. ... -t 
~ TO MUX 

AUX IN + -'V'Y~'-'-I 

AUX IN - -""'~"'-I 

2-300 

Rfb 

Rfb = R for d6 - 1. d7 = 1 
d6 - O. d7 = 0 

Rfb - 2R for d6 - 1. d7 = 0 
Rfb = 4R for d6 - O. d7 = 1 

FIGURE 3_ IN + AND IN - GAIN 
CONTROL CIRCUITRY 

Rfb 

Rfb - R for d6 = 1. d7 - 1 
d6 = O. d7 - 0 

Rfb - 2R for d6 - 1. d7 - 0 
Rfb - 4R for d6 - O. d7 _ 1 

FIGURE 4. AUX IN + AND AUX IN­
GAIN CONTROL CIRCUITRY 
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(sin xl/x correction section 

TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

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 xlIx 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 xlix ROLL-OFF 

20 log sin ~ III s 
T flfs 

fs 1Hz 1 
If - 3000 Hzl 

IdBI 

7200 -2.64 

8000 -2.11 

9600 - 1.44 

14400 -0.63 

19200 -0.35 

Note that the actual AIC (sin xlix roll-off will be slightly less than the above figures, because the Ale has 
less than a 100% duty cycle hold interval. 

correction filter 

To compensate for the (sin xlix roll-off of the AIC, a first-order correction filter shown below, is 
recommended. 

Uli+ 11 t----------~t--.. yli+ 11 

p1 

The difference equation for this correction filter is: 

Yi+1 = p2(1-p1) (Ui+11+p1 Yi 

where the constant p1 determines the pole locations. 

The resulting squared magnitude transfer function is: 

IH(f)12 = p22 (1-p11 2 

1 - 2p1 cos(2" f/fs) + p1 2 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

correction results 

Table 4 below shows the optimum p values and the corresponding correction results for BODO-Hz and 
9600-Hz sampling rates. 

TABLE 4 

ERROR (dB) ERROR (dB) 

I (Hz) 
Is = BOOO Hz Is = 9600 Hz 

p1 = -0.14B13 pl - -0.1307 

p2 = 0.9BBB p2 - 0.9951 

300 -0.099 -0.043 

600 -0.089 -0.043 

900 -0.054 0 

1200 -0.002 0 

1500 0.041 0 

1800 0.079 0.043 

2100 0.100 0.043 

2400 0.091 0.043 

2700 -0.043 0 

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 1/0 sample. The coefficients k 1 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) 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

byte-mode timing 

--'If"lf(SClKI ~l"""lr(SCLKI ~lc(SCLKI 

SHIFT CLK 
I 0.8 V 

I ( ( 
I 0,8 V I I I 

Id(CH-FLI~ 10- I I ~ !.-ld(CH-FHI ----I Io-ld(CH-Fll Id(CH-FH~ 10-
, I I I;.,' ,.,,-_______ ...,1 II 

~, 1'V a .• v~ IP-
I I 1-----/ "----JfJ-J -----71 

I 4i tt-~d(CH-ORI : 

DR __ ..:0:...:1..:5 __ ~~~-.,.. ___ D_8 ______ \Gir!lJYD ... 0_l __ 0_0-+1 __ _ 
~ I I 

Isu(OXI--ot It-- I I 

~~t~QG~I}-_--.!O:!.!O:!!N~'.!T~C~A~R!!E~_-{:§:J.~~'~ OX ~~ 09 08
1 

07 06~ 

----.I I.-lh(0I-X_I ___ ~---.~ldb(CH-ELI Idb(CH-EHI~ jo--

EODR. EOOX----------;u t"'~a:.;; .• :..v'__ __________ _{:.I-, ______ .....Jr---
word-mode timing 

1o--*lc(SClKI 
, I 

SHIFT ClK I I 
I 

I O.B vI I 0.8 V 0.8 V : 

~ 10-- I I Id(CH-FHI~ 10-
, I I r.:-:,....;----- ----..! i I I1'V 

FSX. FSR a .• v""-------+--t----;; .f-' ______ .jI1 

: -+\ !"-ld(CH-ORI : 

OR ___ 0_l_5 __ ~~_0_1_..:0~O~:~_~ ___ _ 

Isu(OXI~ \0-- I 
I I 

OX----C~0~1~5~~~~0~1~3)G~~2o~1~1~ 
I I I I 

--"1 ~ Ih(OXI Idw(CH-ELI~ 10- --+I Io-ldw(CH-EHI 

----------J:.~'--------~~ j~--
EOOX. EOOR a .• v~'v 

FIGURE 5. SERIAL PORT TIMING 
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TLC320441. TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

TMS32010 FSX 
SN74lS299 

~ S1 QH' ox 
DEN G2 

L- G1 SO ClK< -
V1 -

G1 TLC32044 
AO/PAO A 08-015 

VO -
A1/PA1 B \ A-H SR 
A2/PA2 C , 

-0=-SN74lS138 SN74lS299 SHIFT ClK 

DD - S1 QH' 
'--- (;2 G-& SO ClK 

(;1 
00-015 00-07 C1 

00-015 \ \ A-H SR 10 DR , 

~ WE _/ r-Ll ClK OUT MSTR ClK 

INT EOOX 

FIGURE 6, TMS32010/TMS320C15-TLC32044 INTERFACE CIRCUIT 

in instruction timing 

ClK OUT 
---' 

I 
I ~I-------------------------L--____ -+I-'_ 
I 

SO, G1 I 
I 

---------------------~~~~~I>------------------------------------00-015 ( VALID ) 

out instruction timing 

ClKOUT ___ ....... I 

SN74lS138 V1 

SN74lS299 elK 

00-015 ( VALID ) 

FIGURE 7, TMS32010/TMS320C15-TLC32044 INTERFACE TIMING 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AIC TRANSMIT AND RECEIVE LOW·PASS FILTER 
20 
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FIGURE 8 

AIC RECEIVE-CHANNEL BANDPASS FILTER 
20 

10 

0 
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Low-pass SCF clock f = 288 kHz 
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FIGURE 10 

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER 

3 
SCF clock f = 288 kHz 

TA = 25°C 

2.5 Input = ± 3-V sinewave 
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FIGURE 9 

AIC RECEIVE-CHANNEL HIGH-PASS FILTER 
20 

SCF clock f = 8 kHz 

10 TA = 25°C 
Input = ± 3-V sinew ave 
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FIGURE 11 
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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AIC RECEIVE CHANNEL BANDPASS FILTER 

2.S 

!II 2.0 
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I 
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~ 1.S 
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Q. 
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C1 

a> 
"C 
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FIGURE 12 

(SIN XliX CORRECTION FILTER 

(lxl 1/ i.-
cor~ filter 
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FIGURE 14 

AIC (SIN XliX CORRECTION FILTER 
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FIGURE 13 

AID SIGNAL-TO-DISTORTION RATIO 
vs 

INPUT SIGNAL 

1·kHz input signal 
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FIGURE 15 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AID GAIN TRACKING 
(GAIN RELATIVE TO GAIN AT 0 dB INPUT SIGNAL) 
0.5.----,----,----,---,,---,----, 
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FIGURE 16 
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TLC320441. TLC32044C 
VOICE·BANO ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 
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TLC320441. TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 
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TLC320441, TLC32044C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL APPLICATION INFORMATION 

TMS32020/C25 TlC32044 

ClKOUT t----\ MSTR ClK VCC+ ~----------------,---+5V 

FSXt-_--\ 
oxt-_--\ 

FSRI--_-~ 

ORI--_-~ 

ClKR I--< ...... ~-\ 
ClKX 

FSX 
OX 

FSR 

OR 

SHIFT ClK 

REF C 
ANlG GNO 

VCC-

VOO 

C - 0.2 pF. CERAMIC 

FIGURE 23. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND 
SCHOTTKY DIODEt 

VCC 

R 

... ---.-----+--------3-V OUTPUT 

500 Il 
0.01 pF 

Tl431~-_. 

2500 Il 

o 

FOR: VCC - 12 V. R - 7200 Il 
VCC - 10 V. R - 5600 Il 
VCC - 5 V. R - 1600 Il 

FIGURE 24. EXTERNAL REFERENCE CIRCUIT FOR TLC32044 
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• 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. 

TLC320451, TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

NU 
RESET 

EODR 
FSR 

DR 

MSTR ClK 

VDD 
REF 

DGTl GND 
SHIFT ClK 

EODX 

OX 
WORD/BYTE 

FSX 

N PACKAGE 
ITOP VIEW) 

FN PACKAGE 
(TOP VIEW) 

03188, DECEMBER 1988 

NU 
NU 
IN + 
IN 
AUX IN + 
AUX IN 

OUT+ 
OUT 

VCC + 
VCC 
ANlG GND 
ANlG GND 

NU 

NU 

432 1 282726 

DR 
MSTR ClK 

VDD 
REF 

DGTl GND 

SHIFT ClK 

EODX 

5 

6 

7 

8 

9 

10 

11 

12131415161718 

25 

24 

23 

22 

21 

20 

19 

IN -

AUX IN+ 
AUX IN­

OUT+ 
OUT­

VCC+ 
VCC-

NU - Nonusable; no external connection should be made to these 
pins. See Table 2, 

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 I. 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. 

Copyright © 1988. Texas Instruments Incorporated 
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TLC320451, TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

description (continued) 

2-312 

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 ICcan 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 xlix 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 xl/x correction filter can be switched out of the signal path using digital signal processor 
control, if desired. 

The TLC320451 is characterized for operation from - 40 DC to 85 DC, and the TLC32045C is characterized 
for operation from ODC to 70 DC. 
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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. 

AID bandpass filter. AID bandpass filter clocking. and AID conversion timing 

The AID 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 AID 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-d8 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 AID sample 
rate to 8 kHz. 

The Internal Timing Configuration and AIC OX 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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TLC320451, TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

PRINCIPLES OF OPERATION (continued) 

The AID 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 AID conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 

AID converter performance specifications 

Fundamental performance specifications for the AID converter circuitry are presented in the AID converter 
operating characteristics section of this data sheet. The realization of the AID 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. 

D/A 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 AID 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 xlix 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 DIA 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 DIA 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 DIA and AID 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 AID conversion timing is derived from, and is equal 
to, the DIA conversion timing. (See description of the WORDIBYTE pin in the Pin Functional Description 
Section.) 

D/A converter performance specifications 

Fundamental performance specifications for the DI A converter circuitry are presented in the DI A converter 
operating characteristics section of the data sheet. The DIA 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. 
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TLC320451, TLC32045C 
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 ± O. 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 TMS320C 17. 

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 TMS320C 1 7. 

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 TMS3201 0, 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 flA 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 

PRINCIPLES OF OPERATION (Continued) 

loopback 

This feature allows the user to test the circuit remotely. In loop back. the OUT + and OUT - pins are internally 
connected to the IN + and IN - pins. Thus. the DAC bits (d15 to d21. which are transmitted to the OX 
pin. can be compared with the ADC bits (d15 to d21. which are received from the DR pin. An ideal comparison 
would be that the bits on the DR pin equal the bits on the OX 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. 
1/0 DESCRIPTION 

ANlG GND 17.18 Analog ground return for aU 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 AID 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 Ale OX Data Word 

Format section). 

AUX IN- 23 I Inverting auxiliary analog input (see the above AUX IN + pin description). 

DGTl GND 9 Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 

DR 5 0 This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission 

of bits from the Ale to the TMS320 serial port is synchronized with the SHIFT elK signal. 

OX 12 I 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 Ale is synchronized with the SHIFT elK signal. 

EODR 3 0 (See the WORDIBYTE 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 AID 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 serialwtowparallel shift registers. During the byte-mode timing, this signal goes low 

after the first byte has been transmitted from the Ale 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 TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



PIN 

NAME NO. 
I/O 

EODX 11 0 

FSR 4 0 

FSX 14 0 

IN+ 26 I 

IN- 25 I 

MSTR CLK 6 I 

OUT+ 22 0 

OUT- 21 0 
REF 8 110 

RESET 2 I 

SHIFT CLK 10 0 

VDD 7 

VCC+ 20 

VCC- 19 

TLC320451. TLC32D45C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

OESCRIPTION 

(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 Ale. 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-ta-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 

parallel data-bus communications between the Ale and the serial-ta-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 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.) 

When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 

OX 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). 

Noninverting input to analog input amplifier stage 

Inverting input to analog input amplifier stage 

The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 

switchedwcapacitor 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 switchedwcapacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 

Noninverting output of analog output power amplifier. Can drive transformer hybrids or highwimpedance loads 

directly in either a differential or a singlewended configuration. 

Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT + . 
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 T A, 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 negativewgoing pulse on the RESET 

pin, the AIC registers will be initialized to provide an 8wkHz data conversion rate for a 5.184wMHz 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 Ale OX Data Word Format section). 

d9 ~ 1, d7 ~ 1. d6 ~ 1. d5 ~ 1. d4 ~ 0, d3 ~ 0, d2 ~ 1 

This initialization allows normal seria/wport communication to occur between AIC and esp. 
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). 

Digital supply voltage. 5 V ± 5% 

Positive analog supply voltage, 5 V ± 5% 

Negative analog supply voltage - 5 V ± 5% 

II 
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TLC320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

PIN 
NAME NO. 

WORO/BYTE 13 

I/O OESCRIPTION 

I This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 
modes. These tour serial modes are described below. 
Ale transmit and receive sections are operated asynchronously. 
The following description applies when the Ale is configured to have asynchronous transmit and receive sections. 
If the appropriate data bit in the Control register is a 0 (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 TMS320C 17 and communicates in two 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 

1. The FSX or FSR pin is brought low. 
2. One 8-bit byte is transmitted or one 8-bit byte is received. 
3. The E<>i5X or EOi5R pin is brought low. 
4. The FSX or ~ pin emits a positive frame-sync pulse that is 

four Shift Clock cycles wide. 
5. One 8~bit byte is transmitted or one a-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 l6-bit word is transmitted or one l6-bit word is received. 

3. The FSX or FSR pin is brought high. 
4. The EOl5X or EODR pin emits a low-going pulse. 

Ale 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 AID 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 AID 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 TMS320C 17 and communicates in two 

a-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 
1. The FSX and FSR pins are brought low. 
2. One a-bit byte is transmitted and one a-bit byte is received. 
3. The EOiii( and EOi5R 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 l6-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 EOi5R pins emit low-going pulses. 

Since the transmit and receive sections of the Ale 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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TLC32D451, TLC32D45C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

INTERNAL TIMING CONFIGURATION 

MASTER CLOCK r - - - - - - - - - - - -, 
5.184 MHz III I DIVIDE BY 4 

10.368 MHz 121 __________ __ .J 

SHIFT CLOCK 
_1.296 MHz 111 

2,592 MHz 121 

------, 

FOR FULL DUPLEX MODEMS ----------, 
~~~~Kk~~ I 

COMMERCIAL 
EXTERNAL I 
FRONT-END I 
F~;~~~=~~X I 

FilTERS! I 
______ :J 

dO,d, -0,1 
dO,dl-l,Oi 

dO,dl -0,0 dO,dl=O,l 
dO,dl=I,1 i dO,d'-',Oi 

RX COUNTER A 
IRA - 91111 
IRA - 181211 
16 BITSI 

576-kHz 
PULSES 

L_ - - - - - -

DIVIDE BY 2 

TX COUNTER B 
TB-40; 7,2 kHz 
TB-36; 8.0kHz 
TB - 30; 9.6 kHz 
TB = 20; 14.4 kHz 
TB-15; 19,2 kHz 

DIVIDE BY 2 

RX COUNTER B 
R8-40; 7.2 kHz 
RB-36; 8,0 kHz 
RB-30; 9.6 kHz 
RB-20; 14.4 kHz 
RB= 15; 19.2 kHz 

- ----

lOW-PASSI 
ISIN XliX 
CORRECTION 
SWITCHED 
CAP FILTER 
ClK = 288 kHz 
SQUARE WAVE 

DIA 
CONVERSION 
FREQUENCY 

lOW-PASS 
SWITCHED 
CAP FilTER 
ClK - 288 kHz 
SQUARE WAVE 

AID 
CONVERSION 
FREQUENCYI 
HIGH-PASS 
SWITCHED 
CAP FilTER 
ClK 

J ----
NOTE; Frequency " 20,736 MHz, is used to show how 153,6 kHz Ifor a commercially available modem split-band filter clockl, 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 Ale 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. 
tThese control bits are described in the Ale DX Data Word Format section. 
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TLC320451, TLC32045C 
VOICE·BAND 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. 

Low-pass: 

SCF Clock Frequency 
(D/A or AID Path) 

Conversion Frequency 

High-pass: 

SCF Clock Frequency 
(AID Path) 

Shift Clock Frequency 

Master Clock Frequency 
2 x Contents of Counter A 

SCF Clock Frequency (D/A or AID Path) 
Contents of Counter B 

AID Conversion Frequency 

Master Clock Frequency 
4 

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 AID conversion timing. In order for the 
low-pass switched-capacitor filter in the DI 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 AID 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 AID 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 AID 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 AID conversion period. The TX Counter Band 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 T A 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 T A' 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 AID 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 ,conyersion timing is particularly useful for modem applications. This feature 
allows controlled changes in the AID 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 OX word bit pattern 

A/O or O/A MSB, 

1st bit sent 1st bit sent of 2nd byte A/O or O/A LSB 

I 015101410131012101110101 091 08 I 07 06 05 04 03 02 01 00 

AIC OX data word format section 

d1Sld141d131d121d111d10ld91dSld71dSldSld41d31d21d11dO COMMENTS 

primary OX serial communication protocol 

_ d 15 I MSBI through d2 go to the 01 A -+ I 0 0 The TX and RX Counter A's are loaded with the TA and RA 

converter register register values. The TX and RX Counter B's are loaded with TB 

and RS register values. 

_ d15 IMSBI through d2 go to the O/A -+ I 0 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 

with the TB and RB register values. NOTE: d 1 = 0, dO = 1 will 

cause the next O/A and AID 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. Ale Responses to Improper Conditions. 

_ d15 (MSBI through d2 go to the O/A -+ I 1 0 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 

with the TB and RB register values. NOTE: d1 = 1. dO=O will 

cause the next 01 A and AID conversion periods to be changed 

by the subtraction of TA' and RA' Master Clock cycles, in which 

TA' and AA' can be positive or negative or zero. Please refer to 

Table 1. Ale Responses to Improper Conditions. 

_ d15 (MSBI through d2 go to the O/A -+ I 1 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 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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secondary OX serial communication protocol 

x xl - to TA register -I x x I - to RA register - 1 0 0 d 13 and d6 are MSBs (unsigned binaryl 

x 1 - to TA' register -I x 1- to RA' register - 1 0 1 d14 and d7 are 2's complement Sign bits 

x 1 - to TB register - 1 x 1 - to RB register - 1 1 0 d 14 and d7 are MSBs (unsigned binaryl 

x x x x x x d9 x d7 d6 d5 d4 d3 d2 1 1 

I-
CONTROL 
~ 

d2 = 0/1 deleteslinserts the A/D high pass filter 

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 Sectionl 

d7 = 0/1 gain control bits (see Gain Control Section I 

d9 = a/I delete/insert on-board second-order (sin xl/x 

correction filter 

reset function 

2-322 

A reset function is provided to initiate serial communications between the AIC and OSP. 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 AID and OIA 
conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
will be initialized as follows (see AIC OX Data Word Format section): 

REGISTER 

TA 
TA' 
TB 
RA 
RA' 
RB 

INITIALIZED 
REGISTER 

VALUE (HEX) 

9 
1 

24 
9 
1 

24 

The CONTROL register bits will be reset as follows (see AIC OX 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 OSP. 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 OX 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 OGTL GNO. 

TLC32045 

rVv:;:c:;:c::+l--..--- + 5 V 

200 k!l 

0.5 ~F 

1----4~- - 5 V 
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TLC320451. TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

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 VDD. 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 . T A 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 - 0 or 1 Reprogram TX Counter A with TA register value 

TA register - TA' register = 0 or 1 

T A register + TA' register < 0 MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 

i.e., T A register + TA I 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 = 0 or 1 

RA register + RA' register = 0 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 

T A register = 0 or 1 AIC is shut down 

RA register = 0 or 1 

TS register - 0 or 1 Reprogram TB register with 24 HEX 

RB register = 0 or 1 Reprogram RB register with 24 HEX 

Ale and OSP 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 Ale 
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). 

~~~~E~~ 
FSX I I 

~:R i4-0NGOING CONVERSION-.t 

12 - 11 ? 1/19.2 kHz 

EJ 
CI) ... 
Q) 
Q) 
.c 
en 
ctI ... 
ctI 
C 
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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). 

u U 
I I 
1II1e------TRANSMIT CONVERSION PERIOD------+l.1 

I I I 
!4-RECEIVE CONV.-+!f--RECEIVE CONV.~ 

PERIOD A PERIOD 8 

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. 

FSRLj 

I 

I I I I 
14-TRANSMIT CONV ..... TRANSMIT CONV. "* TRANSMIT CONV. ~ 

PERIOD A PERIOD 8 PERIOD C 

12 u U 
I I 

!4----RECEIVE CONVERSION PERIOD A ~ RECEIVE CONVERSION PERIOD 8---...... 1 
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asynchronous operation - more than one set of primary and secondary OX serial communication 
occurring between two receive frame sync (see Ale OX Data Word Format section) 

FSR 

The T A, T A', 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). 

I, 
PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 

TRANSMIT I TRANSMIT TRANSMIT 

CONVERSION ~ CONVERSION CONVERSION 
PERIOD A PERIOD B PERIOD C 

12 

Ll 
+-RECEIVE CONVERSION 

I I 
~ RECEIVE CONVERSION PERIOD B ~ PERIOD A 

II 
(I) ... 
G) 
G) 
.c: 
en 

C'CI ... 
C'CI 
C 
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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 reai applications, however, they allow the filters in 
the AID and DIA paths to be used without using the AID and DIA converters. 

In normal operation, the non usable (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 
o V or 5 V to pin 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 

TEST DIA PATH TEST (PIN 1 to 5 VI AID PATH TEST (PIN 1 to 01 

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 AID 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 AID path low-pass or bandpass filter 

Idepending upon control bit d2 - see AIC OX Data 

Word Format section) are brought out to these pins. If 

the high-pass section is inserted, the output will have a 

Isinxllx 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 130-pFI loads. 

DIA PATH LOW-PASS FILTER TEST; PIN 13 (WORDIBYTEI to -5 V 

TEST FUNCTION 

15 and 16 The inputs of the O/A path low-pass filter are brought out to pins 15 and 16. The DIA input to this filter is removed. 

II the Isin xlix 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 01 Pin 13 to - 5 V. as il Pin 13 were set to 0 V. Thus. the byte mode is selected 
for communicating between DSP and Ale. Either of the path tests (O/A or AID) can be performed simultaneously with the OIA low-pass 
filter test. In this situation, Pin 13 must be connected to - 5 V, which initiates byte-mode communications. 
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M 
U 
X 

PIN 27 IPOSITIVE), 
PIN 28 INEGATIVE)t 

TEST CONTROL 
IPIN 1 AT 0 V) 

FIGURE 1, BANDPASS OR LOW-PASS FILTER TEST FOR RECEIVER SECTION 

ISin xlix 
CORRECTION 

FILTER 

M 
U 
X 

......... _ TEST CONTROL 
IPIN 13 at -5 V) 

PIN 16 IPOSITIVE), 
PIN 15 INEGATIVE) t 

FIGURE 2, LOW-PASS FILTER TEST FOR TRANSMIT SECTION 

t All analog signal paths have differential architecture and hence have positive and negative components. 
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TLC320451, TLC32045C 
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absolute maximum ratings over operating free-air temparature range (unless otherwise noted) 

Supply voltage, VCC + (see Note 1) . . - 0.3 V to 15 V 
Supply voltage, VDD . - 0.3 V to 15 V 
Output voltage, Vo . . -0.3 V to 15 V 
Input voltage, VI .... - O. 3 V to 15 V 
Digital ground voltage - O. 3 V to 15 V 
Operating free-air temperature range: TLC320451 ......................... -40°C to 85°C 

TLC32045C ........................... ooC 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 vee -. 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage. VCC + Isee Note 2) 4.75 5 5.25 V 

Supply voltage, VCC- Isee Note 2) -4.75 -5 -5.25 V 

Digital supply voltage, VDD Isee Note 2) 4.75 5 5.25 V 

Digital ground voltage with respect to ANLG GND, DGTL GND 0 V 

Reference input voltage, Vreflext) Isee Note 2) 2 4 V 

High-level input voltage, VIH 2 VOO+0.3 V 

Low-level input voltage, VIL Isee Note 3) -0.3 0.8 V 

Load resistance at OUT + and/or OUT -, RL 300 Il 

Load capacitance at OUT + and lor OUT -, CL 100 pF 

MSTR CLK frequency Isee Note 4) 0.075 5 10.368 MHz 

Analog input amplifier common mode input voltage (see Note 5) ± 1.5 V 

AID or D/A conversion rate 19.2 kHz 

Conversion rate 1 20 kHz 

I TLC320451 -40 85 
Operating free-air temperature, T A °c I TLC32045C 0 70 

NOTES: 2. Voltages at analog inputs and outputs, REF, VCC +, and VCC _, are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and VDD 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 datB sheet 
for logic voltage levels and temperature only. 

4. The bandpass switched-capacitor filter ISCF) 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 
ISCF) 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 IIN+ - IN-) or IAUX IN+ - AUX IN-) equals ±6 V. 
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electrical characteristics over recommended operating free-air temperature range, vee + 5 V, 
vee - = - 5 V, voo = 5 V (unless otherwise notedl 

total device, MSTR elK frequency = 5.184 MHz, outputs not loaded 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOH High-level output voltage VOD =4.75V. IOH = -300 pA 2.4 V 

Val LowMlevel output voltage VOO = 4.75 V. IOl = 2 rnA 0.4 V 

TLC320451 45 
ICC..- Supply current from Vee + rnA 

TLC32045C 40 

TLC320451 -45 
ICC- Supply current from VCC- rnA 

TlC32045C -40 

IDO Supply current from VDD fMSTR ClK = 5.184 MHz 7 rnA 

Vref Internal reference output voltage 2.9 3.4 V 

Temperature coefficient of 
250 pprn/oC aVref 

internal reference voltage 

ro Output resistance at REF 100 k!l 

receive amplifier input 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

AID converter offset error (filters inl 10 75 rnV 

CMRR 
Common-mode rejection ratio at IN +, IN -, 

or AUX IN+. AUX IN-
See Note 6 55 dB 

Input resistance at IN +, IN-
100 k!l 'I or AUX IN+. AUX IN-. REF 

transmit filter output 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VOO 
Output offset voltage at OUT + or OUT -

15 80 rnV 
(single-ended relative to ANlG GND) 

YOM 
Maximum peak output voltage swing across Rl 2: 300!l. 

±3 V 
Rl at OUT + or OUT - (single-ended) Offset voltage = 0 

YOM 
Maximum peak output voltage swing between 

RL 2: 600!l ±6 V 
OUT + and OUT - (differential output) 

t All typical values are at T A = 25°C. 

NOTE 6: The test condition is a O-dBm, 1-kHz input signal with an 8-kHz conversion rate. 
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electrical characteristics over recommended operating free-air temperature range. Vee + .. 5 V. 
Vee - - - 5 V. Voo '" 5 V (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 Vin = -0.1 dB to - 24 dB referred to Vref. 70 
dB 

AID input signal differential See Note 7 55 70 

Attenuation of third and higher single-ended Vin = -0.1 dB to - 24 dB referred to Vref. 65 
dB 

harmonics of AID input signal differential See Note 7 55 65 

Attenuation of second harmonic of single-ended Yin ~ -0 dB to -24 dB referred to Vref. 70 

01 A input signal differential 
dB 

See Note 7 55 70 

Attenuation of third and higher single-ended Vin = -0 dB to - 24 dB referred to Vref. 65 
dB 

harmonics of 01 A input signal differential See Note 7 55 65 

C AID channel signal-to-distortion ratio 
I» 
r+ 
I» 

en 
:::r 
(1) 
(1) 
r+ 
(I) 

TEST CONDITIONS Ay - 1* Ay - 2* Ay - 4* 
PARAMETER UNIT 

(see Note 7) MIN MAX MIN MAX MIN MAX 

Vin = -6dBto -0.1 dB 55 >55§ >55§ 

Vin = - 12 dB to - 6 dB 55 55 >55§ 

Vin = - 18 dB to - 12 dB 53 55 55 

Yin ~ - 24 dB to - 18 dB 47 53 55 

AID channel signal-ta-distortion ratio Vin = -30 dB to -24 dB 41 47 53 dB 

Vin = -36 dB to -30 dB 35 41 47 

Vin = -42 dB to -36 dB 29 35 41 

Vin = -48 dB to -42 dB 23 29 35 

Vin = -54 dB to -48 dB 17 23 29 

DIA channel signal-to-distortion ratio 

PARAMETER 
TEST CONDITIONS 

(see Nate 7) 
MIN MAX UNIT 

Vin = -6 dB to -0.1 dB 55 

Vin = - 12 dB to - 6 dB 55 

Vin = - 18 dB to - 12 dB 53 

Vin = - 24 dB to - 18 dB 47 

01 A channel signal-ta-distortion ratio Vin = -30 dB to -24 dB 41 dB 

Vin = -36dBto -30dB 35 

Vin = -42dBto -36dB 29 

Vin = -48 dB to -42 dB 23 

Vin ~ -54 dB to -48 dB 17 

t All typical values are at T A ~ 25°C. 
t Av is the programmable gain of the input amplifier. 
§ A value> 55 is over range and signal clipping occurs. 
NOTE 7: The test condition is a 1 ~kHz input signal with an a-kHz conversion rate (0 dB relative to Vref). The load impedance for the DAC 

is 600 O. 
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electrical characteristics over recommended operating free-air temperature range. Vcc+ - 5 V. 
VCC- = -5 V. VOO = 5 V (unless otherwise noted) 

gain and dynamic range 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Absolute transmit gain tracking error while transmitting -42 dB to 0 dB signal range. 
±0.05 ±0.15 dB 

into 600 (] See Note 8 

Absolute receive gain tracking error 
- 42 dB to 0 dB signal range. 

See Note 8 
±0.05 ±0.15 dB 

power supply rejection and crosstalk attenuation 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Vee+ or Vee- supply voltage f = 0 to 30 kHz Idle channel. supply signal 30 
at 200 mV p-p measured dB 

rejection ratio, receive channel f = 30 kHz to 50 kHz at DR (ADe output) 45 

Vee + or Vee _ supply voltage f = 0 to 30 kHz Idle channel. supply signal 30 
rejection ratio, transmit channel at 200 mV p-p measured dB 

(single-ended I f = 30 kHz to 50 kHz at OUT+ 45 

Crosstalk attenuation. transmit~to~receive (single~ended) 75 dB 

t All typical values are at T A = 25 De. 
NOTE: 8. Gain tracking is relative to the absolute gain at 1 kHz and 0 dB (0 dB relative to Vref). 

I 
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delay distortion 

bandpass filter transfer function, SCF fclock 
(see Note 9) 

288 kHz IN+ - IN- is a ±3 V sinewavet 

PARAMETER TEST CONDITION 
FREQUENCY 

RANGE 
ADJUSTMENT ADDEND* MIN TYP§ MAX UNIT 

I s 50 Hz Kl x 0 dB -33 -29 -25 

I = 100 Hz Kl x - 0.26 dB -4 -2 -1 

Gain relative to 1- 150 Hz to 3100 Hz Kl x 0 dB -0.25 0 0.25 

gain at 1 kHz Input signal 1= 3100 Hz to 3300 Hz Kl x 0 dB -0.3 0 0.3 

(except passband reference is 0 dB I = 3300 Hz to 3650 Hz Kl x 0 dB -0.5 0 0.5 dB 

ripple (see Note 91 I = 3800 Hz Kl x 2.3 dB -5 -3 -I 
specification) I = 4000 Hz Kl x 2.7 dB -20 -17 -16 

I 2: 4400 Hz Kl x 3.2 dB -40 

I 2: 5000 Hz Kl x 0 dB -65 

low-pass filter transfer function (see curves), SCF fclock - 288 kHz (see Note 9) 

PARAMETER TEST CONDITION 
FREQUENCY 

ADJUSTMENT ADDEND* 
RANGE 

MIN TYP§ MAX UNIT 

1= OHzt03100Hz Kl x 0 d8 -0.25 0 0.25 

Gain relative to I = 3100 Hz to 3300 Hz Kl x 0 dB -0.3 0 0.3 

gain at 1 kHz Input signal I = 3300 Hz to 3650 Hz Kl x 0 dB -0.5 0 0.5 

(except passband reference is 0 dB f = 3800 Hz Kl x 2.3 dB -5 -3 -1 d8 

ripple (see Note 91 f = 4000 Hz Kl x 2.7 dB -20 -17 -16 

specification) f 2: 4400 Hz Kl x 3.2 dB -40 

I 2: 5000 Hz Kl x 0 dB -65 

serial port 

PARAMETER TEST CONDITIONS MIN TYP§ MAX UNIT 

VOH High-level output voltage IOH = - 300 JLA 2.4 V 

Val low-level output voltage IOl = 2 rnA 0.4 V 

II Input current ±10 ~A 

Ci Input capacitance 15 pF 

Co Output capacitance 15 pF 

t See filter curves in typical characteristics. 
*The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock Irequency. A slight error in the 288-kHz SCF may result from 

inaccuracies in the MSTR elK 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 K 1 = 100 • I(SCF frequency - 288 kHzl1 
288 kHz]. For errors greater than 0.25%, see Note 10. 

§ All typical values are at T A = 25 ·C. 
NOTES: 9. The lilter 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 0 to 3600 Hz 
lor 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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TLC320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

operating characteristics over recommended operating free-air temperature range. Vee + = 5 V. 
Vee- = -5 V. Voo - 5 V 

noise (measurement ipcludes low-pass and bandpass switched-capacitor filters) 

PARAMETER TEST CONDITIONS Typt MAX UNIT 

I with (sin xlIx correction 600 p.V rms 

OX input = 00000000000000, constant input code 450 IlV rms Transmit noise I without (sin xlix correction 24 dBrncO 

530 p,V rms 
Receive noise (see Note 11) Inputs grounded, gain = 1 

24 dBrncO 

timing requirements 

serial port recommended input signals 

PARAMETER MIN MAX UNIT 

tc(MCLK) Master clock cycle time 95 ns 

trIMCLK) Master clock rise time 10 ns 

tflMCLKI Master clock fall time 10 ns 

Master clock duty cycle 25% 75% 

RESET pulse duration (see Note 12) 800 ns 

tsu(OX) OX setup time before SCLKI 20 ns 

thlOX) OX hold time after SCLKI t cISCLKI/4 ns 

t All typical values are at T A = 25 'C. 
NOTES: 11. The noise is computed by statistically evaluating the digital output of the AID 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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TLC320451. TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

operating characteristics over recommended operating free-air temperature range. Vee + - 5 V. 
Vee - = - 5 V. Voo = 5 V (continued) 

serial port - AIC output signals 

PARAMETER MIN MAX 

tclSCLKI Shift clock ISCLKI cycle time 380 

tflSCLKI Shift clock ISCLKI fall time 50 

trlSCLKI Shift clock ISCLKI rise time 50 

Shift clock ISCLKI duty cycle 45 55 

tdjCH-FLI Delay from SCLKt to FSR/FSXI 90 

tdICH-FHI Delay from SCLKt to FSR/FSXt 90 

tdICH-DRI DR valid after SCLKt 90 

tdwlCH-ElI Delay from SCLK t to EODX/EODRI in word mode 90 

tdwICH-EHI Delay from SCLKt to EODX/EODRt in word mode 90 

tflEODXI EO OX fall time 15 

tflEODRI EODR fall time 15 

tdbICH-EU Delay from SCLKt to EODX/EODRI in byte mode 100 

tdbICH-EHI Delay from SCLKf to EODX/EODRf in byte mode 100 

TABLE 2_ GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE AID CONVERSION) 

CONTROL REGISTER BITS 
ANALOG INPUTt 

AID CONVERSION 
INPUT CONFIGURATIONS 

RESULT d6 d7 

Differential configuration 1 1 ±6 V full-scale 

Analog input = IN + - IN- 0 0 

= AUX IN+ - AUX IN- 1 0 ±3 V full-scale 

0 1 ± 1.5 V full-scale 

Single-ended configuration 1 1 ±3 V half-scale 

Analog input = IN + - ANLG GND 0 0 

= AUX IN + - ANLG GND 1 0 ±3 V full-scale 

0 1 ± 1.5 V full-scale 

t In this example, Vref 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 Rib 

R R 

UNIT 

ns 

ns 

ns 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

R R ! TO MUX 

IN--""" .... ---I 
1-:-.. --! TO MUX 

AUX IN + -""' .... -i IN+-"",,,,",, ... -t 

AUX IN - -""" .... -i 

Rib 

Rfb - R lor d6 = 1. d7 = 1 
d6 - O. d7 = 0 

Rib - 2R lor d6 - 1. d7 - 0 
Rib - 4R for d6 - O. d7 - 1 

FIGURE 3. IN + AND IN - GAIN 
CONTROL CIRCUITRY 

Rfb 

Rib - Rlord6 - 1.d7 - 1 
d6 - O. d7 - 0 

Rfb - 2R lor d6 - 1. d7 = 0 
Rib - 4R lor d6 - O. d7 = 1 

FIGURE 4. AUX IN + AND AUX IN­
GAIN CONTROL CIRCUITRY 
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(sin xlix correction section 

TLC320451. TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

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 xlix 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 

sin 'If fIts 

fs (Hz) 

20 log ~ 

(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. 

Uli+ 1) t----------+--+Vli+ 11 

p1 

The difference equation for this correction filter is: 

Yi+1 = p2(1-p1) (Ui+1)+p1 Yi 

where the constant p1 determines the pole locations. 

The resulting squared magnitude transfer function is: 

IH(f)12 = p22 (1 - p1 )2 
1 - 2p1 cos(2 '1r f/fs) + p1 2 

(/) .... 
CI) 
CI) 

.s:::: en 
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TLC32045L TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

correction results 

Table 4 below shows the optimum p values and the corresponding correction results for BOOO-Hz and 
9600-Hz sampling rates. 

TABLE 4 

ERROR (dB) ERROR (dB) 

t (Hz) 
ts - BOOO Hz ts = 9600 Hz 

p1 = -0.14813 p1 = -0.1307 

p2 - 0.9888 p2 - 0.9951 

300 -0.099 -0.043 

600 -0.089 -0.043 

900 -0.054 0 

1200 -0.002 0 

1500 0.041 0 

laoo 0.079 0.043 

2100 0.100 0.043 

2400 0.091 0.043 

2700 -0.043 0 

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/O sample. The coefficients k 1 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) 
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TLC320451. TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

byte· mode timing 

~pO-'IISClKI ~pO-'rISClKI 1'~'cISClKI 

SHIFT ClK 
I 0.8 V 

1 I 1 
1 0.8 V I I I 

'dICH-FLI~ 14- I 1 ~ 14- 'dICH-FHI ~ 14- 'dICH-FLI 'dICH-FHr-+I 14-
, I 1 1;,-,' ;-;.,-_______ -.1 I' 

~f-,-----'f1' v D.S v\,,-I ---fffo! ______ --:':,,-v-
1 ~ ~ 'dICH-DRI I 

~
12V I 

_____ D_1_5_~ 014 01~_-. _____ 0_8 _________ ~~~~0_1 __ D_O~I __ __ 
0.8 v I 

DR 

'suIOXI--.j It- 1 

~ir[l!llrc~~ __ -1o~O~N~'!T~C~A~R~E~_~~~IDt~ 
ox ~i09081 D706~ 

~ lo-'hiOXI ~ l4-'dbICH-Ell I 
, 'dbICH-EHr-! I"-

,f-'------'I ~ 
t~D~8~V~ _________________ ~f,f_'---------J12V EOOR. EOOX 

word-mode timing 

I+-----*- 'cISClKI 
, 1 

SHIFT ClK 
1 

1 , 

0.8 VI I 0.8 V 0.8 V \ 

~ ~ : : 'dICH-FHI-*I I+-
--~ i 1 II ,"","'"v-i-----

FSX. FSR D .• v~ r ;f-' __________ ,.." .. 

1 I 
: -+I !--'dICH-ORI I 

DR 015 ~~01 Dol 
-----~~~~-~~I--+----

'sulOXI-o! I+- I 
, 1 

OX-----rDD~155~~~~~r;~YlDY1~~ 
1 1 I 
I4- t hlOXI 'dwICH-ElI~ 14- -..j l4-'dwICH-EHI 

---------------------;f~:--------__.~ i 
EOOX. EOOR D •• v~2 V 

FIGURE 5. SERIAL PORT TIMING 
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TLC320451, TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TMS32010 FSX 
SN74LS299 

I- S1 °H' ox 
DEN G2 

..... G1 SO CLK< r--
Vf f-- G1 TLC32045 

AO/PAO A 08·015 
YO r-

A1/PA1 B \ A-H SR 
A2/PA2 C 

rD=-SN74LS138 SN74LS299 SHIFT CLK 

bD '-- S1 °H' 
~ G2 .r-SO CLK 

G1 ~~ L 00-015 00-07 C1 

00-015 \ \ A-H SR 10 DR , 

l~ 
WE ./ rLl CLK OUT MSTR CLK 

INT EOOX 

FIGURE 6. TMS32010/TMS320C15-TLC32045 INTERFACE CIRCUIT 

in instruction timing 

CLK OUT 

I 
II ~-------------------------------

...... ----... 1 .... -
I 

SO. G1 1 
1 

---------------------~:3~£:~I}------------------------------------00-015 ( VALID ) 

out instruction timing 

CLK OUT ____ -...I 

SN74LS138 Y1 

SN74LS299 CLK 

00-015 ( VALID ) 

FIGURE 7. TMS32010/TMS320C15-TLC32045 INTERFACE TIMING 
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TLC320451, TLC32045C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 
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TLC320451, TLC32045C 
VOICE·BANO ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 
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TLC320451, TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 
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TLC320451, TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 
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TLC320451. TLC32045C 
VOICE· BAND ANALOG INTERFACE CIRCUITS 

TYPICAL CHARACTERISTICS 

AID THIRD HARMONIC DISTORTION 
vs 

INPUT SIGNAL 

1-kHz input signal 
- 8-kHz conversion rate-- I--

~ " ../ 
,,-/ 

, 

---

f--

-- ~--

---

- 50 - 40 - 30 - 20 - 10 o 10 

-100 

-90 

!g -80 
I 
g -70 
.~ 
;; -60 
o 
" -50 -2 

~ -40 
Cii 
J: -30 
"E 
~ -20 

-10 

o 

Input Signal Relative to V ref - d8 

FIGURE 21 

D/A THIRD HARMONIC DISTORTION 
vs 

INPUT SIGNAL 

1- kHz input signal into 600 n 
8-kHz conversion rate 

/""\. 

/ - \ 
-V 

r----c--

- 50 - 40 - 30 - 20 - 10 o 
Input Signal Relative to V ref - dB 

FIGURE 22 

10 

I 
If) ... 
CI) 
CI) 
..c 
en 

CO ... 
CO 
C 

TEXAS ." 
INSTRUMENTS 

2-343 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



C 
I» 

TLC320451, TLC32045C 
VOICE·BAND ANALOG INTERFACE CIRCUITS 

TYPICAL APPLICATION INFORMATION 

TMS32020/C25 

CLKOUT ~_I---I MSTR ClK 

FSX FSX 

ox ox 
FSR FSR 

DR DR 

ClKR SHIFT CLK 

ClKX 

TLC32045 

VCC+~----------------,---+5V 

REF C 
ANlG GNO ....... _--..... --..... ------.. 

VCC-~~._----~­

VOO ~--+-------

OGTlGND~--~----~ 

S' C - 0.2 ~F. CERAMIC 

en FIGURE 23. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND 
::r SCHOTTKY DIODEt 
CD 
CD 
Cit vcc 

tThomson Semiconductors 
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FIGURE 24. EXTERNAL REFERENCE CIRCUIT FOR TLC32045 
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AD7628 
Advanced linCMOSTM DUAL 8-BIT MULTIPLYING 

DIGITAL-TO-ANALOG CONVERTER 

• 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 AID 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 VOO = 15 V 15mW 

Settling Time at VOO = 5 V 100 ns 

Propagation Oelay at VOO = 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 

AGND 
OUTA 
RFBA 

REFA 
DGND 

DACA/DACB 
(MSB) DB7 

DB6 

DB5 
DB4 

DACA/DACB 
(MSB)DB7 7 

DB6 8 

N PACKAGE 

(TOP VIEW) 

FN PACKAGE 

(TOP VIEW) 

ci1i~~~~ 
u..::Jc!)=>L1. 
a:O«Oa: 

3 2 1 20 19 

9 10 11 12 13 

Ll'l..qMN ..... 
COalOOCDm 
00000 

03198, JANUARY 1989 

OUTB 
RFBB 
REFB 

VDD 
WR 

CS 
DBO (LSB) 

DBl 

DB2 
DB3 

18 REFB 

17 VDD 

16 WR 
15 CS 

14 DBOILSB) 

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 1 O.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 ODC to 70°C. 

AVAILABLE OPTIONS 

SYMBOLIZATION OPERATING 

DEVICE 
PACKAGE TEMPERATURE 

SUFFIX RANGE 

AD7628B FN, N -25 De to 85 De 
AD7628K FN, N oDe to 70 De 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

r.R~:.Uf:,,:::,~:!E= ~::rg~·:~:.:·:;:aJ:.f::~~~~ 
Characteristic data and DlIier _ifieati ... ara dasign 
goals. Texas Instruments reserves the right to change 
or discontinue th.s. products without notice. 
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AD7628 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DIGITAL· TO·ANALOG CONVERTER 

functional block diagram 

DBO (141 

(131 

• (121 

• 
• 111 I 

DATA 
INPUTS • 

• 
1101 

• 191 

(BI 

DB7 17) 

DACA/DACB (61 

WR (161 

cs (15) 

operating sequence 

INPUT 
BUFFER 

LOGIC 
CONTROL 

8 
LATCH 

A 

8 

/'I1f---tsuICS) 

---"\.1 
CS \; 

1fj4---tsu(DACI 

REFA 

(41 

8 
DAC A 

REFB 

~14 ~ th(CS) 

;/ 
tI4 ~ th(DAC) 

--\.! 
DACA/DACB '\:: :/ 

jf--twIWRI--.I 

WR------..\_ t.,....----
~tsuIDI~thIDI 

DBO-DB7 ______ ..JX DATA IN STABLE X...----
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AD7628 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 

DIGITAL-TO-ANALOG CONVERTER 

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

Supply voltage, VDD (to AGND or DGND) ............................... -0.3 V to 17 V 
Voltage between AGND and DGND. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage, VI (to DGND) .................................... - 0.3 V to VDD + 0.3 V 
Reference voltage, VrefA or VrefB (to AGND). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Feedback voltage, VRFBA or VRFBB (to AGND) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Output voltage, VOA or VOB (to AGND) ....................................... ± 25 V 
Peak input current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 p.A 
Operating free-air temperature range: AD7628B .......................... - 25°C to 85 °C 

AD7628K . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°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: N package ............ 260°C 

recommended operating conditions 

Supply voltage, VDD 

Reference voltage, VrefA or VrefB 

High·level input voltage, VIH 

Low·level input voltage, VIL 

CS setup time, tsulCSI 

CS hold time, thlCS) 

DAC select setup time, tsuiDAC) 

DAC select hold time, thIDAC) 

Data bus input setup time tsulDI 

Data bus input hold time th(D) 

Pulse duration, WR low, tw(WRI 

I AD7628B 
Operating free-air temperature, TAl AD7628K 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

MIN NOM MAX UNIT 

10.8 15.75 V 

±10 V 

2.4 V 

0.8 V 

50 ns 

0 ns 

50 ns 

10 ns 

25 ns 

0 ns 

50 ns 

-25 85 DC 
0 70 

II 
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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 VOO. 
VrefA = VrefB - 10 V. VOA and VOB at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Full Range 10 
IIH High-level input current VI = VDD 

25°C 1 
~A 

III Low-level input current VI = 0 
Full Range -10 

25°C -1 
~A 

Reference input impedance 

(Pin 15 to GND) 
8 15 kll 

DAC data latch loaded with Full Range ±200 
OUTA 

25°C 
Ilkg Output leakage current 

00000000. V,efA = ±10 V ±50 

DAC data latch loaded with 
nA 

Full Range ±200 
OUTB 

00000000. V,efB = ± 10 V 25°C ±SO 

Input resistance match 
±1% 

(REFA to REFB) 

DC supply sensitivity I Full Range 0.02 

Again/AVDD 
AVDD = ±5% 

I 25°C 0.Q1 
%/% 

Quiescent DBO-DB7 at VIHrnin or Vllrnax 1 

IDD Supply current I Full Range 0.5 rnA 
Standby DBO-DB7 at 0 V or VDD 

I 25°C 0.1 

DBO-DB7 10 

Ci Input capacitance WR.cs. VI = 0 or VDD 
15 

pF 

DACA/DACB 

CO 
Output capacitance DAC Data latches loaded with 00000000 25 

pF 
(OUTA.OUTB) DAC Data latches loaded with 11111111 60 

3-6 TEXAS ." 
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_AD7628 
Advanced LinCMOSTM DUAL 8-BIT MULTIPLYING 

DIGITAL-TO·ANALOG CONVERTER 

operating characteristics over recommended ranges of operating free-air temperature and VOO. 
VrefA .. VrefB .. 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 

25°C 

±3 

±2 
LSB 

I REFA to OUTA Full Range -65 
AC feedthrough I REFB to OUTB 

See Note 3 dB 
25°C -70 

Temperature coefficient of gain 0.0035 %FSR/OC 

Propagation delay (from digital input to 
See Note 4 80 

90% of final analog output current) 
ns 

Channel-to-channell REFA to OUTB See Note 5 1 25 °C 80 
dB 

isolation I REFB to OUT A See Note 6 25°C 80 

Measured for code transition from 

Digital-ta-analog glitch impulse area 00000000 to 1,1"1,,, 440 nV·s 

TA = 25°C 

Measured for code transition from 

Digital crosstalk glitch impulse area 00000000 to 1111,1", 60 nV-s 

TA = 25°C 

Harmonic distortion Vi = 6V,f = 1 kHz, TA = 25°C -85 dB 

NOTES: 1. OUTA, OUTB load = 1000, Cext = 13 pF; WR and CS at 0 V; DBO-DB7 at 0 V to VDD or VDD to 0 V. 
2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vref - 1 LSB. Both DAC latches 

are loaded with 11111111. 
3. Vref = 20 V peak-ta-peak, 10-kHz sine wave. 
4. VrefA = VrefB = 10V;DUTA/OUTBload = 1000,Cext = 13pF;WRandCSatOV;DBO-DB7atOVtoVDDorVDOtoOV. 
5. VrefA = 20 V peak-to-peak, la-kHz sine wave; VrefB = O. 
6. VrefB = 20 V peak-to-peak, la-kHz sine wave; VrefA = O. 

principles of operation 

The AD7628 contains two identical8-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 OUT A_ A small leakage current (llkg) flows across internal junctions. and as with most semiconductor 
devices. doubles every 10 °C_ Co 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 Co 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. 
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AD7628 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DIGITAL·TO·ANALOG CONVERTER 

R 

R 
r-'Io"",,"-RFBA 

~-+--~~--~7-~·f--4~+----+-4------0UTA 

L---~~--~~~r--~~--~~-------AGND 

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA 

RFBA 

R 
VREFA --"N.,----... ---------1Ir-------;_~---OUTA 

....L 
256 

FIGURE 2. AD7628 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111 . 

MODE SELECTION TABLE 

DACAl 
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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AD7628 
Advanced LinCMOSTM 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. 

VDD~----
1141 DBO 

171 DB7 

161 

1151 

1161 

DGN~ 
':' ~ 

RECOMMENDED TRIM 

RESISTOR VALUES 

Rl.R3 5000 

R2. R4 1500 

INPUT 
BUFFER 

VilAI 
±10 V 

VilBI 
±10 V 

>---4IIf- VOA 

>---"'VOB 

NOTES: 1. Rl, 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. Cl 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) 
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AD7628 
Advanced LinCMOSTM DUAL 8·BIT MULTIPLYING 
DIGITAL· TO·ANALOG CONVERTER 

(17) 

TYPICAL APPLICATION DATA 

VilA) 
±10 V 

R1 (See Note 1) 

VDDi14ifDBO - - - - - - - - -REFA 

(7) 

(6) 

(15) 

(16) 

I • 
I : 

INPUT 
BUFFER 

R6 (See Note 2) 

20 kG 

(See 

VOA 

5 kG 

(See 
R8 Note 2) 

R9 

10 kG 
VOB 

3 .-----------. 
RECOMMENDED TRIM 

R3 (See Note 1) 

." .. o 
Co 
C 
(') 
r+ 

." .. 
~ 
< 
Cii' 
~ o 

RESISTOR VALUES 

R1, R3 500 G 

R2, R4 150 G 

±10 V 

Vii B) 

20 kO 

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 = 0 V with code 10000000 in DACA latch. Adjust R3 for VOB = 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 OPERATIONI 

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 

DAC LATCH CONTENTS 
ANALOG OUTPUT 

MSB LSBt 
DAC LATCH CONTENTS 

ANALOG OUTPUT 
MSB LSBt 

11111111 - Vi (255/256) 11111111 Vi (127/128) 

10000001 - Vi (129/256) 10000001 Vi (1/128) 

10000000 - Vi (128/256) = - Vi/2 10000000 OV 

01111111 -Vi (127/256) 01111111 -Vi (1/128) 

00000001 -Vi (1/256) 00000001 -Vi (127/128) 

00000000 - Vi (0/256) = 0 00000000 -Vi (128/128) 

t 1 LSB = (2- 8)Vi t 1 LSB = (2- 7)Vi 
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AD762B 
Advanced LinCMOSTM DUAL B·BIT MULTIPLYING 

DIGITAL·TO·ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

microprocessor interface information 

A8-A15 ADDRESS 8US 

,-----+----IDACA/DACB 

CPU 
8051 

ADDRESS 
DECODE 
LOGIC 

WRt-----i 

ALE 

ADO-AD7 

NOTE: A = decoded address for AD7628 DACA. 
A + 1 = decoded address for AD7628 DACB. 

A 

DATA BUS 

FIGURE 5. AD7628 - INTEL 8051 INTERFACE 

A8-A 151-__ ", 

VMA 

CPU 
6800 

ADDRESS 
DECODE 
LOGIC 

ADDRESS BUS 

A 

CS 
AD7628 

DATA BUS DO-D7 
r-----------------------~---------J 

NOTE: A = decoded address for AD7628 DACA. 
A + 1 = decoded address for AD7628 DACB. 

FIGURE 6. AD7628 - 6800 INTERFACE 
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AD7628 
Advanced LinCMDSTM DUAL 8-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

TYPICAL APPLICATION DATA 

voltage-mode operation 

The A07628 current-multiplying O/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 O/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 (0/256) 

where 0 = the digital input. In voltage-mode operation, the A07628 meets the following specification: 

LINEARITY ERROR TEST CONDITIONS MIN TYP MAX 

Analog output voltage for REFAo B VDD ~ 12 Vo OUTA or OUTB - 5 Vo TA - ooe to 70 0 e 1 

R R R 
REF~~~--_e---v~--~--~~--~-------, 

(Analog 
output 

voltage) 

R 

'-------+--4I>-------+--4I>--------t---.. ---<l1-- OUT (Fixed input 
voltage) 

L-------~~------~>-----~--~~_e-------AGND 

FIGURE 7. CURRENT-MULTIPLYING D/A CONVERTER OPERATING IN VOLTAGE MODE 
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• 6-Bit Resolution 

• 0.8% Linearity 

• Maximum Conversion Rate ... 25 MHz Typ 
20 MHz Min 

• Analog Input Voltage Range ... 
VCC to VCC -2 V 

• Analog Input Dynamic Range . . . 1 V 

• TTL Digital I/O Level 

• Low Power Consumption ... 200 mW Typ 

• 5-V Single-Supply Operation 

• Interchangeable with Fujitsu MB40576 

description 

TL5501 
6-81T ANALOG-TO-DIGITAL CONVERTER 

N PACKAGE 
(TOP VIEW) 

03163, OCTOBER 1988 

(lSS) DO GND 

D1 DGTl Vee 
D2 ANlG Vee 
D3 REFS 
D4 ANlG INPUT 

(MSS) D5 REFT 

elK ANlG Vee 
GND~ ____ J-DGTlVee 

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. 

The TL5501 is characterized for operation from OOC to 70°C. 

functional block diagram 

CLK------------i 

ANLG INPUT --------, 

REFT 

R 

R 

R 

R 

R 

REfB 

S3-TO-S 
ENCODER 

EN 

LATCH 
AND 

BUffER 

D5 (MSBI 

D4 

D3 

---D2 

D1 

--DO (LSBI 

Copyright © 1988, Texas Instruments Incorporated 
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TL5501 
6·BIT ANALOG·TO·DlGITAL CONVERTER 

equivalents of analog input circuit 

ANLG vee --------..... 1--

o 

(See Note AI 

NOTE A: Cj - nonlinear emitter-follower junction capacitance 
Rj - linear resistance model for input current transition caused by comparator switching. VI < VrefB: Infinite; eLK high: Infinite. 
V refB - voltage at REFB terminal 
Ibias - constant input bias current 
o - Base-collector junction diode of emitter-follower transistor 

equivalent of digital input circuit 

DGTLVee----.----~---~._--

25 kll 3.1 kll 25 kll 

Vref - 1.4 V 

GND--__ ~----__ ~--__ --__ ~ 
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TL5501 
6·BIT ANALOG·TO·DIGITAL CONVERTER 

FUNCTION TABLE 

ANALOG INPUT DIGITAL OUTPUT 
STEP 

VOLTAGEt CODE 

0 3.992 V L L L L L L 

1 4.008 V L L L L L H 
I I I 
I I I 

31 4.488 V L H H H H H 

32 4.508 V H L L L L L 

33 4.520 V H L L L L H 
I I I 
I I I 

62 4.984 V H H H H H L 

63 5.000 V H H H H H H 

t These values are based on the assumption that 
V refS and V refT have been adjusted so that the 
voltage at the transition from digital 0 to 1 IVZT) 
is 4.000 V and the transition to full scale IVFT) is 
4.992 V. 1 LSB = 16 mY. 

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

Supply voltage range, ANLG Vee ................................ -0.5 V to 7 V 
Supply voltage range, DGTL Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Input voltage range at digital input, V, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 V to 7 V 
Input voltage range at analog input, V, ....................... -0.5 V to ANLG Vce+0.5 V 
Analog reference voltage range, Vref ......................... -0.5 V to ANLG Vce+0.5 V 
Storage temperature range ......................................... - 55 °e to 150 °e 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, ANLG Vee 4.75 5 5.25 V 

Supply voltage, DGTL Vee 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Input voltage at analog input, VI Isee Note 1) 4 5 V 

Analog reference voltage Itop side), V refT Isee Note 1) 4 5 5.1 V 

Analog reference voltage (bottom side), VrefB (see Note 1) 3 4 4.1 V 

High-level output current, IOH -400 ~A 

Low-level output current, tOl 4 mA 

Clock pulse duration, high-level or low-level, tw 25 ns 

Operating free-air temperature, T A 0 70 ·C 

NOTE 1: VrefB < VI < VrefT, VrefT - VrefB = 1 V ± 0.1 V. 

... 
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TL5501 
6·BIT ANALOG·TO·DIGITAL CONVERTER 

electrical characteristics over operating supply voltage range. T A = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VI ~ 5 V 75 
II Analog input current 

VI ~ 4 V 73 
~A 

IIH Digital high-level input current VI ~ 2.7 V 0 20 ~A 

IlL Digital low-level input current VI ~ 0.4 V -40 -400 ~A 

II Digital input current VI ~ 7 V 100 ~A 

IrefB Reference current VrefB ~ 4 V -4 -7.2 mA 

IrefT Reference current VrefT ~ 5 V 4 7.2 mA 

VOH High-level output voltage 10H ~ -400 ~A 2.7 V 

VOL low-level output voltage 10L ~ 1.6 mA 0.4 V 

r; Analog input resistance 100 kll 

Ci Analog input capacitance 35 65 pF 

ICC Supply current 40 60 mA 

operating characteristics over operating supply voltage range. T A 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX 

EL linearity error ±0.8 

E fmax Maximum conversion rate 20 25 

td Digital output delay time See Figure 3 15 30 

timing diagram 
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TL5501 
6·BIT ANALOG·TO·DlGITAL CONVERTER 

TYPICAL CHARACTERISTICS 

IDEAL CONVERSION CHARACTERISTICS 

See Note 2 A 
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NOTE 2: This curve is based on the assumption that VrefB and VrefT have been adjusted so that the voltage at the transition from 
digital 0 to 1 (VZTI is 4.000 V and the transition to full scale (VFTI is 4.992 V. 1 LSB = 16 mY. 
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PARAMETER MEASUREMENT INFORMATION 

MEASUREMENT 
POINT Vee 

TO 
DIGITAL (051 

OUTPUT 

FIGURE 3. LOAD CIRCUIT 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 



• 6-Bit Resolution 

• ±0.8% Linearity 

• Maximum Conversion Rate , , . 30 MHz Typ 
20 MHz Min 

• Analog Output Voltage Range .. , VCC 
to VCC -1 V 

• TTL Digital Input Voltage 

• Low Power Consumption . , , 200 mW Typ 

• S-V Single-Supply Operation 

• Interchangeable with Fujitsu MB40176 

description 

TL5601 
6-BIT DIGITAL-TO-ANALOG CONVERTER 

DGTl Vee 
eOMP 

REF 
ANlG Vee 

AOUT 
ANlG Vee 
DGTl Vee 

GND 

N PACKAGE 

(TOP VIEWI 

03154, OCTOBER 1988 

GND 
DO (lSBI 
D1 
D2 
D3 
D4 
D5 (MSBI 
elK 

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 O°C to 70°C, 

functional block diagram 
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TL5601 
6·BIT DlGITAL·TO·ANALOG CONVERTER 

schematics of equivalent input and output circuits 

EQUIVALENT OF EACH DIGITAL INPUT 

DGTlVec---e-----e--------~----~---

25 k!l 3.5 k!l 3.5 
k!l 

25 k!l 

GND----~--------__ --------~~--

REF 

EQUIVALENT OF ANALOG OUTPUT 

---41~------ ANlG Vee 

80 !l 

.... ------ AOUT 

--~~------ GND 

L-______________________________ -L ____________________ ~ 

absolute maximum ratings over operating free·air temperature range lunless otherwise noted) 

Supply voltage range, ANlG Vee, DGTl Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Digital input voltage range, VI ......................................... -0.5 V to 7 V 
Analog reference voltage range, Vref .............................. , 3.8 V to Vee +0.5 V 
Operating free-air temperature range . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 55 DC to 150 De 
lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 De 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

Vref Analog reference voltage (see Note 1) 3.8 4 4.2 V 

VIH High-level input voltage 2 V 

Vil Low-level input voltage 0.8 V 

tw Pulse duration, ClK high or low 25 ns 

tsu Setup time, data before CLKt 12.5 ns 

th Hold time, data after CLKt 12.5 ns 

Ccomo Phase compensation capacitance (see Note 2) 1 ~F 

TA Operating free~air temperature 0 70 ·C 

NOTES: 1. Vref must be within 1.2 V of VCC. 
2. This capacitor should be connected between camp and GND. 

3-20 TEXAS ." 
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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 

II Input current at maximum input voltage VI = 7 V 0 100 ~A 

IIH High-level input current VI - 2.7 V 0 20 ~A 

III Low-level input current VI = 0.4 V -40 -400 ~A 

Irel Input reference current Vrel = 4 V 10 ~A 

VFS Full-scale analog output voltage Vee = 5 V, Vrel = 3.976 V, Vee- 15 Vee Vee+ 15 rnV 

VZS Zero-scale analog output voltage 10 = 0 (no loadl 3.932 3.992 4.052 V 

ro Output resistance TA = 25°e 70 80 90 !l 

lee Supplv current Vrel = 4.05 V 48 65 rnA 

operating characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN Typt MAX 

Linearity error ±0.8 

fmax Maximum conversion rate 20 30 

tAli tvpical values are at Vee = 5 V, Vrel = 4 V, TA = 25°e. 

--------
PARAMETER MEASUREMENT INFORMATION iii 
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TYPICAL CHARACTERISTICS 
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• 8-Bit Resolution 

• ±0.2% Linearity 

• Maximum Conversion Rate ... 30 MHz Typ 
20 MHz Min 

• Analog Output Voltage Range ... VCC 
to VCC -1 V 

• TTL Digital Input Voltage 

• 5-V Single-Supply Operation 

• Low Power Consumption ... 250 mW Typ 

• Interchangeable with Fujitsu MB40778 

description 

TL5602 
8·BIT DIGITAL·TO·ANALOG CONVERTER 

N PACKAGE 

(TOP VIEW) 

03094. SEPTEMBER 1988 

GND DO (LSBI 
DGTL Vee D1 

eOMP D2 
REF D3 

ANLG Vee D4 
AOUT D5 

ANLG Vee D6 
DGTL Vee D7 (MSBI 

GND'-I.:._....:.:;J .... eLK 

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 OOC to 70°C. 

functional block diagram 
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TL5602 
8·BIT DlGITAL·TO·ANALOG CONVERTER 

schematics of equivalent input and output circuits 

EQUIVALENT OF EACH DIGITAL INPUT 

DGTlVCC--~----~--------~----e---

25 kll 3.5 kll 3.5 
kll 

25 kll 

GND----~--------~.---------_*---

1.4V 

EQUIVALENT OF ANALOG OUTPUT 

--..... ------ ANlG VCC 

80 {J 

e------- AOUT 

-~.----- GND 

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

Supply voltage range, ANLG Vee, DGTL Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Digital input voltage range, VI ......................................... -0.5 V to 7 V 
Analog reference voltage range, Vref ............................... 3.8 V to Vee +0.5 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 55 °e to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

Vref Analog reference voltage (see Note 11 3.8 4 4.2 V 

VIH High·level input voltage 2 V 

Vil Low-level input voltage 0.8 V 

tw Pulse duration, ClK high or low 25 ns 

tsu Setup time, data before ClKt 12.5 ns 

th Hold time, data after ClKt 12.5 ns 

CcomD Phase compensation capacitance (see Note 2) 1 I'F 

TA Operating free-air temperature 0 70 °c 

NOTES: 1. VCC - Vret S 1.2 V 
2. This capacitor should be connected between CaMP and GND. 
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TL5602 
8·BIT DlGITAL·TO·ANALOG CONVERTER 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVpt MAX UNIT 

II Input current at maximum input voltage Vee ~ 5.25 V, VI ~ 7 V 0 100 pA 

IIH High-level input current Vee ~ 5.25 V, VI ~ 2.7 V 0 20 I'A 

IlL Low-level input current Vee ~ 5.25 V, VI ~ 0.4 V -40 -400 I'A 

Iref Input reference current Vre! ~ 4 V 10 pA 

VFS Full-scale analog output voltage Vee - 5 V, Vre! - 3.976 V, Vee- 15 Vee Vec+ 15 mV 

VZS Zero-scale analog output voltage 10 ~ 0 (no load) 3.919 3.980 4.042 V 

ro Output resistance TA ~ 25°e 70 80 90 II 

lee Supply current Vref ~ 4.05 V 50 75 rnA 

tAli typical values are at Vee ~ 5 V, Vre! ~ 4 V, TA ~ 25°e 

operating characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN TVP MAX 

Linearity error ±0.2 

fmax Maximum conversion rate 20 30 

_______ n 
PARAMETER MEASUREMENT INFORMATION iii 
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TYPICAL CHARACTERISTICS 
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TLC542M, TLC5421 
LinCMOS ™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

• LinCMOS'· Technology 

• 8-Bit Resolution AID Converter 

• Microprocessor Peripheral or Stand-Alone 
Operation 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... :to,5 LSB Max 

• Direct Replacement for Motorola MC145041 

• On-Board System Clock 

• End-Of-Conversion (EOC) Output 

• Pinout and Control Signals Compatible with 
TLC540 and TLC1540 Family of 10-Bit A/D 
Converters 

TYPICAL PERFORMANCE 

Channel Acquisition/Sample Time 1.61's 

Conversion Time 20 l's 

Samples per Second 25 x 103 

Power Dissipation 10mW 

description 

The TLC542 is a LinCMOS'· AID peripheral built 
around an 8-bit switched-capacitor successive­
approximation AID converter. The device is 
designed for serial interface to a microprocessor 
or peripheral via a 3-state output with three inputs 
(including I/O Clock, Chip Select (CS), and 
Address Input). The TLC542 allows high-speed 
data transfers and sample rates of up to 40,000 

N PACKAGE 

(TOP VIEW) 

03194, FEBRUARY 1989 

INPUT AO VCC 
INPUT A1 EOC 

INPUT A2 I/O CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 

INPUT A5 CS 
INPUT A6 REF + 
INPUT A 7 REF -

INPUT A8 INPUT A 1 0 
GND INPUT A9 ---"" __ ...r-

FN PACKAGE 

(TOP VIEW) 

N~O 

<l:<l:<l: 
f-f-f-
~ ~ ~ Uu 

~ ~ ~ ~@ 
3 2 1 20 19 

4 18 I/O CLOCK 
5 17 DATA IN 

6 16 DATA OUT 
15 CS 

14 REF + 
9 10 11 12 13 

samples per second. In addition to the high-speed converter and versatile control logic, an on-chip 
12-channel analog multiplexer can sample anyone 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 
(EOG) 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 (:to.5 LSB) conversion in 20 IJs over the full operating temperature range, 

The TLC542 is available in both the Nand FN plaslic packages. The TLC542M is characterized for operation 
from -55°C to 125°C, and the TLC5421 is characterized for operation from -40°C to 85°C, 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1989, Texas Instruments Incorporated 
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TLC542M, TLC5421 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

functional block diagram 
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TLC542M, TLC5421 
LinCMOS ™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

operating sequence 

110 
1'12131415161718 1112131415161718 

CLOCK ---* 
I I I I 

I ACCESS _I I L..o I ~ 
suIAI--+! t+-CYCLE B..... I ~ con v -I 

I I I I 
Isulcsl~ Isee Nole 21 IIIII---Iacq~ I 

I I I 
II1II- ACCESS -+I 14I1IIII1---lacq------+' 

CYCLE C I 

12 "s I I --+I 14--12 INTERNAL SYSTEM CLOCKS " 

CS""14, I I , I ~!-__________ -Jr 
I I I I I I 
I I I 14---IwHICSI----t-+' 
I I I I 
I I MSB I 

ADDRESS ~ I DON'T CARE I 
INPUT"""T' B3 B2 

I 
I 
I 

DATA --1-1 
OUT I 

II .. PREVIOUS CONVERSION DATA A IA7 
.. I ~ 

I MSB LSB I MSB 
Iisee Nole 21 IdIlO-EOCI~~ 

HI-Z STATE 

I 
I 
I 
I 

-+I 

MSB LSB 
~ DON'T CARE 
~"""---'-""";--'---

HI-Z 

EOC~' I ,..' ____________ -, 

: L..! ---41 ~ L-
MI .. I-----------Icycle---------~~ 

NOTES: 1, 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 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 J. 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, TLC5421 
LinCMOSTM 8-BIT ANALOG-TO-DlGlTAL 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) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC +0.3 V 
Output voltage range .......................................... -0.3 V to VCC +0.3 V 
Peak input current range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 mA 
Peak total input current (all inputs) ........................................... ±30 mA 
Operating free-air temperature: TLC542M ................................ -55°C to 125°C 

TLC5421 .................................. -40°C to 85°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: 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, Vee = 4.75 V to 5.5 V 

MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.5 V 

Positive reference voltage, VREF+ (see Note 4) 2.5 VCC VCC + 0.1 V 

Negative reference voltage, VREF- (see Note 4) 0.1 0 2.5 V 

Differential reference voltage, VREF+ - VREF- (see Note 4) 1 VCC VCC + 0.2 V 

Analog input voltage (see Note 4) 0 VCC V 

High-level control input voltage, VIH 2 V 

Low-level control input voltage, VIL 0.8 V 

Setup time, address bits at data input before I/O CLK t, tsu(A) 400 ns 

Hold time,. address bits after I/O CLK t, th(A) 0 ns 

Hold time, CS low after 8th I/O CLK!, th(CS) 0 ns 

Setup time, CS low before clocking in first address bit, tsu(CS) (see Note 2) 1.4 i-lS 
CS high during conversion, twH(CS) 17 i-ls 

InpuVOutput clock frequency, fCLK(I/O) 0 1.1 MHz 

InpuVOutput clock high, twH(I!O) 404 ns 

InpuVOutput clock low, twL(l/O) 404 ns 

1/0 Clock transition time (see Note 5) 
fCLK(I!O) " 525 kHz 100 

fCLK(l/O) > 525 kHz 
ns 

40 

TLC542M -55 125 
'c Operating free-air temperature, TA 

TLC5421 -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 tsu(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 1 V 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 VIH min to VIL max or to rise from VIL max to VIH min. In the Vicinity of 
normal room temperature, the devices function with input clock transition time as slow as 2 i-lS for remote data acquisition 
applications where the sensor and the ND converter are placed several feet away from the controlling microprocessor. 
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TLC542M, TLC5421 
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(I/O) = 1.1 MHz 

PARAMETER TEST CONOITIONS MIN TYpt 

VOH High·level output voltage (pin 16) VCC = 4.75 V, 10H = -360 j.lA 2.4 

VOL Low-level output voltage VCC - 4.75 V, 10L -1.6mA 

10Z 
Off-state (high-impedance state) Va - VCC, CS atVcc 
output current Va = 0, CS atVCC 

IIH High-level input current VI - VCC 0.005 

IlL Low-level input current VI - 0 -0.005 

ICC Operating supply current CS at 0 V 1.2 

Selected channel at VCC, -55'C to 125'C 

Selected channel leakage current 
Unselected channel at 0 V -40'C to 85'C 

Selected channel at 0 V, -55'C to 125'C 

Unselected channel at VCC - 40'C to 85'C 

IREF 
Maximum static analog reference 

VREF+ = VCC, VREF- = GND current into REF + 

Ci 
I Analog inputs 7 

Input capacitance I 
5 Control inputs 

t All typical values are at T A = 25'C. 

operating characteristics over recommended operating free-air temperature range, 
VCC = VREF + = 4.75 V to 5.5 V, fCLK(I/O) = 1 MHz 

PARAMETER TEST CONDITIONS MIN TYP 

Linearity error (see Note 7) 

Zero error (see Note 8) See Note 6 

Full-scale error (see Note 8) See Note 6 

Total unadjusted error (see Note 9) 

MAX 

0.4 

10 

-10 

2 
-2.5 

2 

1 

0.4 
-1 

-0.4 

10 

55 

15 

MAX 

±0.5 

±0.5 

±0.5 

±0.5 

Self-test output code 
InputAll address = 1011, 01111101 10000011 

See Note 10 (125) (131) 

tconv Conversion time See operating sequence 20 

tcvcle Total access and conversion cycle time See operating sequence 40 

tacq Channel acquisition time (sample cycle) See operating sequence 16 

tv Time output data remains valid after I/O ClK ~ See Figure 5 10 

td(lO-DATA) Delay time, 1/0 ClK ~ to data output valid See Figure 5 400 

td(lO-EOC) Delay time, 8th 1/0 CLK ~ to EOC ~ See Figure 6 500 

td(EOC-DATA) Delay time, EOC t to data out (MSB) See Figure 7 400 

tpZH, tpZL Delay time, CS ~ to data out (MSB) See Figure 2 3.4 

tPHZ, tpLZ Delay time, CS t to data out See Figure 2 150 

tr(EOC) Rise time See Figure 7 100 

tf(EOC) Fall time See Figure 6 100 

tr(bus) Data bus rise time See Figure 5 300 

!fLbusl Data bus fall time See Figure 5 300 

UNIT 

V 

V 

j.lA 

j.lA 

j.lA 

mA 

j.lA 

j.lA 

pF 

UNIT 

LSB 

lSB 

lSB 

lSB 

j.ls 

j.ls 

j.lS 

ns 

ns 

ns 

ns 

j.lS 

ns 

ns 

ns 

ns 

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. 

7. Linearity error i~he maximum deviation from the best straight line through the NO transfer characteristics. 
8. Zero error is th difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference 

between 111111 1 and the converted output for full-scale input voltage. 
9. Total unadjusted error is the sum of linearity, zero, and full-scale errors. 

10. Both the input address and the output codes are expressed in positive logic. The All analog input signal is internally generated 
and is used for test purposes. 
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TLC542M, TLC5421 
LinCMOSTM 8-BIT ANALOG-TO-DiGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

1.4 V 

OUTPUT JkllTEST 

UNOER TEST POINT 

CL 
{SEE NOTE A) l' 

OUTPUT 

UNOER TEST 1 
CL 

{SEE NOTE A) ~ 

I TEST POINT 

3 kl! 

LOAO CIRCUIT FOR 
td. t r• AND tf 

LOAO CIRCUIT FOR 

'PZH ANO 'pHZ 

NOTE A: CL = 50 pF. 

FIGURE 1. LOAD CIRCUITS 

cs \ ... O_.8_V _____ ..J1: 2 V 

I I 
'pZH· IPZL~ I 

I 'pHZ· IpLZ~ 

Doul -----<t 2.4 V ~ 
\O.4V ~ 

FIGURE 2 

VCC J kl! 

OUTPUT TEST POINT 
UNOER TEST 

CL 
{SEE NOTE A) ~ 

LOAD CIRCUIT FOR 

'PZL ANO 'pLZ 

_ADDRESS~ 
1- VALID -I 

I 1 

FIGURE 3 

CS \ f",2V 

\O.8V /: 
I ...... ---------------------;(S~-------------------------- I 
i4 ~I Isu{cs) 'hlcs) I.. ~I 

I/O CLK F\ r::\ i ---.I L.,r--I CLOCK ~ 

FIGURE 4 
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TlC542M, TlC5421 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS 

WITH SERIAL CONTROL AND 11 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

1/0 CLK 

tl(IOI--+l 
I 

~----Iclk(l/Ol----+t 

!4----.l.,f--tPLH· tpHL tdIlO~DATAI 

tv~1 

------~~' rl~~------------------
2.4VX2.4V 

Dout 
______ ~O~.4~V~ ~~0.~4~V ________________ ___ 

EOC 

I I 

---+I t4-

FIGURE 5 

0.8 V 

~--".t-I tdllo~EOCI 

I 
2.4 V", : 

! ,\04 V 
1 ,~-------

---+I I4--tllEocl 

FIGURE 6 

--+I ,... ',(EOCI 

~' ~2.4V 
EOC I 1 

0.4 V I 
1 
I4----tdIEOC~ DATAl-+! 

1,-------------
D

out 
_______________ -<, 2.4 V 

\..,;0;.;..4.;..V~ ____ _ 
I 

I4----VAlID MS8--+ 

FIGURE 7 
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TLC542M, TLC5421 
LinCMOSTM 8-BIT ANALOG-TO-DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

principles of operation 

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 ND 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 TIL-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 flS, while complete input-conversion-output cycles can be repeated every 40 flS. 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 ND devices. Thus, this 
feature minimizes the control logic pins required when using multiple ND 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 I/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 I/O 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 I/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 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 20 fls. After this final I/O Clock cycle, CS must go high or the I/O Clock must remain 
low for at least 20 fls 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-flS 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 ND conversion .is complete and the conversion result is ready for 
transfer. 
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• LinCMOSN Technology 

• 8-Bit Resolution AID Converter 

• On-Chip 6-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample-and-Hold 

• Total Unadjusted Error ... ±0,5 LSB Max 

• End-of-Conversion Output 

• Conversion Time , .. 17 p.s Max 

• Internal System Clock ... 4 MHz Typ 

• Low Power Consumption ... 6 mW Typ 

• Minimum Sample Rates: 
TLC543 ... 45,500 cIs 
TLC544 ... 40,000 cIs 

description 

TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DlGlTAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

D2799, SEPTEMBER 1986 

0, J. DR N PACKAGE 
(TOP VIEWI 

AD VDD 
A1 REF+ 

A2 EOC 

A3 ADDRESS IN 
A4 I/O CLOCK 

REF- DATA OUT 
GND CS 

The TLC543 and TLC544 are LinCMOS'" AID 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 (± O. 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 TLC5431 
and TLC5441 are characterized for operation from - 40°C to 85 °C, 

LinCMOS is a trademark of Texas Instruments Incorporated 

Copyright © 1986. Texas Instruments Incorporated 
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TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

functional block diagram 

REF+ REF-

ANALOG { 
INPUTS 6-CHANNEL 

ANALOG 

CONVERTER 
ISWITCHED-CAPACITORS) 

DATA 
OUTPUT 

ADDRESS ______ ~~--~ 
INPUT 

AND 1/0 
COUNTERS END-OF­

J-----f--.... --r--cONVERSION 
OUTPUT 

1/0 
CLOCK------------+-------------~--------------~--t_--t_------_;::::--_, 

CS-----~~----------------------~ 

operating sequence 

~I~-----------ta+c------------~.I 

1/0 i 12131415161718 ~ 
CLOCK --t-I DON'T ~ , 

I I ) I' I I I I 
~ ACCESS -.) ~ SAMPLE ----t : ~ACCESS--.j ~SAMPLE---..)~-----tconv~ 

I CYCLE B CYCLE 8 ISee N~le A) ! 
CS 4,1-' ------------!, '~f-( ------------', 

CYCLE C CYCLE C 

MSB LSB -twHICS)-MSB LSB 
ADDRESS ~ DON'T CARE J-___ ~ ___ .....;;;D.:;O.;.;N..;'T..;C.:;A.;.;R.:;E;;.... __ _ 

INPUT --I~~----------......;;;..:;......;.....;;;="---~JI ~ 

DATA-$ 
OUT 

+--- PREVIOUS ,.-----+ A7 

HI-Z STATE 

B7 
_CONVERSION DATA B __ 

END OF 
CONVERSION 

MSB CONVERSION DATA A LSB MSB 

I 
MSB LSB MSB 

NOTES: A. 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 complete. 

B. The most significant bit IMSB) is automatically placed on the DATA OUT bus after CS is brought low. The remaining 
seven bits IA6-AO) 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 p.s 
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. TLC5431. TLC544M. TLC5441 
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, Vcc (see Note 1) ............................................. 6.5 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
Output voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VCC + 0.3 V 
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 

TLC5431, TLC5441 .................. " - 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 
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 IGND pin) with REF - and GND wired together lunless otherwise noted). 

recommended operating conditions 

TLC543 TlC544 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, VCC 3 5 6 3 5 6 V 

Positive reference voltage. VREF + (see Note 2) 2.5 VCC vCC+ O.1 2.5 VCC VCC+O.l V 

Negative reference voltage, VREF _ Isee Note 2) -0.1 0 2.5 0.1 0 2.5 V 

Differential reference voltage, VREF + - VREF _ Isee Note 2) 1 VCC VCC+O.2 1 VCC VCC+ O.2 V 

Analog input voltage Isee Note 2) 0 VCC 0 VCC V 

High·level control input voltage, VIH Ifor VCC ~ 4.75 to 5.5 V) 2 2 V 

Low-level control input voltage, V,L Ifor VCC ~ 4.75 to 5.5 V) 0.8 0.8 V 

Input/Output clock frequency, fCLKII/O) 

Ifor VCC ~ 4.75 to 5.5 V) 
0 2.048 0 1.1 MHz 

System clock frequency, fCLKIIIO) Ifor VCC ~ 4.75 to 5.5 V) 4 2.1 MHz 

Input/Output clock high, twHIl/Oi 200 404 ns 

Input/Output clock low, twUIIOI 200 404 ns 

I fCLKII/O) < 1.1 MHz 100 100 
1/0 clock transition time Isee Note 3) I fCLKII/O) > 1.1 MHz 40 

ns 

Duration of CS input high state during conversion, twHICS) 17 17 I'S 

Setup time, address bits at data input 
200 400 ns 

before 110 CLOCK!. tsul~J 

Hold time, address bits after 1/0 CLOCKt, thlA) 0 0 ns 

Setup time, ~ low before clocking in first address bits. 
1.4 

tsulCS) Isee Note 4) 
1.4 I'S 

I TLC543M, TLC544M -55 125 -55 125 
Operating free-air temperature, T A I TLC5431, TLC5441 

·C 
-40 85 -40 85 

NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ones 111111111). and input voltages less than that 
applied to REF - convert to all zeros 100000000). For proper operation, REF + voltage must be at least 1 V higher than REF -
voltage. Also, adjusted errors may increase as this differential reference voltage falls below 4.75 V. 

3. This is the time required for the clock input signal to fall from VIH min to VIL max or to rise from VIL max to V,H min. In 
the vicinity of normal room temperature. the devices function with input clock transitions as slow as 2 JLs for remote data 
acquisition applications in which the sensor and the AID 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 itS 

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. 
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TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

electrical characteristics over recommended operating temperature range, 
VCC ... VREF + - 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/O) ... 2.048 MHz for TLC543 
or fCLK(l/O) = 1.1 MHz for TLC544 

PARAMETER TEST CONDITIONS 

VOH 
High-level output voltage. 

Vee = 4.75 V. 10H = -360 ~A 
Data out. EOe 

I Oata out Vee = 4.75 V. 10L = 3.2 mA 
VOL Low-level output voltage I EOe 

Vee = 4.75 V. 10L = 1.6 mA 

Off-state (high-impedance statel Vo = Vee. es at Vee 
10Z 

output current Vo = o. es at Vee 

IIH High~level input current VI = Vee + 0.3 V 

IlL Low-level input current VI = 0 

ICC Operating supply current CS at 0 V 

Selected channel at Vee. 

Ilkg Selected channel leakage current 
Unoelected channel at 0 V 

Selected channel at 0 V. 
See Figure 1 

Unoelected channel at Vee 

Reference current es at 0 V IREF VREF+ = Vee. 
I Analog inputs 

Ci Input capacitance I . 
Control Inputs II 'A"'""" .""_,re'V" ~ OV. 'A ~ "., 

"'0 .. 
o 
g- PARAMETER MEASUREMENT INFORMATION 
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10 
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0.005 2.5 ~ 
-0.005 -2.5 ~A 

1.2 2 mA 

0.4 1 

~A 

-0.4 -1 

0.1 1 mA 

7 55 

5 15 
pF 
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operating characteristics over recommended operating free-air temperature range, Vcc .. VREF + 
fCLK(II0) .. 2.048 MHz for TLC543 or 1.1 MHz for TLC544 

PARAMETER TEST CONDITIONS 
MIN 

TLC543 

TYP MAX MIN 

Linearity error (see Note 51 ±0.5 

Zero error (see Note 6) ±0.5 

Full-scale error (see Note 6) ±0.5 

Total unadjusted error (see Note 7) ±0.5 

Self-test output code 
Input A5 address - 10110. 01111101 10000011 01111101 

See Note 8 (125) (131) (125) 

teonv Conversion time See Operating Sequence 8 17 

ta+c Total access and conversion time See Operating Sequence 12 22 

tacq Channel acquisition time (sample cycle) See Operating Sequence 4 

tv 
Time output data remains valid 

after I/O clock! 
10 10 

td Delay time. 1/0 clock! to data output valid 300 

ten Output enable time 1.4 

tdis Output disable time 150 

tr(bus) Data bus and EOC rise time 300 

tf(bus) Data bus and EOC fall time See Figure 2 300 

tpHUEOCI Propagation delay. 8th 1/0 clock! to EOC 400 

td(EOC) 
Delay time. EOC to DATA OUT (MSB) 

-1 
(see Note 9) 

NOTES: 5. Linearity error is the maximum deviation from the best straight line through the AID transfer characteristics. 

4.75 to 5.5 V, 

TLC544 
UNIT 

TYP MAX 

±0.5 LSB 

±0.5 LSB 

±0.5 LSB 

±0.5 LSB 

10000011 

(131) 

12 17 ~s 

19 25 ~s 

1/0 

4 clock 

cycles 

ns 

400 ns 

1.4 ns 

150 ns 

300 ns 

300 ns 

400 ns 

-1 ~s 

6. Zero error is the difference between the output of an ideal and an actual AID 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. 
8. 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 . 
9. 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, TLC5441 
8·BIT ANALOG·TO·DlGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

PARAMETER MEASUREMENT INFORMATION 

)
1.4: kO 

OUTPUT 
UNOER TEST TEST POINT 

CL 

OUTPUT flTEST POINT 
UNOER TEST 

CL T 3kn 

O"~~ 'r,:~ '0'" 
UNOER TESTT-

CL J ISEE NOTE A) (See Note Al -= ":" J IS.e Not. A) 

(See Note 8) (See Note BI 

LOAO CIRCUIT FOR 

td. t r • and tf 
LOAD CIRCUIT FOR 

tpZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

~ f VCC 
CS "1'\ . 50% 

,~---------Jt- - - - ---0 V 

INTERNAL 
SYSTEM 
CLOCK 

OUTPUT 
WAVEFORM 1 
(See Note C) 

I ' 

If---tPZL----.! ~tpLZ 

I \L', ,:,--10% VCC 
IIS.e Not. B) " 50% .J. 1 0% 
, .... ·--+-1--- ----OV 

J+--tPZH----.! !4-*tPHZ 
I 

WA~~~~~~ 2 __________ Jf50% \90%---Vo
OvH 

(See Note CI • "---. 

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 

C~;,oCK~0.8V 
I 

OUTPUT f"~-----2.4V 
---1 ; ; \.::.=-= 0.4 V 

k-td-+l ,,....-----X 2.4V 

OUTPUT ______ ..J - - - - - - - - 0.8 V 

DATA 

VOLTAGE WAVEFORM FOR DELAY TIME 

1/0 / BTH 
CLOCK -----i' CLOCK \0.8V 

~ ~I tpHLIEOC) 

EOC 
----------,., k 

I I , I 
t, -+I It- -..I If- tf 

VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 

EOC T2.4 V 

J I.---tdIEOC)~ 
I 

_ _____ ~\2.4 V 'I 
OATA OUT • 

04V I . , 
j4--VAlID MSB~ 

VOLTAGE WAVEFORMS FOR EOC TIMING 

NOTES: A. CL = 50 pF for TLC543 and 100 pF for TLC544. 
B. ten = tpZH or tpZL. tdis = tpHZ or 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. 

FIGURE 2. OPERATING CHARACTERISTICS 
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introduction 

TlC543M, TlC5431, TlC544M, TlC5441 
a·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

PRINCIPLES OF OPERATION 

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 AID 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). 1/0 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 AID conversion, whose end 
is signalled by the EOC output going high. These total access and conversion cycles are completed in a 
minimum of 22 I's for the TLC543 and 25 I's 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 
AID 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 I/O clock. The multiplexer address is shifted in on the first three rising edges of the 1/0 clock. 

The first seven falling edges of 1/0 CLOCK shift out the remaining seven bits of the previous conversion 
on DATA OUT. The eighth 1/0 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 1/0 clock for the respective devices 
and the Data Out and Address In lines. 

At the fourth falling edge of the 1/0 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 1/0 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 AID function is performed 
in the next 36 internal system clock cycles. 

In applications where CS is held low continuously, the bursts of eight 1/0 clock pulses should be timed 
to be at least tconv apart. 
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TLC543M, TLC5431, TLC544M, TLC5441 
8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 5 INPUTS 

CS input 

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 tsu(CS) should be observed when using the CS input. This also 
applies to a CS high-to-Iow transition, except for disabling DATA OUT, which goes into a high-impedance 
state immediately within the tdis 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-Iow transition 
in time ten (equivalent to tsu(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-Iow at least tsu(CS) before the eighth falling 
edge of the I/O clock. The ongoing access cycle is aborted. Again, when a new access cycle starts, the 
previous conversion result is output. 

end of conversion output IEOC) 

EOC goes low at propagation delay time, tPHL(EOC), 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. 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

• Advanced LinCMOS'· Technology 

• Self-Calibration Eliminates Expensive 
Trimming at Factory and Offset Adjustment 
in the Field 

• 12-Bit Plus Sign Bipolar or 12-Bit Unipolar 

• ±1/2 and ±1 LSB Linearity Error in Unipolar 
Configuration 

• 10 IJs Conversion Time (clock = 2.6 MHz) 

• Compatible with All Microprocessors 

• True Differential Analog Voltage Inputs 

• 0 to 5 V Analog Voltage Range with Single 
5-V Supply (Unipolar Configuration) 

• - 5 V to 5 V Analog Voltage Range with 
±5-V Supplies (Bipolar Configuration) 

• Low Power ... 25 mW Maximum 

description 

FEBRUARY 1987-REVISED JANUARY 1989 

J OR N DUAL-iN-LINE PACKAGE 

(TOP VIEW) 

ANlG Vec-- OGTl VCC 
IN- 012 
IN+ 011 

ANlG GNO 010 
REF 09 

ANlG VCC+ 08 
TIE HIGH 07 

ClK IN 06 
WR 05/015 
CS 04/014 
RO 03/013 

OGTl GNO 02/012 
REAOY OUT 01/011 

INT 001010 

1/0 
8US 

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(O 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 ND 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 IJs (2.6 MHz clock) after the nonconversion, capacitor­
calibrating cycle has been completed. The calibration 0: 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 
-55c C to 125c C. The TLC1225AI and TLC1225BI are characterized for operation from -40cC to 85cC. 

Advanced LinCMOS'· is a trademark of Texas Instruments Incorporated 

Copyright © 1987, Texas Instruments Incorporated 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DIGITAL CONVERTERS 

functional block diagram 

r ---------------., I MICROPROCESSOR 

ANLG Vcc-

IN+ 

IN­

REF 

R 

-

r 
L 

...--

1/0 BUS 

TIE HIGH 

INT 

CS 

WR 

RD 

EADY OUT 

-

8-81T I 8\ 8 
CALl8RATION I 

OAC 13-81T 
CAPACITOR DAC 1 -+--

AND SIH 

~ J- 8 13-BIT 
CAPACITbR DAC 

AND SIH 
8-BIT IH 13 CALIBRATION 

I DAC 
13 

13 

5 V - 10 V TRANSLATOR 

13-BIT SWITCH CONTROL 

13 BIT SAR 6 

13-BIT CALIBRATION 
CONTROL LOGIC 

13 r--
13-BIT DATA LATCH 

6 
MUX 

13 13 

-. 
I . 
I 
L 

8-81T SWITCH 
CONTROL 

8-BIT SAR 

REGISTER 1 

REGISTER 2 

ALU 

8-WORD 
RAM 

ADDRESS ADDRESS 
COUNTER COUNTER 

1 2 

CLOCKS 

INPUT DATA LATCHES 

I t 
CONTROL 

ROM 

PROGRAM 
COUNTER 

-I-J- - --

8-BIT 
DATA 
PATH 

I 
I 
I 
I 

__ -I 
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operation description 

TLC1225A, TLC12258 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

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 Band B', and then C and Co. This process continues until all interconnecting stages of the 
comparator are calibrated. After this action, some of the comparator offset still remains uncalibrated. 

FIGURE 1 

2. An AID conversion is done on the remaining offset with the a-bit calibration DACs and a-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 AID conversion result for the remaining comparator offset, obtained in Step 2 above, is 
retrieved from the RAM and is input to the a-bit DACs. 

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The a-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, Cx, 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 a-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. 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DIGITAL CONVERTERS 

Vref (Step 31 
GNO (!!tep 41 

~ 
-LCMSB + -L Cx 

,cx ,CMSB-

~ 
GNO (Step 31 
V ref (Step 41 

analog-to-digital conversion 

FIGURE 2 

} 
MSB CAPACITOR 
VOLTAGE ERROR 

(Step 41 

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 AID 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 DGTL VCC) (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 V 
Supply voltage, ANLG VCC- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -15 V 
Control and Clock input voltage range .................................. -0.3 V to + 15 V 
Analog input (IN+, IN-) voltage range, 

VI+ and VI_ ............................. ANLG VCC- -0.3 V to ANLG VCC+ +0.3 V 
Reference voltage range, Vref ........................ . . . . .. -0.3 V to ANLG VCC+ +0.3 V 
Pin 7 voltage range, VOS ................................. -0.3 V to ANLG VCC+ +0.3 V 
Output voltage range ..................................... -0.3 V to DGTL VCC +0.3 V 
Input current (per pin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±5 mA 
Input current (per package) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 mA 
Operating free-air temperature range: 

TLC1225AM, TL1225BM ........................................ -55°C to 125°C 
TLC1225AI, TLC1225BI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -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: Ali analog voltages are referred to ANlG GND and ali 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 

IANLG VCC+ 4.5 6 

Supply voltage IANLG VCC- -5.5 ANLG GND V 

IDGTLVCC 4.5 6 

High-level input voltage, VIH, all digital inputs except CLK IN 2 V 
(VCC = 4.75 V to 5.25 V) 

Low-level input voltage, VIL, all digital inputs except CLK IN 0.8 V 
(VCC = 4.75 V to 5.25 V) 

Analog input voltage, VI+, VI_ 
I Bipolar range ANLG VCC- - 0.05 ANLG VCC+ + 0.05 

V 
I Unipolar range ANLG GND - 0.05 ANLG VCC+ + 0.05 

Pin 7 (TIE HIGH) 2 V 

Clock input frequency, fclock 0.3 2.6 MHz 

Clock duty cycle 40% 60% 

Pulse duration, CS and WR both low, tw (CSWR) 50 ns 

Setup time before WRt or CSt, tsu 50 ns 

Hold time after WRt or CSt, th 50 ns 

Operating Iree-air temperature, T A 
I TLCI225AM, TLC1225BM -55 125 

'c 
I TLCI225AI, TLC1225BI -40 85 

electrical characteristics over recommended operating free-air temperature range, 
ANLG Vee+ = DGTL Vee = Vref = 5 V, ANLG Vee- = -5 V (for bipolar input range), 
ANLG Vee - = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 2) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level output voltage DGTL VCC = 4.75 V 
Llo = -1.8 mA 2.4 

V 
110 - -50 flA 4.5 

VOL Low-level output voltage DGTL VCC = 4.75 V, 10 = 8 mA 0.4 V 

VT+ Clock positive-going threshold voltage 2.7 3.5 V 

VT- Clock negative-going threshold voltage 1.4 2.1 V 

Vhys' Clock input hysteresis 
VT+ min - VT- max 0.6 

V 
VT + max - VT _ min 2.1 

rref Input resistance, REF terminal 1 10 MO 

IIH High-level input current VI- 5V 1 flA 

IlL LOW-level input current VI = 0 -1 flA 

10Z 
High-impedance-state Vo - 0 -3 

output leakage current Vo - 5V 3 
flA 

10 Output current 
Vo = 0 -6 

mA 
Vo = 5V 8 

DGTL ICC Supply current from DGTL VCC fclk = 2.6 MHz, CS high 3 mA 

ANLG ICC+ Supply current from ANLG VCC+ felk = 2.6 MHz, CS high 3 mA 

ANLG ICC- Supply current from ANLG VCC- fclk = 2.6 MHz, CS high -3 mA 

NOTE 2: Bipolar input range is defined as: VI+ = -5.05 Vto 5.05 V, VI_ = -5.05 Vto 5.05 V, and I VI+ - VI_ Is 5.05 V. The unipolar input 
voltage range is defined as: VI+ = -0.05 V to 5.05 V, VI_ = -0.05 V to 5.05 V, and I VI+ - VI_I s 5.05 V. 
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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+ = DGTL Vcc = Vref = 5 V, ANLG Vcc- = -5 V (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 

TLC1225A ±1 
Unipolar input range 

TLC1225B ±0.5 
EL Linearity error 

TLC1225A ±2 
Bipolar input range 

TLC1225B ±1.5 

Zero error ±0.5 

Adjusted positive and negative 
Unipolar input range ±1 

full-scale error (see Note 3) 

Adjusted positive and negative 

full-scale error (see Note 4) 
Bipolar input range ±1 

Temperature coefficient of gain 15 

Temperature coefficient of offset point 1.5 

Zero error ±0.75 

kSVS 
Supply voltage Positive and negative ANLG VCC+ = 5 V ± 5%, 

±0.75 
sensitivity full-scale error ANLG VCC- = -5 V ± 5%, 

Linearity error 
DGTL VCC = 5 V ± 5% 

±0.25 

tc Conversion time (l/fclk) 27 

ta 
Access time (delay from falling edge of 

CL = 100 pF 110 
CS'RD to data output) 

Disable time, output (delay from rising RL = 10 kf1, CL = 10 pF 60 
tdis 

edge of RD to high-impedance state RL = 2 kf1, CL = 100 pF 60 

td(READY) RD or WR to READY OUT delay 140 

td(INT) RD or WR to reset of INT delay 400 

UNIT 

LSB 

LSB 

LSB 

LSB 

ppmtC 

ppm;oC 

LSB 

clock 

cycles 

ns 

ns 

ns 

ns 

NOTES: 2. Bipolar input range is defined as: VI+ = -5.05 Vto 5.05 V, VI_ = -5.05 V 10 5.05 V, and IVI+ -VI_I s; 5.05 V. The unipolar input 
voltage range is defined as: VI+ = -0.05 V to 5.05 V, VI_ = -0.05 V to 5.05 V, and IVI+ -VI_I s; 5.05 V. 

3. See the Positive and Negative Full-Scale Adjustment section, Unipolar Inputs. 
4. See the Positive and Negative Full-Scale Adjustment section, Bipolar Inputs. 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

~INPUT SAMPLING 

I I+---+t-- CONVERSION 

rLfl..SUlSVVV I 
o 3 10 

WR~ 
I I 
I I 
I I 
I I 

~ 
I I 

tdtlNT)~ II I I~~ ______________ __ 

\\..._-,:....1 -I' I 
I I 
I ~ld(READY) 

I I 
I I 

I I 
I I 
I I 
I I 
I I 
I I 
I i++t-1d(READY) 

td(READY)4 :: 

READY 
I : 
I+---+rlh I I+----+j-ldiS 

Isu---+j 14- I 'a~ __ ---...I 

1/0 BUS ---<~~-----<00>------------------<{ 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 

Vcc 

-1FFDATA RD OUTPUT 

-= rCl 
-= Rl 

DGTl 
VCC 

1#r--"'-.. Rl 

- DATA 
RD OUTPUT 

-= r Cl 

GND ___ -E:tdis 
VOH 90% 

DATA OUTPUT 
GND----

vcc ---..,=;;;--
RD 50% 90% 

GND 10% 

VCC f,:;tdiS 

DATA OUT 
VOl---""I 10% I FIGURE 4. LOAD CIRCUITS AND WAVEFORMS 

-------
"'0 o power-up calibration sequence 

PRINCIPLES OF OPERATION 

Co 
C 
(') 
r+ 

"'0 ... 
CD 
< 
CD' 
:E 
tn 

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 AID 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 CS or 
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 AID conversion 

When INT goes low, conversion is complete and the ND result can be read. A new conversion can begin 
immediately. The ND 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 result 

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 
D12 is low if VI + - VI_ is positive and high if VI + - VI_ is negative. 
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general 

reset INT 

TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 

ANALOG-TO-DIGITAL CONVERTERS 

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 1 VI+ - VI_ I. When 1 VI+ - VI_ 1 equals Vref, the highest conversion data 
value results. When 1 VI+ - VI_ 1 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 NO 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 NO 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. 

II) 

3: 
CI) 

'S; 
The calibrate and conversion commands are initiated by writing control words on the six least significant bits CI) 

of the data bus. These control words are written into the IC when either CS or WR goes high. The initiation of 0: 
these commands is illustrated in the Timing Diagram. The bit patterns for the commands are shown in 
Table 1. 

.... 
U 
::l 

"C o TABLE 1. CONVERSION COMMANDS 

CS+WR 
1/0 BUS REQUIRED NUMBER 

COMMAND 
015 014 013 012 011 DID OF CLOCK CYCLES 

Conversion t H L X X X L 27 

Calibratet t L X L L L L 105 

tCalibration is lost when clock is stopped. 

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 50-Hz noise. There is no time interval between the sampling ofthe 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 

~ 

0.. 
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TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG~ TO-DIGITAL CONVERTERS 

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 I VI+ - VI_ I values, higher source resistances, and lower charge on the bypass capacitors (i.e., faster 
conversion rate). 

For low-source-resistance applications (Rsource < 100 OJ, a O.OOl-I.lF bypass capacitor at the inputs will 
prevent pickup due to the series lead inductance of a long wire. A 100-0 resistor can be placed between the 
capacitor and the output of an operational amplifier 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 VCC lines can cause conversion error. Low-inductance tantalum capacitors (> 1 I.lF) with 

3 short leads should be used to bypass ANLG VCC and DGTL Vcc· 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 
." 
'"'l o 
Q. 
C 
(') 
r+ 

3-52 

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 a 1111 1111 1110 to 
a 1111 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: 

VFS 
-VFS +--

8192 

The difference between the actual and ideal differenti~al VOltageSvi;~) 

Delta = Vx - -VFS +--
8192 

Then apply a differential input voltage of: 

Vx -
Delta 

2 

(1) 

(2) 

(3) 

and adjust Vref 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. 
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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) 0111111111110 ~OSITIVE 

FULL-SCALE 
TRANSITION 

(2) 0 0000 0000 0010 
(1) 0 0000 0000 0001 
10) 0 0000 0000 0000 

7:~~// 

" ,.." ,.. 
" ,..'" 

11111111111111-1) 
11111111111101-2) 

,-J 1 0000 0000 0001 1-4095) ~GATIVE FULL-SCALE TRANSITION 10000000000001-4096) 

ANALOG INPUT VOLTAGE [VINI+) - VINI-)) 

FIGURE 5_ TRANSFER CHARACTERISTIC 

INI+) TIE HIGH 

DGTl Vec 

INI-) 

SEE NOTE A ~ ANlG Vcc 
" 

~ 
Vref 

V-

io.1 ~F 
ANLG GND 

SIGNAL GND 

r-----~~DGTlGND 

';:' POWER GND '--______ ~ 

+Vref 

'i'i 

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 

.... 
U 
~ 

"C 
o 
~ 

Q. 

TEXAS • 
INSTRUMENTS 

3-53 

POST OFFICE BOX 655012· DALLAS, TEXAS 75265 



"tJ ... o 
Q. 
c 
n ... 
"tJ ... 
CD 
< 
CD' 
~ 
en 

TLC1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DIGITAL CONVERTERS 

VXDR 

TYPICAL APPLICATIONS (Continued) 

IN914 

>--IINI,..-............ -tIN(+1 ANLG vcc+ 

4 kU 

IN(-I 

TLC1225A 

TLC1225B 

FIGURE 7. INPUT PROTECTION 

5V 

5V 

+ t 10~F 

""S""E=-E ~ND:::T=E""'B-+--IIN( + 1 ANLG VCC + 1---+---' 
0.1 ~F +10 pF 500 n 

ZERO 
ADJ 

500 n 

IN( -I SEE NOTE A ~ ¥ 
DGTL VCC ~t----<t---.. 

+ 
TLC1225A O.lpF 10pF 

TLC1225B ~ ¥ 
TIE HIGH 

3.9 kn 

Vref I---<~"""C 1 kn 
~--..cFS 

ADJ 

8.2 kn 

NOTES: A. VI_ ~O.15xANLGVee+. 
B. 15% of ANALOG Vee" VXDR " 85% of ANALOG Vee. 

FIGURE 8. OPERATING WITH RATIOMETRIC TRANSDUCERS 
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• 8-Bit Resolution 

• 0.2% Linearity 

• Maximum Conversion Rate, , , 25 MHz Typ 
20 MHz Min 

• Analog Input Voltage Range, . 
VCC to VCC -2 V 

• Analog Input Dynamic Range , , , 2 V to 5 V 

• TTL Digital 1/0 Level 

• Low Power Consumption, . , 200 mW Typ 

• 5-V Single-Supply Operation 

• Interchangeable with Fujitsu MB40578 

description 

TLC5502 
B-BIT ANALOG-TO-DIGITAL CONVERTER 

03220, FEBRUARY 1989 

N PACKAGE 

(TOP VIEW) 

OGTL GNO ANLG GNO 
(LSB) 00 OGTL VOO 

01 ANLG VOO 
02 REFB 
03 ANLG INPUT 

04 ANLG INPUT 

05 REFM 

06 REFT 
(MSB) 07 ANLG VOO 

eLK OGTL VOO 
OGTL GNO ANLG GNO 

The TLC5502 is a low-power ultra-high-speed video-band analog-to-digital converter that uses the 
LinEPIC'· l-J.'m 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 OOC to 70°C, 

functional block diagram 

CLK 

ANLG INPUT-­

REFT 

REFM 

REFB 

R1 

R 

R2 

LinEPIC is a trademark of Texas Instruments Incorporated. 

255 TO 8 
ENCODER 

EN 

LATCH 
AND 

BUFFER 

071MSBI 

06 

05 

04 

03 

02 

01 

DO ILSBI 

Copyright © 1989, Texas Instruments Incorporated 
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TLC5502 
8·BIT ANALOG·TO·DlGlTAL CONVERTER 
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Q. 
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CD 
< 
CD' 
~ 
VI 

equivalents of analog input circuit 

ANALOG INPUT 

VI--+---i 

R 
Vre! 

R 

SAMPLE 
AND 

HOLD 
CIRCUIT 

equivalent of digital input circuit 
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ANLG 

VDD 

ANLG 
GND 

ANLG 
GND 

SAMPLE AND HOLD 

S H 

VI ___ .../) -_-.../) ----OUT' 

Vre!---../ -_-../1 ----OUT2 

DGTL VDD 
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TLC5502 
8-BIT ANALOG-TO-DiGITAL CONVERTER 

FUNCTION TABLE 

STEP 
ANALOG INPUT DIGITAL OUTPUT 

VOLTAGEt CODE 

0 2.960 V L L L L L L L L 

1 2.968 V L L L L L L L H 
I I I 
I I I 

127 3.976 V L H H H H H H H 

128 3.984 V H L L L L L L L 

129 3.992 V H L L L L L L H 
I I I 
I I I 

254 4.992 V H H H H H H H L 

255 5.000 V H H H H H H H H 

tThese values are based on the assumption that VrefB and 
V refT have been adjusted so that the voltage at the 
transition from digital 0 to 1 IVZTI is 2.964 V and the 
transition to full scale IVFTI is 4.996 V. 1 LSB ~ 8 mV. 

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

Supply voltage range, ANLG VDD ...................................... -0.5 V to 7 V 
Supply voltage range, DGTL VDD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Input voltage range at digital input, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Input voltage range at analog input, VI ....................... -0.5 V to ANLG VDD+0.5 V 
Analog reference voltage range, Vref ......................... -0.5 V to ANLG VDD+0.5 V 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°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 

Supply voltage, ANLG VDD 4.75 5 5.25 V 

Supply voltage, DGTL VDD 4.75 5 5.25 V 

High-level input voltage, VIH 2 V 

Low-level input voltage, VIL 0.8 V 

Input voltage at analog input, VI 0 5 V 

Analog reference voltage (top side), V refT 3 
ANLG 

V 
GND 

ANLG 
Analog reference voltage (bottom side), VrefB 

GND 
3 V 

Differential reference voltage, VrefT - VrefB 2 5 V 

High-level output current, IOH -400 pA 

Low~level output current, IOl 4 rnA 

Clock pulse duration, high-level or low-level, tw 25 ns 

Operating free~air temperature, T A 0 70 °C 

II) 

== (1) 

'S 
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TLC5502 
8·BIT ANALOG·TO·DIGITAL CONVERTER 

electrical characteristics over operating supply voltage range. T A - 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOH High-level output voltage IOH - -400 pA 2.4 V 

VOL Low-level output voltage IOL = 4 mA 0.4 V 

II Analog input current VI = 4 V 15 ~A 

IIH Digital high-level input current VI - 5 V 1 ~A 

IlL Digital low-level input current VI = 0 -1 ~A 

II Digital input current VI = 7 V 100 ~A 

IrefB Reference current VrefB = 3 V -10 mA 

IrefT Reference current VrefT = 5 V -10 mA 

ri Analog input resistance 1 Mil 

Ci Analog input capacitance 50 75 pF 

ICC Supply current 40 60 mA 

operating characteristics over operating supply voltage range. T A 25 DC (unless otherwise notedl 

PARAMETER TEST CONDITIONS MIN Typt MAX 

EL Linearity error ±0.2 
f max Maximum conversion rate 20 30 

td Digital output delay time See Figure 3 15 30 

timing diagram 

~twH ~ twL~ 

CLKJ I Sample 
N 

ANALOG I I 

\,,----l Sample ~"", ____ .{"s-a-m-p-Ie-"""'-
I N+1 I I N+2 

INPUT ., I ~ d 

01-06 ____ X ~~~A *"-~-A-T-A-------""'X ~~~A 

UNIT 

%FSR 

MHz 

ns 
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TLC5502 
8·BIT ANALOG·TO·DlGITAL CONVERTER 

TYPICAL CHARACTERISTICS 

IDEAL CONVERSION CHARACTERISTICS 

~ 
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FIGURE 1 

END-POINT LINEARITY ERROR 

~ 
J:/ VI 

I 

f,o(I.-EL61 
/ I 

U/ I 
I 

:J,4i ~ EL33 I 
I 

J~ I-'I~ EL32 I 
I 
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VI-Analog Input Voltage-V 

FIGURE 2 

NOTE 2: This curve is based on the assumption that VrefB and VrefT have been adjusted so that the voltage at the transition from 
digital 0 to 1 (VZTI is 4.000 V and the transition to full scale (VFTI is 4.992 V. 1 LSB = 16 mY. 
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TLC5502 
8·BIT ANALOG·TO·DIGITAL CONVERTER 
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PARAMETER MEASUREMENT INFORMATION 

TO 
DIGITAL 
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MEASUREMENT 
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FIGURE 3. LOAD CIRCUIT 
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• 8-Bit Resolution 

• ± 0.2% Linearity 

• Maximum Conversion Rate . 
30 MHz Typ 
20 MHz Min 

• Analog Output Voltage Range of 
VCC to VCC - 1 V 

• TTL Digital Input Voltage 

• 5-V Single Power Supply Operation 

• Low Power Consumption ... 
80 mW Typical 

• Interchangeable with Fujitsu MB40778 

description 

The TLC5602 is a low-power ultra-high speed 
video digital-to-analog converter that uses the 
LinEPIC'" 1-lLm CMOS process. The TL5602 
converts digital signals to analog signals at a 
sampling rate of dc to 20 MHz. Because of high­
speed operation, the TLC5602 is suitable for 
digital video applications such as digital 
television, video processing with a computer, 
and radar-signal processing. 

The TLC5602 is characterized for operation from 
OOC to 70°C. 

functional block diagram 

COMP------------~ 

REF ----------~ 

ClK 

07-00 DECODE 

linEPIC is a trademark of Texas Instruments Incorporated. 

TLC5602 
LinEPICTM 8-BIT DlGITAL-TO-ANALOG CONVERTER 

STEP 
07 

0 L 

1 L 

I 
I 

127 L 

128 H 

129 H 

I 
I 

254 H 

255 H 

D3224. FEBRUARY 1989 

N 
DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

ANlG GND DO (lSB) 

DGTl VDD D1 
CaMP D2 

REF D3 

ANlG VDD D4 
A OUT D5 

ANlG VDD D6 

DGTl VDD D7 (MSB) 
DGTl GND ClK 

FUNCTION TABLE 

DIGITAL INPUTS 

06 05 04 03 02 01 DO 

L L L L L L L 

L L L L L L H 

I 
I 

H H H H H H H 

L L L L L L L 

L L L L L L H 

I 
I 

H H H H H H L 

H H H H H H H 

OUTPUT 

VOlTAGEt 

3.980 V 

3.984 V 

I 
I 

4.488 V 

4.492 V 

4.496 V 

I 
I 

4.996 V 

5.000 V 

tFor VDD = 5 V. Vrel = 3.976 V. 

CURRENT 

BUFFER SWITCHES 

DRIVER WITH 

WITH RESISTOR 

REGISTER 

1.4 A OUT 
63 

1.1 
3 

Copyright © 1989, Texas Instruments Incorporated 
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TLC5602 
LinEPICTM 8-BIT DIGITAL-TO-ANALOG CONVERTER 

schematic of digital input and analog output 

EQUIVALENT OF EACH DIGITAL INPUT EQUIVALENT OF ANALOG OUTPUT 

DGTL DGTL 
VDD VDD ANLG 

I~ 
---

VDD 

~ .. 80 !J 

}---- AOUT 
On 

f~ ~ .. ~~ ANLGt ---
GND 

ANLGt DGTLt 
GND GND 

t ANlG 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 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Digital input voltage range, VI ............. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Analog reference voltage range, Vref ... " . " ....................... 3.5 V to VDD+0.5 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 55°C to 150 ac 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. VDD 4.75 5 5.25 V 

Analog reference voltage, V ref (see Note 1) 3.8 4 4.2 V 

High-level input voltage, VIH 2 V 

low-level input voltage, Vil 0.8 V 

Pulse duration, ClK high or low, tw 25 ns 

Setup time, data high before ClKt, tsu 12.5 ns 

Hold time, data high after ClKt, th 12.5 ns 

Phase compensation capacitance, Ccomo (see Note 2) 1 ~F 

I Operating free-air temperature, T A 0 70 °C 

NOTES: 1. Vref should be greater than or equal to VDD - 1.2 V. 
2. The phase compensation capacitor should be connected between COMP and ANlG GND. 
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TLC5602 
LinEPICTM 8·BIT DIGITAL·TO·ANALOG CONVERTER 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONOITIONS MIN Typt MAX UNIT 

IIH HighMlevel input current VOO = 5.25 V, VI = 2.7 V 1 pA 

IlL Low-level input current VOO = 5.25 V, VI = 0.4 V -1 pA 

Irel Input reference CUrrent Vrel = 4 V 1 pA 

VFS Full-scale analog output voltage VOO-15 VOO VOO+15 mV 

VZS Zero-scale analog output voltage 
VOO = 5 V, Vrel = 4 V 

3.919 3.98 4.042 V 

ro Output resistance TA = 25°C 60 100 {) 

Ci Input capacitance Iclock = 1 MHz, T A = 25°C 15 pF 

100 Supply current Vrel = 4.05 V 16 25 mA 

operating characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONOITIONS MIN Typt MAX UNIT 

EL Linearity error, best-straight-line ±0.2% 

ED Linearity error, differential ±0.1% 

Gdiff Differential gain NTSC 40 IRE modulated ramp, 2% 

o1>diff Differential phase Iclock = 14.3 MHz 2° 

tad Propagation delay, elK to analog output CL - 10 pF 25 ' I I ns 

ts Settling time to within Y, LSB CL = 10 pF 30 ns 

t All typical values are at VOO = 5 V and TA = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

\4--tsu ~ ~ th 

07·00 }(50% : )(50% 

j4---tw ~ tw~ 

eLK \,50% 150% ~ I 
I 

A OUT I 

FIGURE 1. VOLTAGE WAVEFORMS 
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TLC5602 
LinEPICTM 8·BIT DIGITAL·TO·ANALOG CONVERTER 
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TYPICAL CHARACTERISTICS 

IDEAL CONVERSION CHARACTERISTICS 
5.000 
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Digital Input Code 

FIGURE 2 
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BEST-STRAIGHT-LiNE LINEARITY ERROR 
5.000 

4.996 

~ 4.992 
CD 

'" B 
"0 
> 4.496 
S 
;- 4.492 
o 
'" 4.488 o 
iii 
" « • 
6 3.988 
> 

3.984 

V~D ~ 5.hoo ~ VFS~?~5 ll--
Vref - 3.976 V EL251~ ~ 

I -J 
~ ~- f*. 

EL129 ."" ..... - fr 

ELI1~~~(~~ EL253 

EL 127 T-- "f ~e~" 
*:W"q.\>, 
.,.... f<~ 
i'.~"". «,~ 

ELO 
~l. ~ 

J ~ .. t EL2 ..... .", ...... EL1 
r- VZS 

3.980 
o 
•• 

(; 0 0 (; (; 0 

8 o o o o o 

0 
0 
0 
0 
0 
0 

(; .. 0 .. 0 0 
0 . . 8 0 • 0 .. 0 
0 .. 0 0 
0 (; 0 0 
0 

Digital Input Code 

FIGURE 3 

TEXAS • 
INSTRUMENTS 

.. . .. .. .. .. .. 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

.. .. .. .. .. 
.. .. .. .. .. .. .. .. 



TLC7533, AD7533 
Advanced LinCMOSTM DUAL 1 O·BIT MULTIPLYING 

DlGITAL·TO·ANALOG CONVERTERS 

• Advanced LinCMOS" Silicon-Gate 
Technology 

• Monotonic Over the Entire AID Conversion 
Range 

• Fast Settling Time 

• CMOSiTTL 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 

Power Dissipation 30 mW 

Settling Time 150 ns 

description 

The TLC7533 and AD7533 are Advanced 
LinCMOS" 1 O-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 1 O-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 AD75331 are characterized 
for operation from - 25 DC to 85 DC. The 
TLC7533L and AD7533C are characterized for 
operation from 0 DC to 70 DC, 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

rnR~~Uf!::t':!E:: ~::i~~a~h:a:o:feJ=:er::!~~\~ 

02166, OCTOBER 1986-REVISEO FEBRUARY 1989 

TLC7533 , . , D OR N PACKAGE 
AD7533 , , , N PACKAGE 

(TOP VIEW) 

OUT 1 RFB 

OUT 2 REF 

GNO VOO 
IMSB) BIT 1 BIT 10 ILSB) 

BIT 2 BIT 9 

BIT 3 BIT 8 

BIT 4 BIT 7 

BIT 5 BIT 6 

FN CHIP CARRIER PACKAGE 

(TOP VIEWI 

N~ 

f-f-
u~:t :J:J 

00 zo:o: 

3 2 1 2019 

4 

5 

6 

7 

B 

9 10 11 12 13 

<t LOU'" " f- f-Zf- f-
iii CD a5 iii 

18 

17 

16 

15 

14 

VOO 
BIT 10 ILSB) 

NC 
BIT 9 

BIT 8 

NC - No internal connections 

AVAILABLE OPTIONS 

SYMBOLIZATIONt OPERATING 

PACKAGE TEMPERATURE 
DEVICE 

SUFFIX RANGE 

TLC7533C D. FN. N OOC to 70°C 

TLC75331 D. FN. N -25°C to 85°C 

AD7533C FN. N -25°C to 85°C 

AD7533L FN. N O°C to 70°C 

t In many instances, these les may have both 
TLC7533 and AD7533 labeling on the 
package. 

Copyright © 1986, Texas Instruments Incorporated 
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Characteristic data and other specifications are design 
goals. Texas Instruments reserves the right to change 
or discontinue thase products '!N'ithout Rotice. 
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nC7533, AD7533 
Advanced LinCMOSTM DUAL 1 0-81T MULTIPLYING 
DlGITAl-TO-ANAlOG CONVERTERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 17 V 
Digital input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 to VDD + 0.3 V 
Output voltage at T A = 25°C, oun and OUT2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
RFB to ground at T A = 25°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD 
Reference voltage, Vref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Operating free-air temperature range: TLC75331, AD7533C . . . . . . . . . . . . . . . . .. - 25°C to 85 °C 

TLC7533C, AD7533L .................... OOC to 70°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: D or N package ........ 260°C 

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

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VDD 5 16.5 V 

Reference voltage, V ref ±10 V 

High-level input voltage, VIH 2.4 V 

low-level input voltage, Vil 0.8 V 

I TlC75331, AD7533C -25 85 
Operating free-air temperature, TAl TlC7533C, AD7533l °C 

0 70 

o electrical characteristics over recommended operating temperature range, Voo = 15 V, 
Co Vref = ± 10 V, OUT1 and OUT2 at 0 V (unless otherwise noted) 
C 
(') 
r+ 

"tI ... 
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PARAMETER TEST CONDITIONS MIN MAX UNIT 

IlIkg Input leakage current VI = 0 or VDD ±1 tLA 
ri Input resistance, REF (see Note 2) 5 20 kll 

Full range ±200 
OUT1 Digital inputs at Vil 

25°C ±50 
IOlkg Output leakage current 

±200 
nA 

Full range 
OUT2 Digital inputs at VIH 

25°C ±50 

Supply voltage sensitivity VDD = 14 Vto 17 V, Full range 0.008 
ksvs 

AAV/AVDD (see Note 31 Digital inputs at VIH or Vil 25°C 0.005 
%1% 

100 Supply current 2 mA 

Ci Input capacitance VI = 0 or VDD 5 pF 

OUT1 100 

OUT2 
Digital inputs at VIH 

35 
Co Output capacitance 

OUT1 35 
pF 

OUT2 
Digital inputs at Vil 

100 

NOTES: 2. Temperature coefficient is approximately - 300 ppm/oC. 
3. AV is the ratio of the D/A external operational amplifier output voltage to the REF input voltage when using the internal feedback 

resistor. 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TLC7533. AD7533 
Advanced linCMOSTM DUAL 1 O-BIT MULTIPLYING 

DIGITAL-TO-ANALOG CONVERTERS 

operating characteristics over recommended operating free-air temperature range, Voo = 15 V, 
Vref 0= 10 V, OUT1 and OUT2 at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

Relative accuracy See Note 4 ±0.05 %FSR 

I Full range ±1.5 
Gain error Digital inputs ~ VIH. See Notes 4 and 5 

I 
%FS 

25°C ± 1.4 

Output current settling time 
To ±0.05% FSR. RL ~ 100 II 

Digital inputs changing Irom VIH to VIL. or VIL to VIH 
150 ns 

Feedthrough error 
Digital inputs at VIL. 

Vrel ~ ± 10 V sine wave at 100 kHz 
±0.1 %FSR 

NOTES 4. Practical Full Scale Range IFSRI = Vrel - 1 LSB. 
5. Gain error is measured using an internal leedback resistor. Full Scale IFSI ~ Vrel 11023/1024). Maximum gain change Irom 

T A = 25°C to minimum or maximum temperature is ± 0.1 % FSR. 
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TLC7533. AD7533 
Advanced LinCMOSTM DUAL 10-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTERS 

PRINCIPLES OF OPERATION 

The TLC7533 and AD7533 are la-bit multiplying D/A converters consisting of an inverted R-2R ladder 
and analog switches. Binary-weighted currents are switched between the OUTl 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 OUTl 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, Iref, is switched to OUT2 as shown in Figure 2. The current source Iref/l024 
represents the constant current flowing through the termination resistor of the R-2R ladder; while the current 
source Ilkg represents leakage currents to the substrate. The output capacitances, Col 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 OUTl 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. 

2R 2R 2R 2R 2R 

~~~~~~~e-~~~f~~~+---------OUT2 

~--~~--~~~rf----7~~~-=R---OUTl 

'--JVV'v--RFB 

FIGURE 1. SIMPLIFIED D/A CIRCUIT - ALL DIGITAL INPUTS LOW 

Vref_N+o--... ------~~----<._----OUT2 
R 

Iref/l024~ 

FIGURE 2. D/A EQUIVALENT CIRCUIT -
ALL DIGITAL INPUTS LOW 

R 

Iref/l024~ 

-= 

R 

-= 

AiOUT2 

IIk9j 7 J 35 pF 

FIGURE 3. D/A EQUIVALENT CIRCUIT -
ALL DIGITAL INPUTS HIGH 
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nC7533, AD7533 
Advanced LinCMOSTM DUAL 1 O-OIT 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. 

15 V VI 
RA = 2 kn 
(see Note 61 

RB (see Note 61 

VDD REF 

DIGITAL 
BIT1 TLC7533 

INPUT OR Vo 
(DI AD7533 

GND 

FIGURE 4. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 

DIGITAL 
INPUT 

(DI 

15 V VI 

VDD REF 

RA = 2 k!l 
(see Note 6) 

TLC7533 
OR 

AD7533 

GND 

20 k(l 20 k!! 

FIGURE 5. BIPOLAR OPERATION (4-QUADRANT OPERATION) 

NOTES: 6. RA and RS are used only if gain adjustment is required. 
7. C1 (10-33 pF) may be required for phase compensation when using high-speed op-amps. 

Vo 

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE 

DAC DIGITAL INPUT 

MSB LSBt 

1111111111 

1000000001 

1000000000 

0111111111 

0000000001 

0000000000 

t 1 LSB = (2 - 101 VI 
~ 1 LSB = (2 - 9) VI 

ANALOG OUTPUT 

-VI (1023/10241 

-VI (513110241 

-VI (512/1024) = -Vrejl2 

-VI (511/1024) 

-VI (1/10241 

- VI to/10241 = 0 

DAe DIGITAL INPUT 

MSB LSB* 
ANALOG OUTPUT 

1111111111 +VI (511/5121 

1000000001 +VI (1/5121 

1000000000 0 

0111111111 -VI (1/5121 

0000000001 -VI (511/5121 

0000000000 - VI (512/5121 = -VI 

EI 
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nC7533. AD7533 
Advanced LinCMOSTM 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 kll). The input voltage should not exceed 1.5 V to ensure nonlinearity errors less than 1 LSB. 

DIGITAL 
INPUT 

(01 

15 V 

= 

Vo _...Q... VI 
210 

'----Vi'" 1.5V 

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: 

where D 

DIGITAL 
INPUT 

(01 

( 1024) Va = -VI -D-

Digital Input Code (expressed as a decimal number) 

Bin TLC7533 
OR 

A07533 

GNO 

= 

,..-____ VI 

Vo 

FIGURE 7. PROGRAMMABLE GAIN AMPLIFIER 

GAIN TABLE 

0 VoNI 
1023 -1.00097 

512 -2 
256 _4 

128 -8 
2 -512 
1 -1024 

0 open loop 
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nC7533, AD7533 
Advanced LinCMOS™ DUAL 1 O·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 a v, for 11111 11111, the threshold is - Vref. 

DIGITAL 
INPUT 

10) 

DIGITAL 
INPUT 

10) 

-.:FJ:r-- 4.7 kO 

SQUARE WAVE 

15 V 

-= -= 

VDD REF 

BITl TLC7533 · OR · 
--A.t- -

>-........ _ TRIANGLE · A07633 WAVE 

GND f ~ 1 0~4 (8 R: CX ) 

Rx ~ 10 kO 

FIGURE 8. PROGRAMMABLE FUNCTION GENERATOR 

15 V V,ef 

TLC7533 
OR 

AD7533 

GNO 

PASS/FAIL OUTPUT 

THRESHOLD = -V,ef(..E...) 
1024 

FIGURE 9. PROGRAMMABLE LIMIT DETECTOR 

II 

.... 
CJ 
:::l 
'0 o ... 
c.. 
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TLC7533. AD7533 
Advanced LinCMOS™ DUAL 1 0·81T MULTIPLYING 
DIGITAL·TO·ANALOG CONVERTERS 

TYPICAL APPLICATION DATA 

15 V Vret 

REF 

BITl 
DIGITAL · TLC7533 
INPUT · OR 

(0) · AD7533 + 

Rl 

R2 

GND V _ V [~R2 )_ 0 ( Rl )] o ref Rl +R2 1024 Rl +R2 

MAGNITUDE 
BITS 

-= where: o s 0 s 1023 

FIGURE 10. MODIFIED SCALE-FACTOR AND OFFSET 

15 V Vret 

BITl · · · BIT10 

TLC7533 
OR 

AD7533 

GND 

10 k!l 

ANALOG 

SIGN BIT------t_---------------...J 

FIGURE 11. 10-BIT AND SIGN MULTIPLYING D/A 

10 k!l 

5 kll 
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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 

prefix-------------------------...JI 

MUST CONTAIN TWO OR THREE LETTERS 

TL ..................... TI Linear Products 
TLC ..... TI Linear Silicon-Gate CMOS Products 

STANDARD SECOND-SOURCE PREFIXES 

AD . . .. Analog Devices 
ICL . . . . . . . . .. Intersil 

ADC . . . . . . .. National 

Unique Circuit Description Including Temperature Range -------' 

MUST CONTAIN TWO TO SIX CHARACTERS 
(From Individual Data Sheets) 

Examples: 10 
191 
1540 

1255A 
32040C 

Package---------------------------J 

MUST CONTAIN ONE OR TWO LETTERS 

0, OW, FK, FN, J, JD, N, P 
(From Pin-Connection Diagrams on Individual Data Sheet) 

544M J 

MIL-STD-883B, Method 5004, Class B _____________ ---1 

OMIT/883B WHEN NOT APPLICABLE 

/883B 

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 (0, OW) 
Dual-In-Line (J, JD, N, P) 
-Slide Magazines 
-A-Channel Plastic Tubing 
-Sectioned Cardboard Box 
-Individual Cardboard Box 

Chip Carriers (FK, FN) 

-Anti-Static Plastic Tubing 
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MECHANICAL DATA 

0008.0014. and 0016 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. 

0008.0014. and 0016 
116-pin package used for illustration) 

t I -
6.20 10.2441 ~ iI"='==!"!""!"'==!"!""!"'='''!''='=!=!~ 
5,80 (0.228) I 

4,00 (0.157) 

3,81 (0.150) 

~~;;;:::::;::;:::;:::;:::;::;:::;;:;:::;:::;::::;::;Y 

'MOO" r- ,',~ .""W., '''.~:;::::~:~ .m"."., ~ 

':~.::=,:='.='._1-4_1-.:;-r-=~~~~~~~4~P~l~A~CJE~S~Jj~~Jl~~OJ:~:~~J:~:.~':~'", ~147pOlNAOcMEJ) ~L4j. 
0,356 (0014) 

0,79 (0.031) 
0,28 (0.011 J 1.12 (0044) 

PIN SPACING 0,51 (0.020) 
1.27 (0.050) 
(See Note Al 

~ 8 14 16 
DIM 

A MIN 
4,80 8.55 9.80 

10.189) 10.337} 10.386} 

A MAX 
5.00 8,74 10,00 

10.197} 10.344} 10.394} 

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. 
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 iQ.002) exclusive of solder. 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

II 
co ... 
CO 
C 
CO 
(.) 

'2 
CO 

.s:: 
(.) 
CD 

2 

4-5 



4-6 

MECHANICAL DATA 

DW016, 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. 

DW016. DW020. DW024. and DW028 
(20-pin package used for illustration I 

~ 4 PLACES 
9,0 {O.3541 ~r

"NOM 

235F:
J
B£CtP:CtDbAAdj 

0.30~-' -, - II 0,490(0.019' 

0,10(0.004) 1 I -+I 14-~ 
0.785 (0.031) , ' 

~)/4-1 

0,5 (0.021 X 45°L C-8,6 10.338)-----, 

rl=r -)1 
~1 II r 4' 4' \-,CNOM 

0.320 (0.013" 4 PLACES P 
0,230 (0.0091 1,27 (0.050) 

0,40 (0.016) 
~1.27(Q050)TP(SeeNDleAI 

X DIM 
16 20 24 28 t 

AMIN 
10.16 12.70 15.29 17.68 

(0.400) (0.500) (0.602) 10.696) 

A MAX 
10.36 12.90 15.49 17.88 

(0.408) (0.508) (0.610) 10.704) 

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 10.0061. 
D. Lead tips to be planar within ±0,051 10.002) exclusive of solder. 
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INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



MECHANICAL DATA 

FK020 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 (O.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 I 

JEDEC 
OUTLINE 

DESIGNATION" 

MS004CB 

MS004CC 

CERAMIC CHIP CARRIERS 

NO. OF A 
TERMINALS MIN MAX 

20 
8.69 9.09 

10.3421 10.3581 

28 
11.23 11.63 

10.4421 10.4581 

B 
MIN MAX 

7.80 9.09 
10.3011 10.3581 
10.31 11,63 

10.4061 10.4581 

"All dimensions and notes for the specified JEDEC outline apply. 

0.71 10.0281 I I 
0.56 10.0221""1 !<-

0.51 10.02. 01-+1 r- , 
0.25 10.0101 J--l-

1.1410.0451 

----.C 0,89 10.0351 

f----11 2,03 10.0801 

[.--..1-1,6310.0641 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ~ 
INSTRUMENTS 
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MECHANICAL DATA 

FN020, FN028, FN044, FN068, and FN084 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, 

FN020, FN028, FN044, FN068, and FN084 
(28-terminal package used for illustration) 

1 22 (0048) 
1,07 10.042) 45 I' . X 0 

/ 0 
5 • 3 2 1 28 27 26 

6 

7 

A B • 

w:: 
12 13 14 15 16 17 1. 

25 

2. 

23 

22 

21 

20 

1. 

I 
I~ B .I~I' 0,25 (0.010) R 
~ ______ A_(s_e_e_N_ot_e_A_)_---oI' 3PLACES MAX 

NO. OF A B C 

TERMINALS MIN MAX MIN MAX MIN MAX 

9.78 10,03 8,89 9',04 7,87 8,38 
20 

(0.3951 (0.3501 (0.356) (0.310) (0.3301 to.385) 

12,32 12.57 11,43 11.58 10,41 10.92 
28 

10.4851 (0.4951 (0.4501 (0.4561 10.4101 (0.4301 

17,40 17,65 16.51 16,66 15.49 16,00 
44 

(0.6851 (0.6951 (0.6501 (0.658) 10.610) (0.6301 

25,02 25,27 24.13 24.33 23,11 23.62 
68 

(0.9851 (0.9951 (0.9501 (0.9561 (0.9101 (0.9301 

30.10 30,35 29,21 29.41 27.69 28,70 
84 

11.1951 (1.150) 11.158) 11.090) 11.1301 11.1851 

SEATING PLANE 
(See Note C) 

0,81 (O,032)--jt---+f 

0,66 10.026) ~T 
1,52 (0,060) MIN 

i--.l 
I ;;;64 (0,025) MIN 

0,51 (0.020)->1 I ~ 
0,3610.014) I 

LEAD DETAIL 

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 ." 
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MECHANICAL DATA 

J014 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 (0.3001 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. 

J014 

Ii. 

r-~::~::~;:~:- 1 
I ~~~®@CV1( I 

'","00,,.,," i: : : : : : : I 
7.8710.3101 
7.3710.2901 

7,11 (0.280) 
6,22 to.~45) 

---11- I 1.27 0.51 (0.0201 MI"l .... t 1,7810.0701 MAX 14 PLACES ffiD (0.050) NOM GLASS 

5 08 to 2001 II SEALANT 

'.' -"',"C'~' r !r!1 ~ 1-11-11-111: ~"'''.~''"'" 
"""'9(50 _~ Ul1 14 PLACES 

14 PLACES,.-I14- L 1 -J f- 0.5810.0231 14 PLACES 

0,3610.0141 3,30 (0.1301 r--" ~ O'~~!~'~~~;, 8 & CI 
0,20 (D,OOS) MIN 2.54 (0.100) i 

14 PLACES 1,78 (0.070) PIN SPACING 2.54 (0.100) T.P. 
4 PLACES (See Note A) 

Fails 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 (0.0101 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. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 

J018 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. 

J01S 

7.87 (0.310) 
7.37 (0.290) 

7.62 (0.300) 
6.22 (0.245) 

1.t -1.27 (0.050) NOM 

~ 5.08(0.200) 
MAX 

SEATING" ---

..1Q.E PLANE 3,30 (0.130If 
90° MIN 

,. PLACES .1~0.356(0.014) '"'If.------ -H 
~, 0.203 (0.008) 

18 PLACES 
PIN SPACING 2.54 (0.100) 

(See Note A) 

MAX 18 PLACES 

0,69 10.027) MIN 
114--tt--ttt-14 PLACES 

{See Notes B &. CI 

0.58 (0.023) 
0,38 (0.015) 
18 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY !N INCHES 

CD 
(') NOTES: A. Each pin centerline is located within 0.2510.0101 of its true longitudinal position. 
:::r B. This dimension does not apply for solder-dipped leads. 
I» C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0.51 10.0201 above the 
::::J seating plane. 

Cr 
~ 
c 
I» .... 
I» 

4-10 
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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 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. 

J020 

It It 

7.6210 3001 
6,22 (0.245) 0000®®0®®@ 

1.78 (0.070) MAX 20 PLACES 

g ~:~~ :~.~~~: 
-, 1,2710 0501 NOM 

~ MAX 

r:;~~;:;:;~;:;:;;:;:t..... GLASS If- SEALANT 

105' -S~t;~~G 3,30 It 1301' 4 ~ 
"""9Q5" MIN ! 

20 PLACES ... ______ y 

-\\.-~:~~ :~~~:: f 0,30510.0121 MINJ [ I 
20 PLACES 4 PLACES I ~ 

PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 

0,58 10.0231 
0,38 10.0151 
20 PLACES 

(See Notes B 8. CI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.0101 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 (0.0201 above the 

seating plane. 

co ... 
CO 
C 
CO 
CJ 
'2 
CO 
.c 
CJ 
CI) 

:2 

TEXAS ." 
INSTRUMENTS 
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CD 
(') 
:::r 
CI) 
:::J 
n' 
et 
c 
CI) .... 
CI) 

MECHANICAL DATA 

J028 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 1 5,24 (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. 

J028 

NOTES: 

··~·1::::::::::::::1 
~~:~:~.:~: 00®0®@0@@@@@@)@) 

~37'''''''MAX 

-===-<++---' 1,91 (0.0751 

-1,21 (0.0501 NOM f ... '·;:":;";:''''':;;:' :;;::;;::;;:;:~;:;':;:';:;:J:1Q ~::;~:E::3tGLASS SEALANT t-
SEATING PLANE

il 

O,30(O.O'21~ 
0,20 (O,OOB) 

28 PLACES 

ISeeNottAl 

IS ... Note. B& C) 
2,5410.100) 4 PLACES 
l,62tO.0601 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

A. Each pin centerline is located within 0,25 (0.0101 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 (0.0201 above the 

seating plane. 

4-12 TEXAS ." 
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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 

Cf. Cf. 
I--A~ 1.7810.0701 

1- _I 0.51 !Q020} MIN O.76(O.O~O):t t .,_ 
Er9 l.fflmtV\fVm 5.0810.2001 MAX 

_ SEATING * 
105 0 PLANE -no 3.1810125) MIN 

...... 90° 'MAX ~ I • 

II 0.38 100151 '.9'41~l'::;~SMAX.oj 1--1 JL 
-..j~ 0.20 10.0081 -+I 1--2.5410 1001 NOM 0.5310.021 I 

PIN SPACING 0.3810.0151 
(See Note A) 

:--~N} 24 28 
DIM 

A +0.51 1+0.O20} 15.24 15.24 

-0.251-0.010} 10.600} 10.600} 

B IMAX} 31.8 36.8 

11.250} 11.450} 

C INOM} 15.0 15.0 

IO.590} 10.590} 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

II 

TEXAS • 
INSTRUMENTS 
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MECHANICAL DATA 

NO 14 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. 

N014 

r-~~ 

~ - (O62~~:~'~~O) 0000000 
----I 2,0 (0 080) NOM I ---.i. ---j r-1.7810 0701 MAX 14 PLACES 51'" '0'51100201~1 

0.2510 0101 5 0810 2001 MAX MIN 
NOM . + ~ 

.. -SEATING PLANE , , - --.l I 0,84 (0 033) MIN 

~ + I 14 PLACES 

14PLACES --\1--0.3610.~ I ::J I ~ _11- 0533100211 ~:~~~g~~ 3,17 (0.125) MIN ....., '--0:381 (0:015) 
(See Notes Band CI 14 PLACES 

(O~O~~: ~:~~O) r-- {See Notes Band CI 

4 PLACES PIN SPACING 2.54 (0.1001 T. P. 
(See Note Al 

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. 

4-14 

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 

N016 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. 

N016 

7.62:!: 0,25 
(0.300 ± 0.010) 

6,35 t 0,25 
(0.250:t a.01D) 

2,0 (0.080) NOM 

r 19,8 (O.laO) MAX ------1 
~@®®@@®0 

'::::0",::, :::i : : : : : J 
00000000 

. -.i.... ~ 1'--1.78 (0.0701 MAX 16 PLACES 

'r.O,25 (0.010) NOM MIN 

5.08 (0.2001 MAX ~ t\ ~ 
--SEATING PLANE--'"--..,,....,.--' 

"---'- t 0'51(o.o20i~1 ~ 

-.J 0,84 iO.033) MIN 

..... 90' -, U U U 12 PLACES 

16PLACES....\l-g:~~:gg~ci: U~ _IL 0.533(0.0211 
16 PLACES --, r- 0,381 (0.015) 

(See Noles B and C) 16 PLACES 

Parts may be supplied In accordance 
with the alternate side view at the 
optIon of TI plants located In Europe. 
In this case, the overall length of the 
package IS 22,1 (0.870) max. 

(See Notes B and C) 

PIN SPACING 2,54 (O.100) T. P. 
(See Note A) 

ALTERNATE SIDE VIEW 

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. 
8. 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 ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
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MECHANICAL DATA 

NO 18 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. 

N018 

'i. 'i. 

Si
O~3~~: ~:~~a) 

-~~ 000000000 
"1 _ --.L 2,03 (0.080) NOM ~ t--,,78 (0.070) MAX 18 PLACES 

-.::: '0'51(00201~1 0,25 (0 010) NOM MIN 

-SEATING PLANE 5,08 (a '1001 
MAX --*--J-t -I j. 089(0 0351 MIN 

_ 18 PLACES 

--' l-. a 279 t 0,076 J,17 (0 125) MIN - L Hr ~ ~ 0,457 • 0,076 
~r(OO".0003) (O01S t oa03) 

18 PLACES 18 PLACES 
(See Notes B and C) 1,91 fa 075) (See Notes B and C) 

042:l~C~:) PIN SPAC(I:a~ ~~:~) l00} T P 

23,4 (0.920) MAX -=-=--=1 

'~:..:::=i::::::: I 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 

4-16 

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 (0.0201 above seating 

plane. 
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MECHANICAL DATA 

N020 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. 

N020 

7,62*0,25 
(0.300'0.010) 

I<----+f+~:~~ :~:~:~: 
-1 2,0 !a.OBO) NOM 

1<------ ~~:~~ i~::~::-----+I 

111 0,25 (0010) NOM 

-SEATING PLANE----lf--.--

105' 

9if 
20 PLACES ----..\\--~:~: :~:~~~: 

20 PLACES 

(See Notes B and C) 

~ J \0-- ~:; :::::: 
4PLACI:;S 

VIEWA 
Parts may be supplied in accordance 
with the alternate side view at the 
oPtion of TL European-manufactured 
parts may have pin 1 35 shown in 
view A. Alternate-side-view parts 
manufactured outside of the USA 
may have a maximum package length 
of 26,7 (1.050). 

(See Note A) 

I<-------~~::~ :~:~~~: 
ALTERNATE SIDE VIEW 

(See Note AI 

4 PLACES 

20 PLACES 
(See Notes Band C) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES; A. Each pin centerline is located within 0,25 (0.0 1 0) 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 • 
INSTRUMENTS 
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MECHANICAL DATA 

N022 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. 

N022 

14-------28.511.1201 MAX------<~ 

\@@@@®®®®@®® 

,~~~1§i;;;;;;;;;1 
0000000008@ 

114----IIofj-9,02 (0.355) MAX 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 

4-18 

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 

N02S 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. 

N02S 

1<------36.611.4401 MAX-------01 

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. 
S. 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. 

as ... 
as 
C 

TEXAS ~ 
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MECHANICAL DATA 

POOS 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. 

poos 

1:=:"'0.2 (0.4001 MAX-:1 

I~ 0 0 ~I 

INDEX DOT 

00 00 

I 
5.08 (0.2001 h-r-r--,-,.-----,....,.--,--I 

MAX 

LSEATING PLANE~--.--
-, GAUGE PLANE 

I L 0,76 (0.030) 
0,00 (0.000) 

J\ 0,28 !. 0,08 
~\t-- (0,011 ± 0.003) 

8 PLACES 
(See Notes B and C) 

3,17 (0.125)1 I 
MIN ~ 

2,54 (0.100) T.P. 
6 PLACES 

(See Note A) 

--..\ !.- 0,457 ± 0,076 
(0.018 ± 0.003) 

8 PLACES 
(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. 
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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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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837·7530. 

ARIZONA: Phoenix (602) 99&-1007; 
Tucson (602) 292·2640. 

CALIFORNIA: Irvine (714) 660·1200; 
Roseville (916) 786-9208; 

=:~t~'~r.~~~!~~f~~£:~~; 
Torrance (213) 217.7010; 
Woodland Hills (818) 704-7759. 

COLORADO: Auror. (303) 368·8000. 

CONNECTICUT: Wallingford (203) 269-0074. 

FLORIDA: Attamonta Springs (305) 26()'2116j 
Ft. Lauderdale (305) 973-8502; 
Tampa (813) 885·7411. 

GEORGIA: Norcross (404) 662-7900. 

ILLINOIS: Arlington Heights (312) 640-2925. 

INDIANA: Carmel (317) 573-6400; 
Ft. Wayne (219) 424-5174. 

IOWA: Cedar Rapids (319) 395-9550. 

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. 

MISSOURI: St. louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 75D-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463-9291; 
Mefvllle (516) 454-6600; 
Pittsford (716) 385-6170; 
Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 52NJ933; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 
Beaver Creek (513) 427-6200. 

OREGON: Beeverton (503) 643-6758. 

PENNSYLVANIA: Blue Bel' (215) 825-9500. 

PUERTO RICO: Hato Rey (809) 753-8700. 

TENNESSEE: Johnson CRy (615) 461-2192. 

~~::n ~f~~nrl58~:~=:~7655; 
:~c;.h:=:ro (~,~}e:~6~,0::~. 
UTAH: Murray (801) 266-8972. 

WASHINGTON: Redmond (206) 881-3080. 

WISCONSIN: Brookfield (414) 782-2899. 

CANADA: Napean, Ontario (613) 72&-1970; 
Richmond Hili, Ontario (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 Arlington Hetghts (312) 640-2909. 

MASSACHUSEn'S: Waltham (617) 895·9196. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726-1970. 

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 Laboratories 
Zeus Components 

- OBSOLETE PRODUCT ONLY­
Rochester ElectroniCS, Inc. 
Newburyport, Massachusetts 
(508) 462·9332 

~~.':,~~~~o~{~~~J;~J~ J~~~:'~~2i~~~81-9235; 
Schweber (205) 895-0480. 

ARIZONA: Arrow/Klerufff (602) 437-0750; 
Hall-Mark (602) 437~t2oo: Marshall (602) 496-0290; 
Schweber (602) 431·0030; Wyle (602) 866-2888. 

X~~~:~~~ (kr:) ~~'~~;~~?~f:)·8~~~~1~; 
~~':~~:~k(~~1~)4~~~O~~~'(~~~j)4~~~~~~: 
(714) 458-5395; Schweber (818) 880-9686; 

~'4) 863-0200, (213) 320-8090; Wyle (818) 880.9000, 
714) 863·9953: ZeLiS (714) 921-9000; (818) 889-3838: 
acremento: Hall-Mark (916) 624-9781; 

Marshall (916) 635-9700; Schweber (916) 364·0222; 
Wyle (916) 638-5282: 
San Diego: Arrow/Kierulff (619) 565-4800; 
Hall·Mark (619) 268~1201; Marshall ~61~ 578-9600; 

~~~~:~~,~c':h:;~:::~tk~;rJ,~ (:-~1 ~~-66oo, 
~:~:~Zr \~~~) ~~~-_~~~~;: r:~~'(J~~j~~7~::;:'~00; 
Zeus (408) 998·5121. 

COLORADO: Arrow/Klerulff (303) 790.4444; 
Half·Mark (303) 790-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457-9953. 

CONNETICUT: Arrow{Klerulff (203) 265-7741: 
Hall-Mark (203) 271.2844; Marshall (203) 265.3822; 
Schweber (203) 264--4700. 

FLORIDA: Ft. Lauderdale: 
Arrow/Klerulff (305) 429-8200; Hall-Mark (lOS) 971-9280; 
Marshall (305) 977-4880; SChweber (305) 977-7511; 
Orlando: Arrow/Klerulff (407) 323-0252; 
Hall·Mark (407) 830~5855; Marshall (407) 767-8585; 

~~~~~~e~~tl~rJa::18~~~5~lt~~J:~7} 365-3000; 
Marshall (813) 576-1399; Schwaber (813) 541-5100. 

GEORGIA: Arrow/Kierulff (404) 449-8252; 
Hall-Mark (404) 447-8000; Marshall (404) 923-5750; 
Schweber (404) 449-9170. 

ILLINOIS: Arrow/Klerulff (312) 25D-0500; 

~::::rr3~~1 ~~8~~~~~~c~:::::1 (~~~~) 3~~~3~~~~; 

~a~~~~:k (~,~)~~r.8':~5~:~~~!~r(~~ ~~~~7~~~~53; 
Schweber (317) 843-1050. 

IOWA: Arrow!Klerulff (319) 395-7230; 
Schweber (319) 373-1417. 

~I~:ta~~ (~f~}s::tS7J7f~~~:~~~rrJ~3~~~~~~ 2~~2: 
Schweber (913) 492-2922. 
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MARYLAND: Arrow/Klerutff (301) 995-6002; 

~:~:e~:r \~V) :t~:'o': ~~~h~W~~7~:t~4; 
MASSACHUSETTS Arrow/Klerulff (SOB) 658..()900: 
Hall·Mark (508) 667-0902; Marshall (S08) 658-0810; 
Schweber (617) 275-5100; Time (617) 532-6200; 
Wyle (617) 273-7300; Zeus (617) 863-8800. 

MICHIGAN: Detroit: Arrow/Klerulff (313) 462-2290; 

~::r~~~13J6~~6~~t~::::::'(&~~~)5~~8~O~~: 
Grand Rapids: Arrow/Klerulff (616) 243'()912. 

~~~~~~~Te~ki~~~~J:~~u~~~:~:ll ':~1~OSOJ-2211; 
Schw";.ler (612) 941-5280. 

MISSto .. RI: St. louis: Arrow/Klerulff (314) 567-6888: 
Hall.Mark (314) 291-5350; Marshall (314) 291-4650; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow/Klerutff (803) 668-6968: 
Schweber (603) 625·2250. 

NEW JERSEY: Arrow/Klerulff (201) 538-0900, 
(609) 596-8000: GRS Electronics (609) 964-8560; 

r~~M:;t~~~; tr;;:~I~'J~~1)8~~~~~~~' 
(6091234-911)0; Schweber (201) 227-7880. 

NEW MEXICO: Arrow/Klerulff (505) 243-4566. 

~r.g=itt '(:f~ ~~f-~~Os; Hall·Mark (516) 737-0600; 
Marshall (516) 273·2424; Schweber (516) 334.7474: 
Zeus (914) 937-7400: 

=::::::(~ta):;~~;~~ ~~!:~:ln7~~~~35-7620; 
Schweber (716) 424.2222; 
Syracuse: Marshall (607) 798-1611. 

NORTH CAROLINA: Arrow/Klerulff (919) 876-3132, 

~~~1h~~,~:T~ih~~ra~~ S~~!~:!~{~~~f;876-0000. 
OHIO: Cleveland: Arrow/Klarultf (216) 248-3990; 
Hall-Mark (216) 349-4632: Marshall (216) 248-1788: 
Schweber (216) 464-2970; 
Columbus: Hall-Mark (614) 888-3313; 

g:fs~~:, fs~3)'~~':':0~5~:~!:g:'5~~;3) 439-1800. 

OKLAHOMA: Arrow/Kierulff (918) 252.7537; 
Schweber (918) 622-8003. 

OREGON: Arrow/Klerulff (503) 645-6456; 
Marshall (503) 644-5050: Wyle (503) 640-6000. 

~~~r:iJ:r:O~I;~R~r:,::::~~: ~:1 ~l :~::;gg~; 
~arShall (412) 963-0441; Schweber (215) 441-0600, 
(412) 963·6804. 

TEXAS: Auslln: Arrow/Klerultf (512) 835-4180: 
Hall·Mark (512) 258-8848; Marlhall (512) 837.1991; 
Schwaber (512) 339-0088; Wylt (512) 834-9957; 

~:::~:~r:(2~KJ~;~~~~t18~:~1:~4) 233-5200; 
Schweber (214) 661-5010; Wyl, (214) 235·9953; 
Zeus (214) 783-7010; 
EI Paso: Marshall (915) 593-0706: 
Houston: Arrow/Klarulff (713) 530-4700; 
Hall-Mark (713) 781-6.100; Marshall (113) 895-9200; 
Schweber (713) 784-3600; Wytt (713) 879-9953. 

~!~~:a~(;~~~;~~0~1~:~':~1(i01) 485.1551; 
Wyle (801) 97"9953. 

WASHINGTON: Arrow/Klerulff (206) 575-4420; 
Marshall (206) 486-5747: Wyle (206) 881-1150. 

WISCONSIN: Arrow/Klerultf (414) 792-0150; 
Hall-Mark (414) 797-7844: Marshall (414) 797-8400; 
Schwaber (414) 784-9020. 

~:~:~t:~:C~~~~:(Io~)~~?~:~:35-5325; 
Montreal: Arrow Canada (514) 735-5511; 
Future (514) 694-7710; 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820·8313: 
Quebec City: Arrow Canada (418) 871-7500: 
Toronlo: Arrow Canada (416) 672.7769; 
Future (416) 638-477'; Marshall (416) 674.2161; 
Vancouver: Arrow Canada (604) 291·2986; 
Future (604) 294·1166. 

Customer 
Response Center 
TOLL FREE: (800) 232-3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 
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TI Worldwide 
Sales Offices 
ALABAMA: Hunt.vIIe: 500 Wynn Drive. Suite 514, 
Huntsville. AL 35806, (2051 837·7530. 

ARIZONA: PhoenIx: 8825 N. 23rd Ave., Phoenix, 
AZ 85021. 16021 995-1007;TUCSON: 818 W. Miracle 
Mile. Suite 43, Tucson. AZ 85705. 16021 292-2640. 

CAUFORNIA: 'NIne: 17891 Cartwright Dr., Irvine. CA 
92714. {7141 66().1200: RoI8vile: 1 Sierra Gate 
Plaza, Roseville, CA 95678, (9161 786·9208; 
San DIego: 4333 View Ridge Ave., Suite 100, 
Sen Diego, CA 92123, 16191278-9601; 
Santa C ..... : 5353 Betsy Ross Or., Santa Cla,a, CA 
96054, (40BI 980-9000; Torrence: 690 Knox St., 
Torrance, CA 90502, (2131 217-7010; 
Woodland H.: 21220 Erwin St .• Woodland Hills. 
CA 91367, (8181 704-7759. 

COLORADO: Aurora: 1400 S. Potomac Ave •• 
Suite 101, Aurora, CO 80012. (3031 368-8000. 

CONNECTICUT: W"'ngford: 9 Barnes Industrial Park 
Rd., Barnes Industrial Park, Wallingford. 
CT 06492. (2031 26Q..OO74. 

FLORIDA: Altamonte Springs: 370 S. North Lake Blvd, 
Altamonte Springs, FL 32701, (305) 260-2116; 
Ft. Lauderdale: 2950 N.W. 6200 St., 
Ft. Lauderdele, FL 33309, (305) 973-8502; 
Tampa: 4803 George Rd., Suite 390, 
Tam~a, FL 33634, (813) 886-7411. 

GEORGIA: Norcrou: 5515 Spalding Drive, Norcross, 
GA 30092. 1404) 662·7900 

~~c:: ~:=~nl~'~, ~~~ 2'f6:~2~~~~' 
INDIANA: Ft. Wayne: 2020 Inwood Dr., 
Ft. Wayne, IN 46815,12191424-6174; 
Cermel: 560 Congresstonal Dr., Carmel, IN 46032, 
1317) 573-~. 

IOWA: c.ctar RllpIcII: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids, IA 52402, 1319) 395-9550. 

~:a~~::::-~rk':K'S ~:~~ o7i~~\} :~~4~;g,~n 
MARYLAND: ColumbIa: 8815 Centre Park Or., 
Columbia MD 21045, (301) 964-2003. 

MASSACHUSETTS: W.athem: 950 Winter St., 
Waltham, MA 02154, (617) 895-9100. 

MICHIGAN: Farmington "s: 33737 W. 12 Mile Rd., 

~::.nR:~~:I~~~ ~:'~~d lel~ 5~.3S~:~9. 
Grand Rapids, MI 49506, 1616) 957-4200. 

MINNESOTA: Eden PrIll .... : 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: St. Lou .. : 11816 Borman Drive, 
St. Louis, MO 63146, (314) 569-7600. 

~=w~~!!~~:~I!~~~ 'tl:8~1~~) ~sg!'i060. 
NEW MEXICO: AlMlquerque: 2820-0 Broadbent Pkwy 
NE, Albuquerque, NM 87107, (1505) 345-2555. 

NEW YORK: hat SyreCLIH: 6365 Collamer Or., 
East Syracuse. NY 13057, (315) 463-9291; 
MeMIIe: 1895 Walt Whitman Rd., P.O. Box 2936, 
Melville, NY 11747.(516) 454-6600; 
PIttsford: 2851 CtoYet St., Pittsford, NY 14534, 
(716) 385-6770; 
Poughkeepalft: 385 South Rd., Poughkeepsie, 
NY 12601, 19141473-2900. 

NORTH CAROUNA: Chlirlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210. (704) 

~~~~~,3~b ~,~, ~:~:) ~~~~~~~ Blvd., Suite 100, 

nHIO: Beachwood: 23775 Commerce Pal1t Rd., 
~l!>iIt.'mood, OH 44122, 1216) 464-6100; 
duven:. .... k: 4200 Colmel Glenn Hwy., 
Beavercraek, OH 45431, (513) 427-6200. 

OREGON: a..v.rton: 6700 SW 106th St •• Suite 110, 
Beaverton, OR 97005, (503) 643-6768. 

PENNSYLVANIA: Blue a.n: 670 Sentry Pkwy, 
Blue 8ell, PA 19422, (2151825-9500. 

PUERTO RICO: Hato Ray: Mercantll Plaza 8ldg., 
Suite 505. Hato Rev, PR 00918, (809) 753--8700. 

TENNESSEE: Jahnaon CIty: Erwin Hwy, 
P.O. Drawer 1255, Johnson City, TN 37605 
(616) 461-2192. 

TEXAS: AustIn: 12501 Research Blvd., Austin, TX 
78759,15121250-7655; Richardson: 1001 E. 
Campbell Rct, Richardson, TX 75081, 
1214)680-5082; Houeton: 9100 Southwest Frwy., 
Suite 250. Houston, TX 77074, 17131 178-6692; 
s.. Antonio: 1000 Central Parkway South, 
San Antonio. TX 78232. 1512) 496-1779. 

UTAH: Murray: 5201 South Green St., Suite 200, 
Murray. UT 84123.18011 266-8972. 

WASHINGTON: Redmond: 5010 148th NE, 81dg 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. 
1613) 726-1970. Rtchmond Hm: 280 Centre St. E .. 
Richmond Hill L4C1B1. Ontario, Canada 
(416) 884-91 B 1; St. Laurent: Ville St. Laurent 
Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4S1R7, 15141336-1860. 

ARGENTINA: Texas Instruments Argentina Viamonte 
~!~~j4~~;:9iapita' Federal. Buenos Aires. Argentina. 

AUSTRALIA (. NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
ISydney). New South Wales, Australia 2113, 
2 + 887-1122.; 5th Floor. 418 St. Kilda Road. 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Phffip Highway, Elizabeth. South Australia 5112, 
8 + 255-2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
~:3:~:E:~~b6. Bl16, A-2346 8runniGebirge, 

BELGIUM: Texas Instruments N.V. Belgium S.A.: 11, 
~~n~:2~~1~0~detlaan 11, 1140 Brussels. Belgium, 

BRAZIL: Texas Instruments Eiectronicos do 8rasil 
Ltda.: Rua Pees Leme, 524-7 And., Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments AlS, Mairelundvej 46E, 
2730 Herlev, Denmark, 2 - 91 7400. 

FINLAND: Texas Instruments Finland OY: 
Ahertajantie 3. P.O. Box 81, ESPOO, Finland. (90) 
Q-461-422. 

FRANCE: Texas Instruments France: Paris Office. BP 
678-10 Avenue Morane-Saulnier, 78141 Velizy­
Villacoublay cedex (1) 30 70 1003. 

GERMANY (Fed. Republc of Gennenvl: Texas 
Instruments Deutschland GmbH: Haggertystrasse " 
8050 Freising, 8181 +80-4691; Kurfuerstendamm 
195/198, 1 qoo Berlin 15, 30 + 882-7365; III, Hagen 
43/Klbbelstrasse •• 19, 4300 Essen, 201-24250; 
Kirchhorsterstrasse 2. 3000 Hannover 51, 
511 +848021; Maybachsuabe 1" 7302 Ostfildern 
2-NeUngen, 711 +34030. 
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HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Ctr., 7 Canton Rd .• Kowloon, 
Hong Kong. (B52) 3-7351223. 

IRELAND: Texas Instruments (lretand) limited: 
7/8 Harcourt Street, Stillorgan. County Du~in, Eire, 
t 781877. 

ITALY: Texas Instruments Italia S.p.A. Divisione 
Semiconduttori: Viale Europa. 40. 20093 Cologna 
Monzese IMllanol, f02) 253001; Via Castello della 
Magliana, 38, 00148 Roma, (06) 5222651; 
Via Amendola. 17, 40100 Bologna, (051) 554004. 

JAPAN: Tokyo Marleeting/Sales iHeadquarters): 
Texas Instruments Japan Ltd., MS Shibaura Bldg., 9F, 
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan, 
03-769-8700. Texas Instruments Japan Ltd.: Nissha­
Iwai Bldg. 5F. 30 Imabashi 3-chome, Higashi-ku, 
Osaka 641. Japan. 06-294-1881; DiNni 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 8ldg. 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, 
0263-33-1060; Yokohama Nishiguchi KN Bldg. 6F, 
2-8-4 Kita-Saiwai-cho, Nishi-ku, Yokohama 220, 
045-322-6741; Nihon Seimei Kyoto Yasaka Bldg. 5F, 
843-2 Higashi Shiokohjidorl, Nishinotoh-in Higsshi-iru, 
Shiokouji, Shimogyo-ku, Kyoto 600, 075-341-7713; 
2597-1, Az:a Harudai, Oaz:a Yasaka, Kitsuki 873, Oita­
ken, 09786-3-3211; Miho Plant. 2350 Kihara Miho­
mura, Inashiki-gun 300-04. Ibaragi-ken, 
0298-85-2541. 

KOREA: Texas Instruments Korea Ltd .• 28th FI., Trade 
Tower, 1159. Samsung-Dong, Kangnam-ku, Seoul, 
Korea 2+551-2810. 

MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes-115, Col. Hipoclromo Condesa, Mexico, D.F., 
Mexico 06120. 525/525·3860. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. 80x 26335, 
Manama 8ahrain, Arabian Gulf, 973+274681. 

NETHERlANDS: Texas Instruments Holland a.v., 
19 Hogehilweg. 1100 AZ Amsterdam-Zuidoost, 
Holland 20+5602911. 

NORWAY: Texas Instruments Norway AlS: PB10S, 
Refstad 0585, OsJo 5, Norway, (2) 155090. 

PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office. 7-05 Citic 
Bldg., 19 Jianguomenwai Dalle, 8eijing, China, (861) 
5002255, Ext. 3750. 

PHILIPPINES: Texas instruments Asia Ltd.: 14th Floor, 
Sa- Lepanto Bldg., Paseo de Roxas. Makati, Metro 
Manila, Philippines. 817-60-31. 

PORTUGAL: Texas Instruments Equipamento 
Electronico IPortugal), Lda.: Rua Eng. Frederico Ulrich, 
2650 Moreira Da Maia, 4470 Mala, Portugal, 
2-948-1003. 

SINGAPORE 1 + INDIA. INDONESIA, MALAYSIA. 
THAILAND.: Texas Instruments Singapore IPTE) Ltd., 
Asia Pacific Division. 101 Thompson Rd. 123-01, 
United Square, Singapore 1130, 350-8100. 

SPAIN: Texas Instruments Espana. S.A.: C/Jose 
Lazaro Galdiano No.6. Madrid 28036. 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation ISverigefilialen): S-' 64-93, Stockholm. 
Sweden, 8 - 752-5800. 

SWITZERLAND: Texas Instruments. Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland. 
1-740 2220. 

TAIWAN: Texas Instruments Supply Co .. 9th Floor 
Bank Tower. 205 Tun Hwa N. Rd .. Taipei. Taiwan, 
Republic of China, 2 + 713·9311. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
270111. 
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