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under any patent right, copyright, or other intellectual property right
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which such semiconductor devices might be or are used.

Specifications contained in this data book supersede all data for these
products published by Tl in the United States before September 1986.
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INTRODUCTION

Texas Instruments offers a broad line of Interface and Speech Products serving analog signal
conditioning/processing and interface applications that may require higher currents and/or higher voltages than
can be achieved with conventional digital devices.

TI's Interface circuits represent technologies from classic bipolar through BIDFET, Advanced Low-Power Schottky
(ALS), IMPACT™, LinCMOS™, and ADVANCED LinCMOS™ processes. The ALS and IMPACT™ oxide-isolated
technologies provide the Interface family with improved speed-power characteristics. LInCMOS™ and ADVANCED
LiInCMOS™ technologies feature a step-function improvement in impedance, speed, power dissipation, and
threshold stability.

TI's Interface products include such devices as data transmission circuits that tie computers and their associated
peripherals together according to a set of industry (EIA) standards that prescribe line length, data rates, and
propagation delays, among other things. With the recent growth of the flat panel display market, Tl’s high-
voltage display drivers are providing cost-effective and reliable solutions to the AC-plasma, vacuum-fluorescent,
and electroluminescent display markets. Analog-to-digital and digital-to-analog converters are offered as peripheral
support chips in microprocessor-based systems and DSP (digital signal processing) related analog interfaces.
Tl's line of high-current motor/printhead and MOSFET drivers combine logic control and high current-drive
capability on one IC.

During the last decade, Tl has produced a wide range of speech-generating devices based on the technique
of pitch-excited linear predictive coding (LPC). This technique extracts data from original recorded speech to
define the control parameters for a mathematical model of the vocal tract. The speech generated from this model
retains all the inflection and voice characteristics of the original spoken phrase while minimizing digitized data
storage requirements; and it does not exhibit the robotic quality often associated with synthesis-by-rule systems.

This data book provides information on the following types of products:

Analog Switches

High-Current Actuators and Peripheral Drivers
Switched-Capacitor General Purpose Filters

A/D and D/A Converters

High-Voltage Display Drivers

IBM 360/370 1/O Line Drivers

IEEE-488 (GPIB) Octal Bus Transceivers
RS-422-A Line Drivers

RS-422-A, RS-423-A, and RS-485 Line Receivers
LPC10 and LPC12 Voice Synthesis Functions on a Chip
One-Chip Speech System

Auxiliary Speech Memories

These products cover the dynamic development of linear circuits from the classical operational amplifier to the
high-performance A/D and D/A converters and speech-generating devices. New surface-mount packages (8
to 84 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.

The Selection Guide includes a functional description of each product, and to assist the design engineer, the
Guide is organized into sections containing information on key parameters and packaging. Ordering information
and mechanical data are in Appendix B.

IMPACT™, LinCMOS™, and ADVANCED LinCMOS™ are trademarks of Texas Instruments Incorporated.




During the last decade, Tl has produced one of the largest IC socket families. TI's sockets include every type
and size socket in common use today and are available in a wide choice of contact materials and designs. Details
on Tl'’s sockets are presented in Appendix B.

While this volume offers design and specification data only for Interface and Speech components, complete
technical data for any Tl semiconductor product is available from your nearest Tl Field Sales Office, local
~authorized T distributor, or by writing directly to:

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

DALLAS, TEXAS 75380-9066

We sincerely feel that you will discover the new 1987 Interface Circuits Data Book to be a significant addition
to your collection of technical literature.

vi
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SELECTION GUIDE
DATA ACQUISITION CIRCUITS

Single-Slope and Dual-Slope A/D Converters

D/A Converters (5 to 15 Volts)

CONVERSION
RESOLUTION FUNCTION TYPE PACKAGE | PAGE
SPEED (ms)
4 1/2 Bits Dual-Slope Analog TL500 2-71
8-10 Bits Processors TL501 2-71
Digital Processors
4 1/2 Digits 80 with Seven-Segment | TL502 2-71
Outputs
Digital P
4172 Digits 'gital Processors = 4 503 2-71
with BCD Outputs
10-Bits 50 Dual-Slope Analog TL505 2-85
Pulse-Width
. Modulator for
7-Bits 1 X TL507 2-91
Single-Slope
Converter
- Dual-Slope ADC .
4 1/2 Digits 34 i TLC7135 2-221
with BCD Output
Dual-Si ADC
3 1/2 Digits 333 vasiope A TLC7136 2-233
with LCD Drivers
RESOLUTION FUNCTION TYPE SETTLING TIME PACKAGE | PAGE
8 Bits Single Multiplying DAC TLC7524 100 D.N 2-243
ns
8 Bits Dual Multiplying DAC TLC7528 N 2-251
10 Bits Single Multiplying DAC TLC7533 150 ns 2-263

*ip
INSTRUMENTS
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SELECTION GUIDE

1 DATA ACQUISITION CIRCUITS
g’ Successive-Approximation A/D Converters
: ~
2 AD:I::SSS CONVERSION SIGNAL INPUTS um:z‘:::‘lTED RESOLUTION POWER
2_ DATA 1/0 SPEED? ANALOG | ANALOG (MAX) TYPE BITS DISSIPATION | PACKAGE| PAGE
E FORMAT tus) DEDICATED| DIGITAL} +LSB (Typ)
o 0.5 ADC0803 2-9
§ 18 o 10 ADC0804 N 2-15
D ) ADC0805 10 mW 2-9
3- 100 0.75 ADCO808 FN,N 2-21
=] 0.75 ADC0808M FK,JD 2-29
8 1.256 ADC0809 s 2-21
0.75 TLO808 FN,N 2-57
1.26 | L0809 05 mW 2-57
PARALLEL
1 3 1.0 TLCO820A 35 mw FN,N 2113
TLCO820B FK,J
15 0.5 TLC532A 2-139
30 ® 5 TLC533A 6 mw PN 739
1.0 TLC1205A 2-181
0.5 TLC12058 . . 2-181
10 18 0 o TicToEA] 12 Plus Sion| 25 mw N.J PRTY
0.5 TLC12258B 2-181
18 1.0 ADCO831A 2-37
0.5 ADC0831B P 2-37
28 1.0 ADCO832A 2-37
0.5 ADC0832B 2-37
84 a8 1.0 ADCOB34A 10 mw N 245
0.5 ADCO08348B 2-45
8 1.0 ADCO838A 2-45
ADC0838B EN.N 2-45
13 1 TLC540 2-149
SERIAL 25 0o TLC541 8 2-148
22 5 TLC543 DN 2-1567
25 0.5 TLC544 2-157
13 TLC545 2-165
19 FN,N
25 TLC546 6 mwW 2-165
22 1 TLC548 D.P 2-173
25 TLC549 ’ 2-173
31 TLC1540 2-197
31 " 1.0 TLC1541 10 FNN 2-197
52 21 # TLC32040 14 200 mW N 2-271
TIncludes access time.
tAnak:g/c_iigital 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.
8 Differential Input.
4 The TLC32040 has two differential inputs for the 14 bit A/D and a serial port input for the 14 bit D/A.
#The A/D conversion accuracy for this device is measured in terms of signal-to-quantization distortion and also in LSB over certain converter
ranges. Please refer to the data sheet.
i
1-8 b
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SELECTION GUIDE
DATA ACQUISITION CIRCUITS

Analog Switches and Multiplexers

TYPICAL VOLTAGE POWER
FUNCTION IMPEDANCE RANGE SUPPLIES TYPE PACKAGE PAGE
(OHM) (V) (V)
1 TL1 2-65
TWIN SPDT 00 L182 6
150 +10 +15 TL185 N 2-65
DUAL SPST 100 - - TL188 2-65
TWIN DUAL SPST 150 TL191 2-65
SPDT 100 TL601 2-97
DUAL SPDT 17 t0 +25 +25 TL604 p 2-97
SPST WITH ENABLE 100 ° - TL6O7 2-97
SPST WITH LOG|C INPUTS 80 TL610 2-97
QUAD BILATERAL 50 -
21012 12 TLC4016 N,D,J 2-205
ANALOG SWITCH 30 TLC4066 2-213
Switched-Capacitor Filter ICs
POWER
FILTER
FUNCTION SUPPLIES TYPE PACKAGE PAGE
ORDER
(V)
TLC10 2-123
DUAL FILTER, GENERAL PURPOSE 2 +4 to =5 FN,N
TLC20 2-123
TLCO4 2-103
LOW PASS, BUTTERWORTH 4 +251t0 +6 D.P
TLC14 2-103
T i
EXAS
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

—

General Information



SELECTION GUIDE
DISPLAY DRIVERS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

. Q Electroluminescent Display Drivers
3 .
g DESCRIPT P[;:VP':(SG ¢ OMTAP:: ;ILITY :Sr:': PRODUCT FEATURES TYPE PKG | PAGE
: ® 225-V open-drain DMOS outputs SN55551 FD 3-79
a‘ ® Serial-in, parallel-out architecture SN65551 enn | 387
e ® 50-mA current sink output capability SN75551 !
5 ® Extremely low steady state power
E)’ consumption SN55552 FD 3-79
a’ o Left side (SNXX551) and right side
= 32 (?NX~X552) drivers enhance SN65552 PN | 387
Vee circuit layout SN75552
ROW (logic) | ® Monolithic BIDFET integrated circuits SNE6557
DRIVER cMOS = 10.8 V| @ Very low .steadv-state power SN75567 3-117
t0 15V consumption
® 300-mA output capability SN65558 3117
o High-voltage open-collector N-P-N outputs SN75558 EN
® 225-V totem-pole BIDFET output structures SN65563
® 70-mA output capability ) SN75563 3-133
34 ® Very low steady-state power consumption
® 3-State capabilities ‘ SN65564 3133
@ Selectable Open-Source or Open-Drain output| SN75564
® 60-V totem-pole BIDFET output structures 2:2:2:2 FD 395
® Serial-in, parallel-out architecture SN75553 FN,N | 3-101
® 15-mA sink or source output capability SN55554 ) 395
® Top (SNXX553) and bottom (SNXX554}) SN65554
drivers enhance circuit layout ) SN75554 3-101
® 90-V output voltage swing f:apabnlny SNE5555
VCQ] L] 15-m/'\'output source and sink current SN75555 3-109
(logic) car:uabshty ENLN
= 10.8 V| @ High-speed serially-shifted data input
to15V |e Tosiem?pole outpqu g SN-65556 3-109
i SN75556
COLUMN ® Latches on all driver outputs
DRIVERS 32 Ccmos ® Energy recovery system compatibie
® 80-V totem-pole BIDFET output structures SN65559 FnN | 3128
® Serial-in, parallel-out architecture SN75559
® 15-mA sink or source output capability
. To.p (SNXX559) a.nd Pottom (SNXX560) SN65560 FNN | 3-125
drivers enhance circuit layout SN75560
® Energy recovery sys;em com-patlble SN65567
® 4.5-V to 5.5-V Vg1 operation at 5§ MHz 3-141
veer ) - ) SN75567
flogic) ® Two Parallel high-speed 16-bit shift registers
a5V ® 60-V totem-pole BIDFET output structures FN
10 5.5V ® 15-mA sink or source output capability SN65568 3.141
® Top (SNXX567) and bottom (SNXX568) SN75568
drivers enhance circuit layout
Texas W
1-10 EXAS
INSTRUMENTS




SELECTION GUIDE
DISPLAY DRIVERS

c
LED Display Drivers i~
-
]
DRVRS INPUT POWER
DESCRIPT PRODUCT FEATURES TYPE PKG | PAGE
PER PKG | COMPATIBILITY SUPPLY g
SEGMENT 0V - , SN75481 R
DRIVERS 4 20V ® 5O-mA source/sink capability SN75491A 3-7 E
10V SN75492 —
MOS 250-mA si apabili -7
DIGIT . 5oV ® 250-mA sink capability SNIEA0oA N 3 g
DRIVERS Variable from | e 2§OAmA sink.capabilit.yb SN75494 315 g
3.2 Vto 8.8 V | @ Display blanking provisions
Q
Vacuum Fluorescent Display Drivers
DRVRS INPUT POWER
DESCRIPT PRODUCT FEATURES TYPE PKG | PAGE
PER PKG | COMPATIBILITY SUPPLY
Veeq (logic) ® Serial-in, paiallel-out architecture
=5V 1015V | e 60-V totem-pole outputs SN65512B owWN| 3-53
Ve (display) | @ 25-mA current source output capability| SN755128B '
= 0V to 60V |e On-board latches
TTL -
Vce (logic)
=5Vto15V, All features same as SN65512B except| SN655138 own! 3-89
12 Vce2. (display) | @ Shift register reset replaces latches SN765138 '
=0V to60V
Ve (logic)
=5Vt 15V,
° All features same as SN655128B except
ANODE, CmMOS Vcea. Vees. SN75514 | DW,N| 3-65
- ® 125-V totem-pole output
GRID (display) = OV
DRIVERS t0 60 V
SEGMENT Vce (logici
R DOT =5Vt 15V, 1l f N655128 t| SN65518
Ol O 32 CMOS, TTL 5 [0_ 5 A éatures same as S . excep FNN | 371
MATRIX Vce2. (display) | @ 32 bits for large format displays SN75518
FORMATS =0Vto60V
Ve (logic) @ Serial-in, parallel-out architecture -
=5V1to 15V | e 60-V totem-pol tput
10 cMmos, TTL 1o otem-pole outputs | ucnagioa| N | 3183
Vccz2 (display) | @ 40-mA current source output capability
= 0V to 60V |e Second source to Sprague UCN-4810A
® Serial-in, parallel-out architecture
0 : ig'V;otem-pole e tput bilit TL48108 DW,N!| 3-171
- rent a f -
veer (logio) m curven source output capability | o0 o)
cMos - BV1o15V ® Improved direct replacement for
RPN UCN4810A and TL4810A
Vg2 (display) - —
=0V io 60V ® 70-V output voltage swing capability
20 ® Drives up to 20 lines TL5812 ENN | 3177
e Direct replacement for Sprague TL58121
UCN5812A
Ti .
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SELECTION GUIDE

DISPLAY DRIVERS

INSTRUMENTS

POST OFFICE BOX 655012 + DALLAS, TEXAS 75265

g) DC Plasma Display Drivers
3 DRVRS INPUT POWER
] DESCRIPT PRODUCT FEATURES TYPE PKG | PAGE
; PER PKG | COMPATIBILITY SUPPLY
— ® 180-V open drain parallel output
.3- ROW . ® 220-mA parallel output sink current
Vv I SN751506
o | DRivERs ce lodidd | o | oft side (SN751506) and right side 3-153
- =4VtoBV R o SN751516
3 (SN751516) drivers enhance circuit
o layout
(=3 ® —120-V open collector P-N-P parallel
g 32 CMOS outputs FT
. ® Two parallel high-speed 16-bit
Ve (llogic) 5 .
COLUMN 45V t shift registers SN751508 3.161
= 4. o -
DRIVERS 6.5V ® Latches on all driver outputs SN751518
. ® Top (SN751508) and bottom
(SN751518) drivers enhance circuit
layout
Vec+ =45V
ANODE to 5.5V ® Serial-in, parallel-out architecture
DRIVERS 7 TTL Vee- = .® 100-V output capability SN75581 J.N 3-149
-10.8 V to @ Alternative driver for VF
-13.2V
AC Plasma Display Drivers
DRVRS INPUT POWER
DESCRIPT PRODUCT FEATURES TYPE PKG | PAG
PER PKG | COMPATIBILITY SUPPLY £
e Ind dent addressi f each gat
epe'n ent addressing 0, eaf: gate SN554268
) for serial and parallel applications
Vce (logic) L . f
~ 10V to 14 V o High input impedance 1 MQ typically
4 . ® 30-mA integral clamp diodes on outputs J 3-3
Ve (display) . .
~ 40V to 90 ® Switches 70 V in 1.2 ys SN554278B
- ® 3-input AND function (SN55426B)
NAND function (SN55427B)
32 (8-bits ® High- d serial-in, llel-out
? ig 'spee serial-in, parallel-ou SN58600E | FD,UD | 317
with 1 i architecture (MHz)
Ve (logic) .
of 4 - 108V ® Fast output transitions (< 150 ns) SN65500E enn | 3-23
selectors) © 13'2 v ® 25-mA output current capability SN75500E !
AXIS cMOS v .(d‘ o) ® X-axis driver (SNXX500) SNB5501E FD 3-29
ispla -
DRIVERS —ngv i ?og || @ Y-axis driver (SNXX501) JD
- ® Military temperature packages available| SN65501E enn | 335
32 (SN55500, SN55501) SN75501E !
32 x 1 Vee (logic)
=765V SNB5508
10 9.35 V SN7E508 3-41
Vce2 (display) | @ High-speed serial-in, parallel-out
- =Veeq to 90 V| @ X-axis driver (SNCC508) FN
32 (8 bits Vee (logich ® Y-axis driver (SNXX508)
plus 2 =8V ito 11.4 V| SN65509 3.47
select Ve (display) SN75509
bits) =Vce to 90 V]
Texas W
1-12 EXAS




SELECTION GUIDE

LINE DRIVERS AND RECEIVERS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

. . c
Line Drivers =}
.g
DRIVE| DEVICE P
APPLICATION OUTPUT RS Evic PKG AGE £
PER PACKAGE TYPE NUMBER £
SN551 J (=]
56158 G 4-261 -
) SN75158 D,JG,P £
SN75159 D,J.N 4269 -
GA9638 D,JG,P 4535 [
AM26LS31 D.FK.JN| 45 2
MC3487 D.JN 453 o
EIA STANDARD RS-422-A DIFFERENTIAL SN75151 DW.J.N a2t O
SN75153 JN
4 SN75172 JN 4319
SN75174 JN 4-335
SNBBALS192 JFK
4-481
SN75ALS192 D,J.N
SN75ALS194 D.JN 2501
EIA STANDARD RS-485 DIFFERENTIAL 4 SN75172 N 4319
: SN75174 JN 4-335
EIA STANDARD RS-423-A SINGLE-ENDED 2 UA9636A D,JG.P 4523
SN55150 JG,FK
. 2 SN75150 D,JG,P 4-208
EIA STANDARD RS-232-C SINGLE-ENDED UA9636A D,JG,P 4523
SN55188 J,FK
4-391
4 SN75188 D,J 39
2 SN75123 D,JN 4153
IBM 360/370 SINGLE-ENDED . SN75ALS126 D.JN 4413
SN75ALS130 D,JN 2419
GENERAL PURPOSE SINGLE-ENDED 2 SNS8121 FK.J 4143
SN75121 D,JN
MC3453 D.J,N 243
SN55109A FK,J
SN75 .
109A D,JN a9
SN55110A FK,J
SN75110A D,JN
SN75111 D.JN 4-97
GENERAL PURPOSE DIFFERENTIAL 2 SN75112 D.JN 2-89
SN55113 FK,J 101
SN75113 D,J.N
SN55114 FK,J S
SN75114 DN
SN55183 FK,J 4385
SN75183 D,JN
Texas W
l 1-13
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SELECTION GUIDE

LINE DRIVERS AND RECEIVERS

Q Line Receivers
3
RECEIVERS DEVICE PAGE
@ APPLICATION OUTPUT PKG
s PER PACKAGE TYPE NUMBER
- SN75146 D,JG,P 4-199
3 SN55157 JG
4-255
o 2 SN75157 D.JG,P
§ ' UA9637A D,JG,P 4-529
® uA9639 D,JG,P 4-539
g. EIA STANDARD RS-422-A DIFFERENTIAL 4 AM26LS32A D.FKJN| 413
3 MC3486 D,JN 4-47
R SN75173 D,J.N 4-327
SN75175 D,JN 4-343
SN75ALS193 J 4-489
SN75ALS195 J 4511
SN75173 D.JN 4-327
EIA STANDARD RS-485 DIFFERENTIAL 4 3
SN75175 D,JN 4-343
SN75146 D,JG,P 4-199
) SN75167 D,JG.P 4-255
UA9637A D,JG,P 4-529
uA9639 D,JG,P 4-539
AM26LS32A DFKJN| 413
EIA STANDARD RS-423-A INGLE-ENDED
s R5-423 SINGLE-END MC3486 D,JN 447
“ SN75173 D,JN 4-327
: SN75175 D,JN 4-343
SN75ALS193 J 4-489
SN75ALS195 J 4-511
1 FK
5 SN55152 JFi 4223
SN75152 D.JN
154 JFK
2:32154 JD JN 4-237
EIA STANDARD RS-232-C SINGLE-ENDED —
“ SN55189 J,FK
. 75189 D,JN
SN78 4-397
SN55189A J,FK
SN75189A D,JN
3 SN75124 D,JN 4157
: SN75125
7 DN 4-163
IBM 360/370 SINGLE-ENDED SN75127
SN75128
8 DW,J,N 4-169
SN75129
SN55122 FK,J 4147
SN75122 D,J.N
GENERAL PURPOSE SINGLE-ENDED 2
SN75140 D,JG.P
4191
SN75141 D,JG,P
Texas ‘t'?
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SELECTION GUIDE
LINE DRIVERS AND RECEIVERS

Line Receivers (Continued) 5
L o
APPLICATION OUTPUT PERRE i‘:’:x:i; DfXLiE PKG Nz;c:sa g
.
SN55107A FK,J o
SN75107A D,J.N £
SN551078 FK,J —
SN751078 D.J.N . g
SN55108A FK,J c
SN75108A D,J.N [
SN55108B FK,J o
SN75108B D,J.N
2 SN55115 FK,J 4121
GENERAL PURPOSE DIFFERENTIAL SN75115 D,J.N
SN55182 FK,J 4377
SN75182 D,J,N
SN75207 D,J.N
SN752078 D,J.N 2.405
SN75208 D.J.N
SN75208B D,J.N
AM26LS33A D,FK,J,N 413
4 MC3450 D,J.N 4-35
MC3452 D,J.N 4-35
s
XAS 1-15
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SELECTION GUIDE

LINE DRIVERS AND RECEIVERS

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

Q Line Transceivers
S
§ APPLICATION BUS 1/0 LZ‘,;N::;'(‘,I\E:: D:;’;? PKG NZ:;ZR
= EIA STANDARD RS-232-C SINGLE-ENDED 1 SN75155 D,JG.P 4-245
5 SN65176B D.JG,P
= 4-351
) EIA STANDARD RS-422-A SN751768 D,JG,P
§ AND DIFFERENTIAL 1 SN751778 D,JG.P 2361
® EIA STANDARD RS-485 SN75178B D.JG,P
"5’- SN751798 D.JG,P 4371
3 7 MC3446 D,JN 4-31
SN751608 DW,J.N 2281
SN75ALS160 DW,J.N 2-425
SN75161B DW,J.N 4-289
SN75ALS161 DW,JN 4-435
EIA STANDARD 488 GPIB SINGLE-ENDED . NST63E WA FErT)
SN75ALS162 DW,N 2443
SN75164B DW.N 4-309
SN75ALS164 DW,N 4-461
SN75ALS165 DW,J.N 4471
IEEE 802.3 1BASES DIFFERENTIAL 7 SN75061 DW,J,N 263
AM26510C D.JN 4-23
AM26511C D,JN 223
. N8T26 D,JN 457
SN75136 D,JN 4175
SINGLE-ENDED Nee 136 o -
SN75138 D,JN
. SN751638 DW,J.N 4-301
SN75ALS163 DW,J.N 4453
GENERAL PURPOSE NeeTTe o
SN75116 D.JN
SN55117 FK,JG
' SN75117 D,JG P
DIFFERENTIAL 1 SN55118 TFK 4-131
SN75118 D,JN
SN55119 FK,JG
SN75119 D.JG,P
Texas {'P
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SELECTION GUIDE
PERIPHERAL DRIVERS/ACTUATORS

General Purpose Drivers and Actuators 5

-

SWITCHING S?‘Z:E OUTPUT | DRIVERS | OUTPUT INPUT DTIE"I;,IAEY g

VOLTAGE CURRENT|{ PER CLAMP FUNCTION TYPE | PKG | PAGE =

VOLTAGE CAPABILITY TYP (=]

MAX (V) (mA) |PACKAGE| DIODES -

MAX (V) (ns) [=

20 30 300 2 NO [TTL AND 20 [sN55450B[FK,J [5-81 -

20 30 300 2 NO [ TTL AND 18 |SN554518B|FK,JG[5-81 ©

20 30 300 2 NO [TTL NAND 25 |SN55452B|FK,JG| 5-81 ‘1:’

20 30 300 2 NO [TTL OR 18 |SN55453B|FK,JG| 5-81 [

20 30 300 2 NO | TTL NOR 26 |SN55454B|FK,JG|5-81 V)
20 30 300 2 NO |TTL AND 18 |SN754518|D,P |5-81
20 30 300 2 NO |TTL NAND 25 [SN75452B|D,P |5-81
20 30 300 2 NO |TTL OR 18 |SN75453B|D,P |5-81
20 30 300 2 NO | TTL NOR 26 |SN75454B[D,P [5-81
24 24 500 2 YES |TTL MOS DRIVER 35 [SN76372 [DP [5-33
24 24 500 4 YES |[TTL MOS DRIVER 35 [SN75374 |[DN [5-33
30 35 300 2 NO [TTL AND 28 [SN55461 [FK,JG|5-93
30 35 300 2 NO |TTL NAND 38 |SN55462 |FK,JG[5-93
30 35 300 2 NO |TTL OR 28 |SN55463 [FK,JG|5-93
30 35 300 2 NO |TTL NOR 35 {SN55464 |FK,JG|5-93
30 35 300 2 NO | TTL AND 28 |SN75461 |D,P [5-93
30 35 300 2 NO | TTL NAND 38 [SN75462 [DP |[5-93
30 35 300 2 NO |TTL OR 28 [SN75463 |D,P [5-93
35 70 500 4 YES | TTL,CMOS INVERT W ENAB | 1050 [SN75437A[NE  |5-63
35 70 600 4 YES | TTL.CMOS INVERT W ENAB| 750 |SN75435 |NE [5-57
35 70 600 4 YES |CMOS,MOS,TTL |BUFFER W ENAB| 1450 |SN75440 |NE [5-69
35 70 1000 4 YES | TTL,CMOS INVERT W ENAB | 1050 |SN75438 |NE [5-63
35 50 1250 4 YES |TTL INVERT 500 |SN75064 |NE [5-23
35 50 1250 4 YES [MOS INVERT 500 |SN75066 |NE |5-23
35 50 1250 4 YES |[TTL,5 V MOS INVERT 500 |SN75068 |NE [5-29
35 50 1500 4 NO |TTL5V MOS INVERT 500 |UDN2841 {NE |5-169
35 50 1500 4 NO |TTL5V MOS INVERT 500 [UDN2845 {NE |5-169
35 50 1250 4 YES |TTL INVERT 500 |ULN2064 |NE |5-181
35 50 1250 4 YES |MOS INVERT 500 |ULN2066 |NE |5-181
35 50 1250 4 YES |TTL,CMOS INVERT 500 |ULN2068 |NE |5-187
35 50 1250 4 NO | TTL,CMOS INVERT 500 |ULN2074 {NE [5-193
55 70 350 2 YES | TTL,CMOS AND 300 |SN75446 |D,P |5-75
55 70 350 2 YES | TTL.CMOS NAND 300 |SN75447 |D,P [5-75
55 70 350 2 YES |TTL,CMOS OR 300 |SN75448 |D,P [5-75
55 70 350 2 YES® | TTL,CMOS NOR 300 |SN75449 |D,P [5-75
50 70 500 2 YES |TTL.CMOS NAND 500 |SN75407 [D,P |5-53
50 70 500 2 YES | TTL,CMOS OR 500 |SN75408 [D,P |5-53
50 70 500 4 YES | TTL,CMOS INVERT W ENAB | 1050 |SN75436 [NE [5-63
50 50 350 7 YES | TTL,CMOS,PMOS|INVERT 250 |ULN2001A|D,N |5-173
50 50 350 7 YES |25V PMOS INVERT 250 |ULN2002A|D,N [5-173
50 50 350 7 YES |TTL,CMOS INVERT 250 |ULN2003A|D,N [5-173
50 50 350 7 YES |15V MOS INVERT 250 |ULN2004A(D,N {5-173
50 50 350 7 YES |TTL INVERT 250 |ULN2005A|D,N [5-173

Texas W
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SELECTION GUIDE
PERIPHERAL DRIVERS/ACTUATORS

General Purpose Drivers and Actuators (Continued)
SWITCHING s::':e OUTPUT | DRIVERS | OUTPUT INPUT D:::EY
VOLTAGE | = qe|CURRENT| PER | ctamp| . _ ' FUNCTION Typ | TYPE |PKG |PAGE
MAX (V) | | (MA)  |PACKAGE| DIODES n8)
50 80 1500 4 YES |TTL INVERT 500 |SN750656 |NE |5-23
50 80 1500 4 YES |MOS INVERT 500 [SN75067 [NE [5-23
50 80 1500 4 YES |TTLEVMOS  |INVERT 500 |SN75069 |NE [5-29
50 80 1500 4 YES |TTL INVERT 500 |ULN2065 NE |[5-181
50 80 1500 4 YES |moOs | INvERT 500 [ULN2067 [NE [5-181
50 80 1500 4 YES |TTL5V MOS |INVERT 500 |ULN2069 [NE [5-187
50 80 1500 4 NO |TTL5V MOS |INVERT 500 |ULN2075 |NE [5-193
55 70 300 2 NO [TTL AND 28 |SN55471 |FK,JG|5-109
55 70 300 2 NO |TTL NAND 38 |SN55472 |FK,JG|5-109
55 70 300 2 NO |TTL OR 28 |SN55473 |FK,JG|5-109
55 70 300 2 NO | TTL NOR 35 |SN65474 |FK,JG|5-109
55 70 300 2 NO | TTL AND 28 |sN75471 |D,p [5-109
55 70 300 2 NO |TTL NAND 38 [SN75472 [D,P {5-109
55 70 300 2 NO |TTL OR 28 [SN75473 {D,P [5-109
55 70 300 2 YES |TTL.CMOS AND 200 |SN75476 |D.P [5-117
55 70 300 2 YES |TTL.CMOS NAND 200 |SN75477 [D,P [5-117
55 70 300 2 YES |TTL.CMOS OR 200 |SN75478 |D,P [5-117
55 70 300 2 YES | TTL.CMOS NOR 200 |SN75479 |D,P [5-117
60 60 100 4 YES |TTL,CMOS,MOS |TELECOM RY DRV| 1000 [DS3680 |D,J,N|5-5
60 100 350 7 YES |TTL INVERT 250 |SN75465 |D,N [5-101
60 100 350 7 YES | TTL,CMOS,PMOS |INVERT 250 |SN75466 {D,N [5-101
60 100 350 7 YES |25V PMOS INVERT 250 |SN75467 {D.N [5-101
60 100 350 7 YES |TTL.CMOS INVERT 250 |SN75468 |D,N [5-101
60 100 350 7 YES |15V MOS INVERT 250 [SN75469 |D,N [5-101
Motor Drivers and Power Actuators
SWITCHING SCT’:FT'E OUTPUT | DRIVERS | OUTPUT INPUT D:::EY ‘
VOLTAGE | = e|CURRENT| PER |CLAMP | L0 FUNCTION Tve | TYPE PKG |PAGE |
MAX (V) | | (mA) | PACKAGE| DIODES ‘ s}
18 18 500 3 NO | TTL,MOS,CMOS| HALF-H DRIVER TL376C |NE 5165
36 36 600 4 YES |TTL HALF-H DRIVER | 600 {L293D NE 513
36 36" 1000 4 NO  [TTL HALF-H DRIVER | 600 [L293 NE 5.9
36 36 1000 4 YES | TTL,CMOS HALF-H DRIVER | 600 |SN754410| NE 5-153
36 36 1000 4 NO | TTL.CMOS HALF-H DRIVER | 600 [SN754411|NE 5-159
40 40 2000 1 YES | TTL.CMOS HALF-H DRIVER SN75603 | KC,KH,KV5-123
40 40 2000 1 YES |TTLCMOS HALF-H DRIVER SN75604 | KC,KH,KV5-123
40 40 2000 1 YES | TTL,CMOS HALF-H DRIVER SN75605 |KC,KH,K\{5-123
46 46 1000 1 YES |TTL STEPPER DRIVER PBL3717 |NE 5-19
46 46 2000 2 NO | TTL FULL-H DRIVER L298 KV 517
60 60 2500 2 YES |TTLCMOS ACTUATOR 800 [SN75608 |KV 5-133
60 60 2500 2 YES |TTLCMOS ACTUATOR 800 |SN75609 | KV 5-143
Texas W
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SELECTION GUIDE
MEMORY INTERFACE CIRCUITS

c
Core-Memory Drivers °
-
MAX OUTPUT tpp DEVICE PAGE ©
| PUT! Pl
CURRENT TYP POWER SUPPLIES OUTPUTS TYPE ke NUMBER §
Vect =58V (<}
4 DUAL RCE, INK N55325 FK,J -45 =
5ns Vee2 = 4.5V to 24 V UAL SOURCE, DUAL S SN55. 6 E
600 mA 40 ns Vee =5V QUADRUPLE SINK SN55326 J 6-55 —
Veet =5V e
35 ns QUADRUPLE SOURCE SN55327 J 6-55 Q
Veg2 = 4.5Vt024V c
V]
tpp — Propagation Delay Time (&)
Core-Memory Sense Amplifiers
THRESHOLD tPD DEVICE PAGE
SENSITIVITY TYP UNITS PER PACKAGE TYPE OF OUTPUT TYPE PKG NUMBER
35 ns 1 RESISTOR SN6520 J 6-3
£16 mV 30 ns 1 OPEN COLL OR RESISTOR SN5522 J 6-15
25 ns 2 RESISTOR SN5524 J 6-25
2 RESISTOR SN55234 J 6-35
SN55236 See
+7 mVv 28 2 TOTEM POLE wcC
m ne EM PO SN75236 Note 1
tpp — Propagation Delay Time
NOTE 1: For additional information, contact your nearest TI field sales office.
MOS-Memory Sense Amplifiers
THRESHOLD tPD DEVICE PAGE
SENSITIVITY ve UNITS PER PACKAGE TYPE OF OUTPUT TYPE PKG NUMBER
SN55107A FK,J 4-73
1
225 my 7ns 2 TOTEM POLE SN75107A | DN | 473
- SN55108A FK,J 4-73
19 ns 2 OPEN COLLECTOR SN75108A DIN 273
+£10 mv 25 ns 2 TOTEM POLE SN75207 D.J.N 4-405
25 ns 2 OPEN COLLECTOR SN75208 D,JN 4-405
tpp — Propagation‘DeIav Time
T {l’ .
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SELECTION GUIDE

POST OFFICE BOX 655012 .« DALLAS, TEXAS 75265

1 SPEECH SYNTHESIS CIRCUITS
g) PROCESS DESCRIPTION PACKAGE DEVICE TYPE PAGE
?D LPC-10 VOICE SYNTHESIZER, 4-BIT CONTROL BUS TSP5110A 7-11
- PMOS LPC-10 VOICE SYNTHESIZER, 8-BIT CONTROL BUS N TSP5220C 7-15
2’_ 128K-BIT ROM FOR TSP5110A AND TSP5220C TSP6100 7-23
5 MICROPROCESSOR, SYNTHESIZER, 64K-BIT ROM N TSP50C40A 7-3
3‘ cMOos 256K-BIT ROM FOR TSP50C4X, TSP50C50 FAMILIES TSP60C20 7-19
. § LPC-12 HIGH-QUALITY VOICE SYNTHESIZER WITH 6-POLE N TSP50CE0 7.7
Q LOW-PASS FILTER
=
[=]
=
"
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DATA ACQUISITION CIRCUITS

CROSS-REFERENCE GUIDE

(manufacturers arranged alphabetically)

CROSS-REFERENCE GUIDE

Replacements were 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. »
-t
Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use S
thereof. No liability is assumed for damages resulting from the use of the information contained in this list. 2
(&]
T T c
oS DIRECT FUNCTIONAL PiSE o
REPLACEMENT REPLACEMENT ) -
AD570JN ADCO803CN 2-9 0
AD7512DIJN TL182CN 2-65 b=}
AD7512D1JQ TL182IN 2-65 o
AD7512DIKN TL182CN 2-65 &’
AD7512DIKQ TL182IN 2-65
AD7512DISD TL182MJ 2-65 )
AD7512DITD : TL182MJ 2-65 ©
AD7533 TLC7533 2-263 (a]
AD7524JN TLC7524CN 2-243
AD7524AD TLC7524IN 2-243
AD7528LN TLC7528CN 2-251
AD7528CQ TLC7528IN 2-251
AD7820 TLC0820 2-113
Tl T
BURR-BROWN DIRECT FUNCTIONAL PAgE
REPLACEMENT REPLACEMENT NO.
AD7533 TLC7533 2-263
AD7820 TLCO820 2-113
ADC82AG TLCO820BIN 2113
ADC82AM TLCO820AIN 2-113
Tl il
DATEL DIRECT FUNCTIONAL e
REPLACEMENT REPLACEMENT e
ADC-830C ADCO803CN 2-9
ADC-EK12DC TLC7135CN or 2-221
TLC7136CN or 2-233
TL500/1/3CN 2-71
ADC-EK12DR TLC7135CN or 2-221
TLC7136CN or 2-233
TL500/1/3CN 2-71
T
FUJITSU FUNCTIONAL PﬁgE
REPLACEMENT )
MB4053P TL5O7IN 2-91

\ Texas {'f 2.3
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DATA ACQUISITION CIRCUITS

CROSS-REFERENCE GUIDE

T Tl
INTERSIL DIRECT FUNCTIONAL P :ge
REPLACEMENT REPLACEMENT .
2 ADCO803LCD ADCO803IN 29
ADCO803LCN ADCO803CN 29
ADCO804LCD ADCO804IN 2-15
o ADCO804LCN ADCO804CN 215
o DGM182AK TL182MN TL604MP 2.97
Y DGM1828J TL182CN/IN TL6O4CP/IP 2.97
DGM185AK TL185MN TL60AMP 2.97
> DGM185BJ TL185CN/IN TL604CP/IP 2.97
I DGM188AK TL188MN TLE10MP 2.97
c DGM188BJ TL188CN/IN TL610CP/AP 2-97
7 DGM191AK TL191MN TL610MP 2.97
= DGM1918J TL191CN/IN TL610CP/P 2-97
o ICL7106CPL TLC7136CN 2-233
3 ICL7126CPL TLC7136CN 2-233
o ICL7135CPI TLC7135CN 2-221
= ICL7136CPL TLC7136CN 2-233
o
€,
& n PAGE
HARRIS DIRECT NO
REPLACEMENT :
HF10 TLC10 2-123
LINEAR omTe'cr PAGE
TECHNOLOGY REPLACEMENT NO.
LTC1060ACN TLC1ON 2-123
LTC1060CN TLC20N 2-123
i
MAXIM DIRECT P:gs
REPLACEMENT :
MF10BN TLC1ON 2-123
MF10CN TLC20N 2.123
ICL7135 TLC7136 2-221
MICRO o PAGE
NETWORKS FUNCTIONAL NO.
REPLACEMENT
TLCO820ACN 2-113
MN5100/5101 TLCO820BCN 2-113
MNS5120/5130/5140 TLCO820ACN 2-113
TLCO820BCN 2113
MICRO FUNCI:ONAL PAGE
POWER SYSTEMS REPLACEMENT NO.
TLC7135CN 2-221
MP7138AN TL500/1/3CN 271
MP7574AD/BD ADCOBOSIN series 2-9
ADCOB04CN or 2-15
MP7574N/KN ADCO805CN series 2-9
MP7581/JN/KN/ ADCO808N/ 2-21
AD/BD ADC809N 2-21
T 1/
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DATA ACQUISITION CIRCUITS

CROSS-REFERENCE GUIDE

Ti
MOTOROLA DIRECT
REPLACEMENT
MC1405L
MC14433P
MC14442L TLC533AMY
MC14442p TLCB533AIN
MC14443pP
MC14444pP
MC14447pP
MC145040FN TLC541MFN
MC145040L TLC541MU
MC145040P TLC541MN
MC54HC4016J TLC4016MJ
MC74HC4016J TLC4016IN
MC74HC4016N TLC4016IN
MC54HC4066J TLC4066MJ
MC74HC4066J TLC4066IN
MC74HC4066N TLC4066IN
T
NATIONAL DIRECT
REPLACEMENT
ADCO803LCD ADCO803IN
ADCO803LCN ADCO803IN
ADCO0804LCD ADCO0804IN
ADCO804LCN ADCO804CN
ADCO805LCN ADCO805IN
ADCO808N
ADC0808CCJ TLOSOBN
ADCO808N
ADCO0B08CCN TLOSOSN
ADCO80SN
ADCOB09CCN TLOSO9N
ADC0811BCJ TLC541IN
ADC0811BCN TLC541IN
ADC0811BCV TLC541IFN
ADCO0811BJ TLC541MJ
ADCO811CCJ TLCS41IN
ADCO811CCN TLC541IN
ADCO811CCV TLC5411FN
ADCO811CJ TLC541MJ
ADC0820BCD TLCO820BIN
ADC0820BCN TLCO820BCN
ADCO0820BD TLC0820BMJ
ADCO0820CCD TLCO820AIN
ADCO0820CCN TLCOB20ACN
ADC0820CD TLCO820AMJ
ADCO0829BCN TLC533AIN
ADCO0829CCN TLC533AIN
ADCO0830BCN
ADCO0830CCN
ADC0831BCJ ADCO0831BIP
ADCO831BCN ADCO0831BCP
ADCO0831CCJ ADCO831AIP
ADCO0831CCN ADCO831ACP
ADC0832BCJ ADC0832BIP
ADCO0832BCN ADCO0832BCP

Ti
FUNCTIONAL
REPLACEMENT

TL500CN
TL501CN
TL505CN
TLC7135CN or
TL500/1/3CN
TLC532AMJ
TLC532AIN
TL5O7IN
TLC546IN
TL507IP
TLC540MFN
TLC540MJ
TLC540MN

T
FUNCTIONAL
REPLACEMENT

TLC540IN
TLC540IN
TLC540IFN
TLC540MJ
TLC540IN
TLC540IN
TLC540IFN
TLC540MJ

TLC532AIN
TLC532AIN
TLC546IN
TLC546IN
TLC549IN
TLC549IN
TLC549IN
TLC549IN
TLC544IN
TLC544IN

PAGE
NO.

2-71
2-71
2-85
2-221
2-71
2-139

2-213

PAGE
NO.

2-9
2-9
2-15
2-15
2-9
2-21
2-57
2-21
2-57
2-21
2-57
2-149
2-149
2-149
2-149
2-149
2-149
2-149
2-149
2-113
2-113
2-113
2-113
2-113

U
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DATA ACQUISITION CIRCUITS
CROSS-REFERENCE GUIDE

(continued)

. NATIONAL

ADCO0832CCJ
‘ADCO832CCN
ADC0834BCJ
ADCO0834BCN
ADCO0834CCJ
ADCO0834CCN
ADC0838BCJ
ADCO0838BCN
ADC0838CCJ
ADCO0838CCN
ADC1001CCJ
ADC1005BCJ
ADC1005CCJ
ADC1205

ADC1225

ADC3511CCN
ADC3711CCN
ADD3501CCN

ADD3701CCN

MF10BN

MF10CN
MMB4HC4016J
MMB4HC4066J
MM74HC4016N/J
MM74HC4066N/J
MF4-50

MF4-100

PRECISION
MONOLITHICS

PM7524HP
PM7524FQ
PM7528
PM7533

RCA

CD4016AD
CD4016AE
CD4066AD
CD4066AE
CA3162E

T
DIRECT
REPLACEMENT

ADCO0832AIP
ADCO832ACP
ADCO834BIN
ADCO0834BCN
ADCO834AIN
ADCO834ACN
ADCO838BIN

ADCO838BCN

ADCO838AIN
ADCO838ACN

TLC1205
TLC1225

TLC10CN
TLC20CN
TLC4016MJ
TLC4066MJ
TLC4016IN
TLC4066IN
TLCO4
TLC14

o
DIRECT
REPLACEMENT
TLC4016MJ

TLC4016IN
TLC4066MJ
TLC4066IN

Tl
FUNCTIONAL
REPLACEMENT
TLC544IN
TLC544IN

TLC1541IN
TLC15641IN
TLC1541IN

TLC7135CN or
TL500/1/3CN
TLC7135CN or
TL500/1/3CN
TLC7136CN or
TL500/1/2CN
TLC7136CN or
TL500/1/2CN

T
FUNCTIONAL
REPLACEMENT
TLC7524CN
TLC7524IN

TLC7528
TLC7533

T
FUNCTIONAL
REPLACEMENT

TLSG1CN/TLEO3CN

2-213
2-205

PAGE

2-243
2-243
2-251
2-263

PAGE
NO.

2-205
2-205
2-213
2-213
2-71

2-6
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DATA ACQUISITION CIRCUITS

CROSS-REFERENCE GUIDE

T T
SIGNETICS DIRECT FUNCTIONAL P:gE
REPLACEMENT REPLACEMENT :
ADCOBO3/4/6-1LCN  ADCOB03/4/5IN 2.9
ADC0804-1CN ADCOB04CN 2-15
NE5034F TLC532AIN 2-139
NESO36FE/N/D TLC549CN/CD 2-173
NE5037F/N/D TLC549CN/CD 2-173
T T
SILICONIX DIRECT FUNCTIONAL P:gE
REPLACEMENT REPLACEMENT :
DG182AP TL182MN TLE10MP 297
DG1828P TL182CN/IN TLE10CP/IP 297
DG185AP TL185MN TL60AMP 297
DG1858P TL185CN/IN TLE04CP/IP 297
DG188AP TL188MN TL604MP 2.97
DG188BP TL188CN/IN TL604CP/IP 2.97
DG191AP TL19TMN TL60O4MP 2.97
DG1918P TL191CN/IN TLE04CP/IP 2.97
TLSO3CN or 271
Lb110Cs TLC71350N 2-221
TLEO1CN or 271
LLD111AC TLC7135CN 2-221
TLBOOCN or 271
Lb120C4 TLC7135CN 2-221
TL503CN or 2-71
Lo121ACY TLC7135CN 2-221
. ADCO808N 221
5i520DJ ADCOBO9N 2-21
Si7135CJ TLC7135CN 2-221
T n
TELEDYNE DIRECT FUNCTIONAL P':gs
REPLACEMENT REPLACEMENT :
TSC7106CPL TLC7136CN 2-233
TSC7126 TLC7136CN 2-233
TSC7126ACPL TLC7136CN 2-233
TSC7135CPI TLC7135CN 2-221
TSC8700 ADCOBO8N 221
TSC8701 TLC1541IN 2-197
TSC8703 ADCOB08N 2-21
TSC8704 TLC1541IN 2197
TSC14433CN TLC7135CN 2.221
/]
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ADC0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

D2754, NOVEMBER 1983 —~REVISED SEPTEMBER 1986

8-Bit Resolution N DUAL-IN-LINE PACKAGE

. . . (TOP VIEW)
Ratiometric Conversion 3
o cs [ vcc (OR REF)
100 us Conversion Time 70 Oz CLK OUT
135 ns Access Time WR Es DBO (LSB)
. CLK IN []a DB1

Guaranteed Monotonicity TR s DB2
High Reference Ladder Impedance IN+ [e DB3 DATA
8 kQ Typical IN- (7 DB4 OUTPUTS

. i ANLG GND []8 DB5
No Zero Adjust Requirement Rer/2 [o DB6
On-Chip Clock Generator DGTL GND [J10 DB7 (MSB)

Single 5-Volt Power Supply

Operates with Microprocessor or as
Stand-Alone

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

description

The ADC0803 and ADCO0805 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

N

ircuits

Data Acquisition C

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, can operate using an on-chip clock generator.

The ADCO0803! and ADCO0805I are characterized for operation from —40°C to 85°C. The ADC0803C
and ADCO805C are characterized from 0°C to 70°C.

PRODUCTION DATA documents contain information

Copyright © 1983, Texas Instruments Incorporated

current as of publication date. Products conform to

specifications per the terms of Texas Instruments TEXAS ¢

standard warranty. Production processing does not

necessarily include testing of all parameters. lNSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265
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ADC0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

functional block diagram (positive logic)

7D (2)
— “START"
cs FLIP-FLOP l
— s — 10
Rl
CLK A
R cLk-c1
cLK (19)
ouT
|-cLk A
CLK IN Ccik [ ok
GEN b-cLK B
DGTL (10) osc
GND - —
— CLK B
(20 —
Vee ! < <+ ) =
L < < =
2 < < e
) LADDER | o o sar . 8BIT
REF/2 ano | 1 Laten SHIFT INTERRUPT"
pecoper| ¢ 4 rReGiSTER FLIPELOP
< < . -
< < < R
< < e Ri-4-9
LE A
ANLG (8) I (5) ——
GND DAC - INTR
Vee 10
comp cLK A4 C1 qds
IN+ 16_)_4’
[
w2
18) 550 (Lse)
(1;) DB1
5] gy
3-STATE J015) .
OUTPUT |(14)
LATCH HDB‘
DBS
(12) joe
1Y) 567 (msa)
Exas W
2-10
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ADCO0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

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

Supply voltage, VCC (see Note 1) . .. ... 6.5V
Input voltage range CS, RD, WR . . ...ttt ... —0.3Vto18V
Otherinputs .. .......... ... ..., -0.3VtoVce +0.3V

Output voltage range . . . . . ... ... -0.3VtoVce +0.3V
Operating free-air temperature range: ADCO80 . .. ....................... —-40°C to 85°C
ADCOBO_C. ... . e 0°C to 70°C

Storage temperature FaNGE . . . . ..ttt v ittt e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . .. .................. 260°C

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

otherwise noted.

recommended operating conditions

Data Acquisition Circuits JINY

MIN NOM MAX UNIT
Supply voltage, Vcc 4.5 5 6.3 \"
Analog input voltage (see Note 2) -0.05 Vee +0.05 \Y
Voltage at REF/2 (see Note 3), VREF/2 0.25 2.5 \
High-level input voltage at CS, RD, or WR, V|q 2 15 \
Low-level input voltage at CS, RD, or WR, V. 0.8 \
Analog ground voltage (see Note 4) -0.05 0 1 \%
Clock input frequency (see Note 5), fgiock 100 640 1460 kHz
Duty cycle for fgjock above 640 kHz (see Note 5) 40% 60%
Pulse duration, clock input (high or low) for fglgck below 640 kHz, ty,(CLK) 275 781 ns
Pulse duration, WR input low, tw(WR) 100 ns
i . ADCO080_| —-40 85
Operating free-air temperature, Tp DT80 C 5 %5 °C

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

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

. These values are with respect to DGTL GND.

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

[

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

electrical characteristics over recommended operating free-air temperature range, Vcc = 5 V,
fclock = 640 kHz, VREF/2 = 2.5 V (unless otherwise noted)
2 PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
v High-level All outputs Vce = 475V, loH = —360 pA 2.4 v
OH
output voltage DB and INTR Vec = 475V, loH = —10pA 4.5
E Low-level Data outputs Vee = 475V, loL = 1.6 mA 0.4
S VoL output INTR output Vee = 4.75 V, loL = 1mA 04| VvV
> voltage CLK OUT Vee = 475V, loL = 360 pA 0.4
o0 v Clock positive-going 2.7 3.1 v
-g T+ threshold voltage ’ ! 35
- Clock tive-goi
7 VT 0ck negatlve-going 15 1.8 21| v
- threshold voltage
6' VT 4+ — V71 - Clock input hysteresis 0.6 1.3 2 v
=S hH High-level input current 0.005 1 A
Q he Low-level input current -0.005 -1 A
- Vo =0 -3
g. loz Off-state output current Vg Y 3 rA
-,
Short-current
» [ Output high Vo =0 Ta = 25°C -4.5 -6 A
OHS output current put hig 0 ' A ™
Short-circuit
! Output | Vo =5V, Ta = 25°C 9 16 A
oLs ., output current utput fow 0 A m
Supply current plus VREF/2 = open, Ta = 25°C,
| —_— . .8l
cc reference current CS =56V 1 1.8 mA
Input resistance to
R Note 6 2.5 8 kQ
REF/2 reference ladder See Note
Ci Input capacitance (control) 5 7.5 pF
Co Output capacitance (DB) 5 7.5 | pF
NOTE 6: Resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9.
operating characteristics over recommended operating free-air temperature, Vgc = 5 V, .
VREF/2 = 2.5V, fclock = 640 kHz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Supply-voltage-variation error Vce =45Vtob5YV, See Note 7 +1/16 +1/8| LSB
+1/4
Total adjusted error ADCO0803 | With full-scale adjust, See Notes 7 and 8 172 LsSB
V =25V, See Notes 7 and 8 +1/2
Total unadjusted error | ADCO805 |—REF/2 c¢ Notes 7 an 2] |sa
VREF/2 open, See Notes 7 and 8 *1
DC common-mode error See Notes 7 and 8 +1/16 +1/8| LSB
ten Output enable time @ 25°C Ta = 25°C, CL = 100 pF 135 200 ns
tdis Output disable time-@ 25 °C, TA = 25°C, C = 10 pF, R = 10kQ 125 200 ns
td(INTR) Delay time to reset INTR @ 25°C Ta = 25°C 300 450 ns
. . felock = 100 kHz to 1.46 MHz, clock
t, [« le t 25°C ° 66 73
conv onversion cycle time @ Ta = 25°C, See Note 9 cycles
CR Free-running conversion rate INTR connected to WR, CSatOV 8770 | conv/s

TAll typical values are at To = 25°C.

NOTES: 7

8.
9.

These parameters are guaranteed over the recommended analog input voltage range.

All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic.
Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock
periods before conversion starts. After conversion is completed, part of another clock period is required before a high-to-low
transition of INTR completes the cycle.

U
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ADCO0803, ADC0805

8-BIT ANALOG-TO-DIGITAL CONVERTERS

WITH DIFFERENTIAL INPUTS

PARAMETER MEASUREMENT INFORMATION

le—— g cLock PERIODS (MIN———»]
|

|
— |
RD |
50%
' |
|

| WonTRI—e— L }
[ I
INTR _\|\~”°" : 50% |
|
ton—b{ ¢~ —| l—tqis
| Lo
90%
DATA 7| Ekm%

OUTPUTS

READ OPERATION TIMING DIAGRAM

Data Acquisition Circuits H

=\ /

WR 50% 50%
! I
t4(INTR)-He»| |
| | 1108
— cLock PERIODS
J———twwr)—>!

I ¢ 64%
CLOCK PERIODS ’ |

I
— ! |
INTR 50% |
f— tCONV

|
|
|
50%
|
> \

WRITE OPERATION TIMING DIAGRAM
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ADC0803, ADC0805 ;
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

!nbov ereg EHS)

INo41D) uons

SH

PRINCIPLES OF OPERATION

The ADC0803 and ADCO0805 each contain a circuit equivalent to a 256-resistor network. Analog switches
are sequenced by successive-approximation logic to match an analog differential input voltage
{(Vin+ — Vin-) to a corresponding tap on the 256R network. The most significant bit (MSB) is tested
first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is
transferred to an output latch and the interrupt (INTR) output goes low. The device can be operated in
a free-running mode by connecting the INTR output to the write (WR) input and holding the conversion
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required
during the power-up cycle. Taking CS low anytime after that will interrupt a conversion in process.

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

When the TS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight 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 eight-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 eight-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.

ExAs
INSTRUMENTS
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ADC08041, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

D2755, OCTOBER 1983 —REVISED SEPTEMBER 1986

® 8-Bit Resolution N DUAL-IN-LINE PACKAGE
P
® Ratiometric Conversion (TOP VIEW)
® 100 ps Conversion Time cs [ Vcc (OR REF) 2
"D [ CLK ouT
® 135 ns Access Time WR DBO (LSB)
CLK IN DB1 2
® No Zero Adjust Requirement el x
iNTR [ DB2 3
® On-Chip Clock Generator IN+ [ DB3 DATA g
® Single 5-Volt Power Supply IN- ] DB4 OUTPUTS o
ANLG GND ] DB5 c
® Operates with Microprocessor or as REF/2 DB6 K]
Stand-Alone DGTL GND DB7 (MSB) ‘B
® Designed to be Interchangeable with S
National Semiconductor and Signetics 8
ADC0804 g
8
description =4
(a]

The ADCO0804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified
potentiometric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear
to the microprocessor as a memory location or an I/O port. Detailed information on interfacing to most
popular microprocessors is readily available from the factory.

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the
REF/2 input open. Without an external reference, the conversion takes place over a span from V¢C 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 ADC0O804C is characterized for
operation from 0°C to 70°C.

PRODUCTION DATA documents contain information .
current as of publication date. Products conform to v}
specifications per the terms of Texas Instruments
standard warranty. Production processing does not

TeExas 2-15
necessarily include testing of all parameters. 'NSTRUMENTS
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ADC0804I, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS :

functional block diagram (positive logic)

el

“START”

FLIP-FLOP 1

s 10

R CLK— C1

b 4 4 4

]
]
L
]
LATCH E REGISTER

SN uonisinboy ejeq . S

-—-Dvﬂmm

Laooer | s8I
Rer/z &L AND saR Pl
< “INTERRUPT"
< FLIP-FLOP
- - -
Le a
ANLG (8) J
GND -
vee DAC
i zi T [COMP, s
©

ING ——e @
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ADCO0804I1, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

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

Supply voltage, Vcc (see Note 1)

Input voltage range CS, RD, WR

otherinputs . .......... ... ... ... ......
Output voltage range . . . . .. oo it e

6.5V
-0.3Vto18V
-0.3VtoVce+ 0.3V

N

-0.3VtoVccy 0.3V

Operating free-air temperature range: ADCO804! ... ... ... ................. —40°C to 85°C 2

ADCO804C . ... ... i 0°C to 70°C '3

Storage temperature range . . . . . ... vt ittt e e —65°C to 150°C 2

Lead temperature 1,6 mm (1/16 inch) from'case for 10 seconds. . . ................... 260°C O

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

otherwise noted). -1

‘?

recommended operating conditions g_

MIN NOM  MAX UNIT ]

Supply voltage, Ve 4.5 5 6.3 \4 <

Voltage at REF/2, VRgF/2 (see Note 2) 0.25 2.5 \2 s

High-level input voltage at CS, RD, or WR, Vi 2 15 \Y ©

Low-level input voltage at CS, RD, or WR, Vi 0.8 Y o
Analog ground voltage (see Note 3) -0.05 (o] 1 v
Analog input voltage (see Note 4} -0.05 Vge +0.05 \Y
Clock input frequency, fgjock (see Note 5) 100 640 1460 kHz
Duty cycle for fglock = 640 kHz (see Note 5) 40 60 %
Pulse duration clock input (high or low) for felock < 640 kHz, tw(cLK) (see Note 5) 275 781 ns
Pulse duration, WR input low (start conversion), tw(WR) 100 ns

. i ADCO0804l -40 85

Operating free-air temperature, Ta } ADCOB0AC 5 7 °C

NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vo when

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

. These values are with respect to DGTL GND.

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

. Total unadjusted error is guaranteed only at an fgiock 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 fgjock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided ty(CLK)
remains within limits.

oA w
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ADCO0804I1, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

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

PARAMETER TEST CONDITIONS MiIN TYPt MAX | UNIT
VoH High-level output voltage All outptis_ Vee = 475V, loH = —360 uA 24 Y
DB.and INTR [Vce = 4.75V, Ton = — 10 pA 25
Data outputs | Voc = 4.75V, lgL = 1.6 mA 0.4
VoL Low-level output voltage INTR output | Vcc = 4.75 V, oL = 1 mA 04| V
CLK OUT Vee = 475V, IgL = 360 pA 0.4

Clock positive-going
VT4 P going 2.7 3.1 35| v
threshold voltage

Clock negative-going

synoa9) uoiksinboy eieq S

VT- threshold voltage 1.8 18 21 v
V14 -VT_- Clock input hysteresis 0.6 1.3 2 \
[T High-level input current 0.005 1 A
he Low-level input current -0.005 -1 A
Vo =0 -3
loz Off-state output current Vo =5V 3 A
IoHS Short-circuit output current | Output high Vo =0, Ta = 25°C -4.5 -6 mA
loLs Short-circuit output current | Output low Vo =5V, Ta = 25°C 9 16 mA
Icc Supply current plus reference current REF/2 open, Csatsv, 1.9 2.5 mA
Ta = 25°C
RREF/2 Input resistance to reference ladder See Note 6 1 1.3 kQ
Ci Input capacitance (control) 5 7.5 pF
Co Output capacitance (DB) 5 7.5 pF

NOTE 6: The resistance is &alculated from the current drawn from a 5-V supply applied to pins 8 and 9.

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

PARAMETER TEST CONDITIONS MiN TYPT MAX | UNIT
Supply-voltage-variation error
(See Notes 2 and 7)

Total unadjusted error
(See Notes 7 and 8)
DC common-mode error
(See Note 8)

Vee = 45V 10 5.5V +1/16  +1/8 | LSB

VREF/2 = 2.5V +1 | LSB

+1/16 +1/8 | LSB

ten Output enable time CL = 100 pF 135 200 ns

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

td(INTR) Delay time to reset INTR 300 450 ns
. lock

teonv Conversion cycle time (See Note 9) folock = 100 kHz to 1.46 MHz 65% 72% °°I°
. cycles

Conversion time 103 114 us

: INTR ted to WR,
CR Free-running conversion rate _"TH connected to 8827 | conv/s
CsatoV

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

NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vcc when
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs.
Thus, the differential input voltage when REF/2 is open and Ve = 5 Vis 0 to 5 V. VRgF/2 for an input voltage range from
0.5V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V.

. These parameters are guaranteed over the recommended analog input voltage range.

. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic.

. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock
periods before conversion starts. After conversion is completed, part of another clock period is required before a high-to-low
transition of INTR completes the cycle.
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ADC0804I, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

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

2

$31n241) uonisinboy ejeq

PRINCIPLES OF OPERATION

The ADCO0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced
by successive approximation logic to match an analog differential input voltage (ViN+ — Vih—) to a
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight
comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is transferred to an
output latch and the interrupt (INTR) output goes low. The device can be operated in a free-running mode
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up
cycle. Taking CS low anytime after that will interrupt a conversion in process.

When the WR input goes low, the A_DCOSQ_A}_ successive approximation register (SAR) and eight-bit shift
register are reset. As long as both CS and WR remain low, the ADC0804 will remain 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 eight-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 eight-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 eight-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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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

D2642, JUNE 1981 —REVISED FEBRUARY 1986

® Total Unadjusted Error . . . £0.75 LSB Max N
for ADCO808 and +1.25 LSB Max for DUAL-IN-LINE PACKAGE
ADC0809 (TOP VIEW)
® Resolution of 8 Bits 2
® 100 us Conversion Time INPUTS »
b
® Ratiometric Conversion S
Q
® Guaranteed Monotonicity START 5
® No Missing Codes c
® Easy Interface with Microprocessors 2
]
) - -4
Latched 3-State Outputs REF + S
® Latched Address Inputs a8
® Single 5-Volt Supply <
[1]
® Low Power Consumption FN PACKAGE f'j'
X . (TOP VIEW) (=}
® Designed to be Interchangeable with Co TN e o
National Semiconductor ADC0808, e - e
ADC0809 2z22zzan
£2Z2zZz2z2z2
/ LS ) S - - - S
4 3 21 282726
s e INPUT 705 5[] A
description START[6 24[]B > ADDRESS
The ADCO808 and ADCO809 are monolithic Eocfl7 2(c
CMOS devices with an 8-channel multiplexer, an 2-5Ds 22[] A'-51
8-bit analog-to-digital (A/D) converter, and OEl 9 21[f2-1mss)
. . . cLkJo 20(j2-2
microprocessor-compatible control logic. The vechn 19f2-3
8-channel multiplexer can be controlled by a cc 121314 16 16 17 18
microprocessor through a 3-bit address decoder ooonoon
with address load to select any one of eight renelay
single-ended analog switches connected directly Oy ;’ N
to the comparator. The 8-bit A/D converter uses |
the successive-approximation conversion o
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-volt supply and low power requirements
make the ADCO808 and ADCO809 especially useful for a wide variety of applications. Ratiometric
conversion is made possible by access to the reference voltage input terminals.
The ADCO808 and ADC0809 are characterized for operation from —40°C to 85°C.
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
curan s of publesion G, s conor Texas WP
speci
dard . P i ing does not 2-21
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ADC0808, ADC0809

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

functional block diagram (positive logic)

N

$3IN2419) uonisinboy ejeq

SAMPLE-AND-HOLD

BINARY-WEIGHTED
CAPACITORS
(12)
REF+ 1 36) SWITCH
REF— MATRIX
; THRESHOLD
-o126) 4 DETECTOR a7 , g (sm)
ylen (14) -7
(15) 2—6
(28) r
2 ANALOG ouTPUT | 8) 55 DIGITAL
anacoc J 3 murTi- LATCHES (18) , 4 OUTPUTS
INPUTS (2] PLEXER [ (19) -3
4 - (20) ,_2
5 3 ngs EN 21 ,_1 (msg)
(4) (7) enp OF
6 — ]
) CONTROL CONVERSION (EOC)
720
4
clock 102
START CONVERSION (START) &
OUTPUT ENABLE (0E) 2!
. (25)
ADDRESS A 24
ADDRESS B-——{ ADDRESS
ADDRESS C == DECODER
ADDRESS LOAD ~<=f>
ENABLE (ALE)

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS ADDRESS ANALOG
C B A STROBE CHANNEL
L L L t o]
L L H t 1
L H L t 2
L H H t 3
H L L t 4
H L H t 5
H H L U 6
H H H t 7

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

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

operating sequence

CLOCK

START
CONVERSION

ADDRESS LOAD
ENABLE

ADDRESS

ANALOG INPUT

MULTIPLEX OUTPUT
(INTERNAL)

END OF
CONVERSION

OouTPUT
ENABLE

LATCH OUTPUTS

‘—-m-—l

S O I I o o Y
50% HSO%

et —tu(s) ”
50%

s0%4 |

F—=+ADD

50%

! fl
ot

v

tw(ALC)

RESS STABLE

50%

X

ANALOG VALUE

X

j———+ INPUT STABLE ————————————+{

X

ANALOG VALUE

)

1
!
[l
|
'
'

|
|

! \ 50% l‘so%
=—td(EOC) —+f |
[t teconv -
50% # 50%
)

-t ten - [ tdis

90% 90%

HI-Z STATE 10% 10%
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ADCO0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

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

Supply voltage, VcC (see Note 1) .......... e e 6.5V
Input voltage range:control iNnputs .. ........... ... -0.3t0 15V
allotherinputs ............................ -0.3VtoVce + 0.3V
Operating free-air temperature range . ... ...........uuoinnnenneeenn. . —40°C to 85°C
Storage temperature range . . . .. ...ttt i e e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . . ................... 260°C

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

recommended operating conditions

s3Ino1) uonisinboy ejeq MS)

MIN NOM MAX | UNIT
Supply voltage, Vcc 4.5 5 6 \
Positive reference voltage, Vief (see Note 2) Vee Vee+04
Negative reference voltage, Vyef — 0 -0.1 \4
Differential reference voltage, Vief+ — Vief - 5 \
High-level input voltage, Vi4 Vee-1.5 \
Low-level input voltage, V| 1.5 \
Start pulse duration, ty(s) 200 ns
Address load control pulse duration, tyw(ALC) 200 ns
Address setup time, tg, 50 ns
Address hold time, tp 50 ns
Clock frequency, fglock 10 640 1280 kHz
Operating free-air temperature, Tp - -40 85 °C

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

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

electrical characteristics over recommended operating free-air temperature range, VCC = 4.75 V to
5.25 V (unless otherwise noted)

total device

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
VOoH High-level output voltage lop = —360 xA Vee-0.4 ) v
Vou Low-level output voltage Data outputs - 'o = 1.6 mA 0.48 \
End of conversion o =1.2mA 0.45
loz Off-state (high-impedance-state) Vo = Vce 3 A
output current Vo =0 -3
ly Control input current at maximum input voitage Vi =15V 1 pA
i Low-level control input current Vi=0 -1 A
Icc Supply current felock = 640 kHz 0.3 3 mA
Ci Input capacitance, control inputs Ta = 25°C 10 15 pF
Co Output capacitance, data outputs Ta = 25°C 10 15 pF
Resistance from pin 12 to pin 16 1000 kQ
analog multiplexer
PARAMETER TEST CONDITIONS MIN TYPT  max |[uniT
lon Channel on-state current (see Note 3) V=8V, fologk = 640 kHz 2 wA
Vi =0, fclock = 640 kHz -2
Vee =56V, | V=5V 10 200 A
Ta = 25°C | Vi =0 -10 -200
loff Channel off-state current
Vee = 5V Vy =5V 1 WA
V=0 -1

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

frequency.

Texas
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ADC0808, ADC0809

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

operating characteristics, TA = 25°C, VcC = VREF+ = 5V, VREF- = 0V, fclock = 640 kHz
(unless otherwise noted)
ADC0808 ADC0809
2 PARAMETER TEST CONDITIONS MIN_ TYPT  MAX WIN_TYPT  MAX UNIT
Supply voltage Vee = Vief+ = 475V t05.25V,

E ksvs sensitivity Ta = —40°C to 85°C, See Note 4 £0.05 £0.08 %NV
= :‘3'223':1::;” +0.25 +0.5 LsB
> Zero error (see Note 6) +0.25 +0.25 LS8
g Total unadjusted Ta = 25°C £0.25 205 £0.5
c Ta = —40°C to 85°C +0.75 +1.25 | LSB
o error (See Note 7) T T 0°C 15 90°C e
- A o +
% ten Output enable time CL = 50 pF, ‘R = 10 kQ 80 250 80 250 ns
= tdis Output disable time CL = 10 pF, R = 10 kQ 106 250 105 250 ns
(o) tconv  Conversion time See Note 8 90 100 116 90 100 116 us
- Delay time,
2 td(eoc) end of conversion See Notes 8 and 9 0 14.5 0 14.5 us
- output
7]

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

NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage

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

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

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

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

. Refer to the operating sequence diagram.

. For clock frequencies other than 640 kHz, tg(e0C) maximum is 8 clock periods plus 2 us.

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

PRINCIPLES OF OPERATION

The ADCO808 and ADCO809 each consists of an analog signal multiplexer, an 8-bit successive-
approximation converter, and related control and output circuitry.

multiplexer

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

converter

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

Data Acquisition Circuits M

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

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

Sc

THRESHOLD
DETECTOR

I l l .]_ J_ ou
16 8 4 2 1 1 OUTPUT

LATCHES

°
128 64l 32

NODE 128 REF+ ﬁsn ﬁen tﬁEH t::sn tzen ﬂsm t:EFd-
% % % % ©% ro% % o7 %
REF— REF- REF— REF— REF— REF— REF— REF— REF—
ST ST ST ST St ST St St

AT T 999999

FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

D2642, NOVEMBER 1986

® Total Unadjusted Error . . . +£0.75 LSB Max Jo
DUAL-IN-LINE PACKAGE
® Resolution of 8 Bits (TOP VIEW)
® 100 us Conversion Time 3 28l ] 2 2
® Ratiometric Conversion 412 27{] 1 INPUTS
INPUTS < 53 26[] 0 ]
® Guaranteed Monotonicity 6[0a 25[0A 5
® No Missing Codes 7(]s 241 B >ADDRESS g
I sTART[Js  23[] C S
® Easy Interface with Microprocessors eoc 7 22[7 ALE s
® Latched 3-State Outputs 2-5[]s  21[]2-1(MSB) o
OEN[Jo  20[]2~2 =
® Latched Address Inputs CLK[Jio 19f]2-3 g
@ Single 5-Volt Supply vee[n 18g2-4 2
REF+ [J12 17128 (LsB) Q
® Low Power Consumption GND[J13  16[] REF- [~3
@ Designed to be Interchangeable with 274157276 s
National Semiconductor ADC0O808CJ o
FK PACKAGE o
description (TOP VIEW)
OOt MN—O
The ADCO808M is a monolithic CMOS device = 15 15 '5
with an 8-channel multiplexer, an 8-bit analog- aoacaaa
L . zzz2z2zz2
to-digital (A/D) converter, and microprocessor- = = = = = = —
. R | SN ) S SN G S S gy S
compatible control logic. The 8-channel (3321 28212
multiplexer can be controlled by a micro- INPUT 7[) 5 25 A
processor through a 3-bit address decoder with START[]l6 24} > ADDRESS
address load to select any one of eight single- eocf}7 23[]c,
ended analog switches connected directly to the 2-5[]s8 22[JALE
comparator. The 8-bit A/D converter uses the OE[P 9 21J2-1 (msB)
successive-approximation conversion technique cLkfJo 20{}2-2
featuring a high-impedance threshold detector, vee i 19[2-3
a switched capacitor array, a sample-and-hold, 12 13 14 15 16 17 18
. . . . aooooos
and a successive-approximation register (SAR). T
Detailed information on interfacing to most L2000 W@
. . . . WwoOoononwJdw
popular microprocessors is readily available from o 4 -
the factory. |
~N
The comparison and converting methods used
eliminate the possibility of missing codes,
nonmonotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs
from the SAR and latched inputs to the multiplexer address decoder. The single 5-volt supply and low
power requirements make the ADCO808M especially useful for a wide variety of applications. Ratiometric
conversion is made possible by access to the reference voltage input terminals.
The ADCOBO08M is characterized for operation over the full military temperature range of —55°C to 125°C.
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to y}
Sandard warvinty: Produtton processing does no Ti 2-29
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ADCBBOSM

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

functional block diagram (positive logic)

(12)
REF+ Ti8)

REF—

—

SAMPLE-AND-HOLD

BINARY-WEIGHTED
CAPACITORS

SWITCH
MATRIX

THRESHOLD

(28]
](—2—71
228
3 )]
2]
RE]
@)

ANALOG
INPUTS

4

5

6
7

;&)

ANALOG
MULTI-
PLEXER

DETECTOR

3

TIMING
> AND

OUTPUT
LATCHES

1 17) -8 (LsB)
(14) 7
(15) , ¢
8) 2-5
(18) 24
(19) ,-3
(20) 2-2
21) 1 (msB)

DIGITAL
QUTPUTS

(7) EnD OF

CONTROL

CLOCK
(6)

(10

START CONVERSION (START)
9)

OUTPUT ENABLE (OE)

ADDRESS A %‘ﬁ’;{

ADDRESS B-——

ADDRESS C :—};:—
ADDRESS LOAD —

>

ENABLE (ALE)

ADDRESS
DECODER

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C B A STROBE CHANNEL
L L L T o]
L L H T 1
L H L T 2
L H H 1 3
H L L 1 4
H L H T 5
H H L T 6
H H H 1 7
high level, L = low level

low-to-high transition

CONVERSION (EOC)
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

operating sequence
"

Data Acquisition Circuits )%

START :
CONVERSION 50% 4 \50%
et twis)
ADDRESS LOAD Ve
ENABLE 50%F "30%
. ——tw(ALC)
pe--—=+ ADDRESS STABLE
| RESS STABL 4
ADDRESS 50%* ! ’(i“%
tsufeed"th |
ANALOG INPUT x '] ANALOG VALUE ! X
|-—1|—:— INPUT STABLE ————————————={
MULTIPLEX OUTPUT T\
(INTERNAL) : ><: AnALos VALUE, ><
P
coNvERSION I jf oo
1 D
l—td(EOC) —=f - !
OUTPUT ' feony -
ENABLE 5%} 0%
- ten
- !‘ - = tdis
LATCH OUTPUTS — 0% 0%
HI-Z STATE 10% 10%
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ADCO80SM
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

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

Supply voltage, VCC (see Note 1) .. ... e e e e e 6.5V

2 Input voltage range: control inputs . .......... ... ...t -0.3to 15V
allotherinputs .. ........ .. ... .. ... ... ... .. -0.3VtoVce + 03V

Operating free-air temperature range . .. ... ....... ... uuituinrinnnenn.n —-55°C to 125°C

Storage temperature range . . . . .. ..o io oot —-65°C to 150°C

Case temperature for 60 seconds: FK package. .. ........ ... ... ... ... . ... 260°C

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JD package ....... ... 300°C

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

recommended operating conditions

sunos1y uonisinboy ejeq

MIN NOM MAX UNIT
Supply voltage, Ve 4.5 5 6 v
Positive reference voltage, Vyef 4 (see Note 2) Vee Vee+0.1 \
Negative reference voltage, Vief — 0 -0.1 \4
Differential reference voltage, Vigf + — Vyef — 5 \4
High-level input voltage, Viy Vee-1.5 \
Low-level input voltage, V|_ 1.5 \4
Start puise duration, ty(g) 200 ns
Address load control pulse duration, tw(ALC) 200 § ns
Address setup time, tgy, ) 50 ns
Address hold time, t, 50 ns
Clock frequency, fclock 10 640 1280 kHz
Operating free-air temperature, To -55 125 °C

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, VCC = 4.5 V to
5.5 V (unless otherwise noted)

total device 2
PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
VoH High-level output voltage lp = —360 pA Vee-0.4 \ 7]
- -
Dat: tput: o = 1.6 mA 0.45 -
VoL Low-level output voltage ata outputs - 0 o \ =3
End of conversion lo = 1.2mA 0.45 [Z]
P
Off-state (high-impedance-state) Vo =V 3 s
loz [o] - cc WA [E)
output current Vg = 0 _3
I} Control input current at maximum input voltage Vi =15V 1 pA g
TR Low-level control input current Vi =0 -1 A -
lcc  Supply current fclock = 640 kHz 0.3 3 mA K]
C; Input capacitance, control inputs TA = 25°C 10 pF g_
Co Output capacitance, data outputs TA = 25°C 10 pF QO
Resistance from pin 12 to pin 16 1000 kQ <
s
analog multiplexer ©
(=]
PARAMETER TEST CONDITIONS MIN  TYP! MAX | UNIT
Vi = Vee. f, = 640 kHz 2
lon Channel on-state current (see Note 3) V: ~ O,Cc fz:zzt ~ 640 KHz 2 kA
Vec =5V, Vi=5V 10 0]
Ta = 25°C Vi =0 -10 -200
lotf Channel off-state current A V| 5V 7
| =
Vee =5V A
cc V=0 1]
T Typical values are at Voc = 5V and Tp = 25°C.
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock
frequency.
Texas %
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

operating characteristics, TA = 26°C, Vcc = VREF+ = 5V, VREF- = 0V, fclock = 640 kHz
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT

ksvs  Supply voltage sensitivity \Tlic:_‘;';ig t: 14 255 v Cf° 55 V;see Note 4 £0.05 %IV
Linearity error (see Note 5) +0.25 LSB

Zero error (see Note 6) - +0.25 LSB

. Ta = 25°C +0.25 *0.5

Total unadjusted error (see Note 7) Ta = —859C 10 125°C . 2095 LSB

tpzL Output enable time to low level See Figure 1 80 250 ns
tpZH Output enable time to high level See Figure 1 150 360 ns
tdis Output disable time See Figure 1 200 405 ns
teonv Conversion time See Note 8 and 9 and Figure 1 90 100 116 us
td(eoc) Delay time, end of conversion output | See Notes 8 and 10 and Figure 1 0 145 us

TTypical values for all except supply voltage sensitivity are at Vcc = 5 V, and all are at Tp = 25°C.

NOTES: 4. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage
varies. The supply and V,ef 4. are varied together and the change in accuracy is measured with respect to full-scale.

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

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

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

. Refer to the operating sequence diagram.

. For clock frequencies other than 640 kHz, teony is 57 clock cycles minimum and 74 clock cycles maximum.

. For clock frequencies other than 640 kHz, tg(eQC) maximum is 8 clock cycles plus 2 us.

o o

-
O w0~

PARAMETER MEASUREMENT INFORMATION

Vce
TEST
POINT 5 k2
OUTPUT
‘b
100 pF Co $11.7 k0

1|

FIGURE 1. TEST CIRCUIT |
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

PRINCIPLES OF OPERATION

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

multiplexer

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

converter

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

In the next phase of the conversion process, all ST and 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

THRESHOLD
DETECTOR

TO
OUTPUT
LATCHES

NODE 128 t'.aen t:xen tszn tﬁEH ﬁem t‘REF* t.nen t:tsm
% % ro% % % % ro% % %
REF— REF— REF— REF— REF— REF— REF— REF— REF—
ST St

SATTTTTTTT

FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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ADCO0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

D2795, AUGUST 1985 —REVISED JUNE 1986

® 8-Bit Resolution ADCO0831 . . . P DUAL-IN-LINE PACKAGE

. (TOP VIEW,
® Easy Interface to Microprocessors or !

Stand-Alone Operation cs v TUsld vee

® Operates Ratiometrically or with 5-V :mi E; 7] CLK
Reference G s|) bo

GND[Ja  s[]REF
® Single Channel or Mulitiplexed Twin
Channels with Single-Ended or Differential ADCO832 . . . P DUAL-IN-LINE PACKAGE
Input Options (TOP VIEW)
[} i i - —
Isn::;'Range 0 to 5 V with Single 5-V &[T Tsh VCC/REF
ly cHo []2 70 ck
® Inputs and Outputs are Compatible with cH1 s 6[] DO
TTL and MOS GND [ |4 5| ] DI
® Conversion Time of 32 us at
CLK = 250 kHz
® Designed to be Interchangeable with
National Semiconductor ADC0831 and
ADCO0832
DEVICE TOTAL UNADJUSTED ERROR
A-SUFFIX B-SUFFIX
ADC0831 +1LSB +% LSB
ADC0832 +1 LSB + % LSB
description
These devices are 8-bit successive-approximation analog-to-digital converters. The ADCO831A and
ADCO0831B have single input channels; the ADCO832A and ADC0832B have multiplexed twin input
channels. The serial output is configured to interface with standard shift registers or microprocessors.
Detailed information on interfacing to most popular microprocessors is readily available from the factory.
The ADC0832 multiplexer is software configured for single-ended or differential inputs. The differential
analog voltage input allows for common-mode rejection or offset of the analog zero input voltage value.
In addition, the voltage reference input can be adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.
The operation of the ADC0O831 and ADC0832 devices is very similar to the more complex ADC0834 and
ADCO0838 devices. Ratiometric conversion can be attained by setting the REF input equal to the maximum
analog input signal value, which gives the highest possible conversion resolution. Typically, REF is set
equal to Vcc (done internally on the ADC0832). For more detail on the operation of the ADCO831 and
ADCO0832 devices, refer to the ADCO834/ADCO838 data sheet.
The ADC0831AI, ADC0831BI, ADCO832Al, and ADCO832BI are characterized for operation from —40°C
to 85°C. The ADCO831AC, ADC0O831BC, ADCO832AC, and ADCO832BC are characterized for operation
from 0°C to 70°C.
PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
eumnt as of pnhllcagomu l]‘_rudumom E ”
S per s of Texas Instru XAS
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
AID PERIPHERALS WITH SERIAL CONTROL

functional block diagram

CLK

cs

[ttt |

"
1 DI~

1

(ADCo832 |

| K b CLK
LM :

CHO/IN +
CH1/IN -

TO INTERNAL
CIRCUITS

START
FLIP-FLOP
SHIFT_REGISTER
ODD/EVEN
) s
R
START ]
] >
l cLK
l SINGLE/DIFFERENTIAL | )_
s
TIME R
DELAY
ANALOG | cOMPARATOR <
MUux : 1
cs
EN
4
v cs cs cs
| | | &
EN R R R
EN cLk CcLK
LappER fA— ng"‘c A N]| 987 Jeoc 0o
AND BITS 0-7 BITS 0-7 - SHIFT
pECODER [N\ i [NTT V] Reaisten L
M S
P
ONE FIRST
SHOT
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

sequence of operation

ADCO0831
‘su-ﬂ l : : 1 . .5
,‘=| ' tconv =.' : I— 2
_ | 2=
cs] bl I, (8]
mux b e MsBFRSTDATA———— | g
SETTUNG—9| |¢—| | -
TIME Za iz 5
DATA _HIZ -
MsB LsB I — B4
OUT (DO) l . g_
7 6 5 4 3 2 1 "o o
ADCO0832 [+
-
1 2 3 a4 5 6 eee 10 11 12 13 14 eee 18 19 20 21 8
}UUUUULMJUUUUUL
| L
ie
~» e tsu i | |
_ ||
cs
|
[
START +sion | |
st se. obo | |
DATA %
IN (D)) W
-
DIF  EVEN [ |
Ux | [ MSB-FIRST DATA__.L———LSB FIRST DATA-—"
sem.wc-ﬂ l— ™ 45
TIME 7/
DATA HI-Z
MmSB . LsB mMsB
ouT (DO} I y 4+ ]
7 6 eee 2 1 0 1 2 ees 6 7
ADC0832 MUX ADDRESS CONTROL LOGIC TABLE
MUX ADDRESS CHANNEL NUMBER
SGL/DIF ODD/EVEN [
L L + -
L H - +
H L +
H H +
H = high level, L = low level, — or + = polarity of selected input pin
T *I’
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ADC0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

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

noted)
Supply voltage, VCC (see NOte 1) . ... .ottt e e et 6.5V
Input voltage range: LOgiC . ... ... .. .. e -0.3Vto15V
Analog. ...... ... .. .. -0.3VtoVcc+0.3V
Inputcurrent. . ...... ... . S P +5 mA
Total input current for PaCKage . . . . . . o v it it e e e +20 mA
Operating free-air temperature range: Al and Bl suffixes ................ ... —40°C to 85°C
ACand BCsuffixes. ..................... 0°C to 70°C
Storage temperature range . . . ... .. ... vuu ettt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ... .................. 260°C
NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal.
recommended operating conditions
MIN NOM MAX |UNIT
Vece Supply voltage 4.5 5 6.3 \
VIH High-level input voltage 2 \"
ViL Low-level input voltage 0.8 \
felock Clock frequency 10 400 | kHz
Clock duty cycle (see Note 2) 40 60| %
twH(CS) Pulse duration, CS high 220 ns
tsu Setup time, CS low or ADCO832 data valid before clock? 350 ns
th Hold time, ADC0832 data valid after clock? 90 ns
) ) [ Al and BI suffixes -40 85 [ |
TA Operating free-air temperature 1 AC and BC suffixes o 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 ps.

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

digital section

Al, Bl SUFFIX AC, BC SUFFIX
PARAMET! T DITIONSt UNIT
ER TEST CONDITIO! MIN_TYP}¥ MAX | MIN TYP! MAX
v High-level output Vece = 475V, loH = —360 pA 2.4 2.8 v
OH voltage : Voo = 4.75V, loH = —10 4A 25 16
Low-level output
V, Vi =475V, | = 1.6 mA 0.4 0.34 \
oL voltage cc oL ™
High-level input
| ViIH =5V 0.005 1 0.005 1 A
IH current IH w
-level input
e Low-lovel inpu ViL =0 -0.005 -1 -0.005 -1 uA
current
High-level output
VoH = = 25° -6.5 —14 -6.5 - A
loH (source) current OH = O, Ta = 25°C 6.5 1 6.5 14 m,
Low-level output
> V = Vce, = o
loL (sink) current oL cc Ta = 25°C 8 16 8 16 mA
High-impedance- Vo =5V, Ta = 25°C 0.01 3 0.01
loz state output = . rA
current (DO) Vo = 0, Ta = 25°C -0.01 -3 -0.01 -3
Cj Input capacitance 5 5 pF
Co Output capacitance . 5 5 pF

T All parameters are measured under open-loop conditions with zero common-mode input voltage.
* All typical values are at Vec = 5V, Tp = 26°C.

. {l’
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ADCO0831A, ADC0832A, ADC0831B, ADC0832B
AID PERIPHERALS WITH SERIAL CONTROL

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

analog and converter section

N

PARAMETER TEST CONDITIONSt MIN TYP¥ MAX | UNIT
-0.05
VICR Common-mode input voltage range See Note 3 to \2
Vce +0.05
. On-channel V| = 5V at on-channel, 1
Standby input
| ent Off-channel V| = 0 at off-channel -1 A
curr
l(stdby) On-channel V| = 0 at on-channel, -1 la
(see Note 4)
Off-channel V| = 5V at off-channel 1
Ti(REF) Input resistance to reference ladder 1.3 2.4 5.9 kQ
total device
PARAMETER TEST CONDITIONS T MIN TYP? MAX | UNIT
| Supply current ADCO0831 1 2.5 mA
U urren
cc PP ADC0832 3 52

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

+ All typical values are at Voc = 5V, TA = 25°C.

NOTES: 3. If channel IN — is more positive than channel IN +, the digital output code will be 0000 0000. Connected to each analog input
are two on-chip diodes that will conduct forward current for analog input voltages one diode drop above Vcc. Care must
be taken during testing at low V¢ levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high
temperatures, cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the
analog voltage does not exceed the supply valtage by more than 50 mV, the output code will be correct. To achieve an absolute
0V to 5 V input voltage range requires a minimum V¢ of 4.95 volts for all variations of temperature and load.

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

operating characteristics VCC = REF = 5V, fglock = 250 kHz, ty = tf = 20 ns, Tp = 25°C

(uniess otherwise noted)

1. BC SUFFIX Al, AC SUFFIX
PARAMETER TEST CONDITIONS B y C su UNIT
MIN TYP MAX | MIN TYP MAX
Supply-voltage variation error Vee = 475V 10 5.25 V +1/16 +1/4 +1/16 +1/4 LSB
Total unadjusted erro \" =5V,
unac ' ref £1/2 +1 | LsB
(see Note 5) TA = MIN to MAX
Common-mode error Differential mode +1/16 +1/4 +1/16 +1/4 LSB
MSB-first
Propagation delay time, | s 650 1500 650 1500
a
tpd  output data after CLKI TSBfiret CL = 100 pF ns
-TIrS
(see Note 6) 250 600 250 600
data
CpL = 10 pF,
) ) L P 125 250 125 250
N Output disable time, RL = 10 k@ ns
dis 3
DO after CSt CL = 100 pF,
ater L P 500 500
RL = 2 kQ
Conversion time (multiplexer clock
tconv L ) 8 8 .
addressing time not included) 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: 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.
T *’P
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ADC0831A, ADC0832A, ADCO831B, ADC0832B

A/D PERIPHERALS WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

"~ — —Vce
CLK 50% 50%
GND

ol
-ﬂ [—tsu -
_|-—|—_._......__L_
o !
6.4V
i

3

tsu

|
|
;i-ﬂ——!h

-
N T

T

|

I

I

I

)
<
%)
o

GND

I Cr— ) Vee
patain 2V 2 \
(oo 0.4V 04V
A S GND

FIGURE 1. ADC0832 DATA INPUT TIMING

FROM
OuTPUT
UNDER
TEST cL

I (See Note A}

TEST

POINT

Vee

50%

| - — ——GND

|
h—'{- tpd

[
DATA OUT r OH
Do) 50%
Pp—— VoL

FIGURE 2. DATA OUTPUT TIMING

Vce

S1A

S2

LOAD CIRCUIT

-5 :‘- t
{ Vee
— 90%
cs 50%
o e ——— GND
|
H—'dis
----- VoH
DO AND S1 open .
SARSOUTPUT S2closed _ N GND

VOLTAGE WAVEFORMS

NOTE A: C includes probe and jig capacitance.

s

. i 90% Vee
& soupf
O — — GND

;ﬂ—-’:—- tdis

~ —Vcc
DO AND S1 closed 1
TPUT 82
SARS OUTPU open __12%__ GND

VOLTAGE WAVEFORMS

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

TYPICAL CHARACTERISTICS

UNADJUSTED OFFSET ERROR

Vs

REFERENCE VOLTAGE

LINEARITY ERROR
vs

REFERENCE VOLTAGE

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

16 T T TTTIT T TTT 15 T T »
FVI(+) = Vig-) =0V vee=5V =
14 fclock = 250 kHz =3
i 125 - °C%s0c g
12 3)
Q & 10 c
ST 7 =
i 1 2
! 5 b
s 8 u 0.75 2
& z z
0 =
é-,o’_' 6 N E 0.5 2
a A\ - s
®©
0.25
) (a]
N
0 0
0.01 0.1 1 10 0 1 2 3 5
Vief—Reference Voltage—V Vref—Reference Voitage—V
FIGURE 4 FIGURE 5
LINEARITY ERROR LINEARITY ERROR
VS Vs
FREE-AIR TEMPERATURE CLOCK FREQUENCY
0.5 T T 3 T T
Vrief = 5V Vief = 5V
fclock = 250 kHz 25 Vec =5V
0.45 ’
o \ @
4 N 4 2
| 0.4 )
5 N g
5 u 1.5
> Z
£ 0.35 E /
3 = 8s 72500
0.3 e
-40°C
N 0.5
0.25 0
-50 -25 0O 25 50 75 100 0 100 200 300 400 500 600
TA—Free-Air Temperature — °C ’ felock— Clock Frequency —kHz
FIGURE 6 FIGURE 7
i
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ADC0831A, ADC0832A, ADC08318B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

Icc—Supply Current—mA

s}noa) uonisinboy ejeq H

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE

1.5 T T
fclock = 250 kHz

CS high

:
[:]

0.5
-50 -25 0 25 50 75 100

Ta—Free-Air Temperature— °C
FIGURE 8

SUPPLY CURRENT
vs
CLOCK FREQUENCY
15

T
Vec=5V
Ta=25°C

1.0

/‘

0.5

Icc—Supply Current—mA

0 100 200 300 400
fclock—Clock Frequency—kHz

FIGURE 9
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ADCO834A, ADCO838A,

ADC0834B, ADC0838B

A/D PERIPHERALS WITH SERIAL CONTROL

D2795, AUGUST 1985—REVISED OCTOBER 1986

@ 8-Bit Resolution

Easy Interface to Microprocessors 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 O to 5 V with Single 5-V
Supply

@ Remote Operation with Serial Data Link

Inputs and Outputs are Compatible with
TTL and MOS

@ Conversion Time of 32 us at
fclock = 250 kHz

@ Designed to be Interchangeable with
National Semiconductor ADC0834 and
ADC0838 ‘

TOTAL UNADJUSTED ERROR
A SUFFIX B SUFFIX

DEVICE

ADCO0834
ADC0838

+1LSB +1/2 LSB
+1LSB +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 to most
popular microprocessors is readily available from
the factory.

The ADCO0834 (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.

ADCO0834 . . . N DUAL-IN-LINE PACKAGE
(TOP VIEW)

v+
Ccs2

cHo
cH1[]
CH2[]]
CH3[]

DGTL GND []

N O o bW

1 Ui

Vce
13[]DI
12[]CLK
11[JSARS
10[]DO

o[ JREF
8[JANLG GND

ADCO0838 . . . N DUAL-IN-LINE PACKAGE
(TOP VIEW)

cHo[]
cH1[]
cH2[]
CH3[]
CH4[]
CH5[]
cHe [
cH7[]
com[]]
DGTL GND [}

W 0N U D WN =

o

ADC0838 . . .

Data Acquisition Circuits [INY

FN CHIP CARRIER PACKAGE

(TOP VIEW)

O

N -
I T
O

3 2

CH3
CH4
CH5
CHé
CH7

W ~N oo b

o

9

[a]
22
o o0
|
[
o
o

-
N
w

o O
I ot
Q> >

12019

18[]CS
17Dl
16[]CLK
15[|SARS
14}oo

[=]
zZ
o
Q
]
P4
<

The ADCO834Al, ADC0834BI, ADCO838AI, and ADCO838BI are characterized for operation from —40°C
to 85°C. The ADCO834AC, ADC0834BC, ADCO838AC, and ADCO838BC are characterized for operation

from 0°C to 70°C.

PRODUCTION DATA documents contain information
current as of publication date. Products conform
to specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.
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START
FLIP-FLOP

cLK =
3
= r b cLk
o1 > R SARS
(See Note A)
5.81T SHIFT REGISTER s
b cLK .
SELECT O SELECT 1_ODD/EVEN SGL/DIE__START 4
LSELECTO SELECT1 ODD/EVEN SGL.
< > -
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NOTE A: For the ADCO834, DI is input directly to the D input of SELECT 1, SELECT 0 is forced to a high.
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ADCO834A, ADCO838A, ADC0834B, ADC0838B.

A/D PERIPHERALS WITH SERIAL CONTROL

functional description

The ADCO0834 and ADCO0838 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, 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 inputs applied to the assigned
positive terminal is less than the signal on the negative terminal, the converter output is all zeros.

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

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

The common input on the ADCO838 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 vcltage
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. This enables all logic circuits. The Cs
input must be held low for the complete conversion process. A clock input is received from the processor.
On each low-to-high transition of the clock input, the data on the DIl 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 has been shifted into the start location of
the multiplexer register, the input channel has been 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 for the duration of the conversion.

An interval of one clock period is automatically inserted to allow for 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 will output with LSB first.)
When CS goes high, all internal registers are cleared. At this time the output circuits go to the high-impedance
state. If another conversion is desired, the CS line must make a high-to-low transition followed by address
information.
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ADCO0834A, ADC0O838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

functional description (continued)

sequence of operation

tsu

'4—
'||
cs

suno419 uonisinboy a;ed H

ADC0834

~fUVUHULAS

tconv

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

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

20 21

UL

o §-

— "—ts" +SIGN  SELECT

——— — —
— —]— — — 4=

ISTART  BIT cn BIT

|BIT SGL ODD

DI

DIF EVEN

HI-Z

SARS—l

|
MAX SETTLING _,

TIME

HI-Z

DO l

!
I
|
I
T
!
I

—

Ige

jé———MSB-FIRST DATA ——blé————LSB-FIRST DATA———J

L

MsB

LSB

7

ADC0834 MUX ADDRESS CONTROL LOGIC TABLE

2 1 1]

1

e MSB I_—

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

sequence of operation
ADCO0838

1 2 3 4 5 6 7 8 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

I i I
| [ |
L1, Lo tcol »l
[ [ |
! [ |
S 11 [ I
T — t
X MUX __ ] |
| ADDRESSING | | |
| |
— le—tgy | | |
I ! I
| ;! !
| SEL SEL | |
START! SIGN BIT1 BITO ! !

BIT L !

obD 1
EVEN T 0 ! |

Data Acquisition Circuits H

SE HELD LOW OR CONNECTED TO C§

¢—-MSB-FIRST DATA ~———P¢—————— LSB-FIRST DATA —————P|
!

H T T [T 1=

6 2 1 [} 1 2 3 4 5 6 7

SE USED TO CONTROL LSB FIRST DATA

[
[
SE [ ,—_
P
[
MUX | | [ MSB-FIRST DATA—— b LSB-HELD LSB-FIRST DATA ———pi
SETTLING—p ¢ ! ! ! .
TME | ! ! !
Lo . | | |
0o Lol [T 11 I O
55
7 7

6 2 1 ) 0 1 2 3 4 5 6
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ADC0834A, ADC0838A, ADCO834B, ADC0838B
~ AID PERIPHERALS WITH SERIAL CONTROL

ADC0838 MUX ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS SELECTED CHANNEL NUMBER
— R SELECT 0 1 2 3 com

SGL/DIFf ODD/EVEN T o o T 2 3 2 5 Py 7

L L L oL + -

L L L H + - .

L L H L + -

L L H H + -

L H L L - +

Lo H L H - +

L H H L + -

L H H H - +

H L LoL + -

H L L H + -

H L H L + -

H L H H + -

H H L L + -

H H L H + -

H H H L + -

H H H H + —

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

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

noted)
Supply voltage, Vog (see Notes 1 and 2) . . . ...t e 6.5V
Input voltage range: Logic . .. ... ... ... -0.3Vtol15V
Analog . ... ... -0.3VtoVcc+0.3V
Input current: V4 iNPUt . . .. e 15 mA
Any other INpuUt . .. ... ... e +5 mA
Total input current for package . .. ... .. e +20 mA
Operating free-air temperature range: Al and Bl suffixes .................... —40°C to 85°C
ACand BC suffixes. . .................... 0°C to 70°C
Storage temMperature range . .. .. . ... .vv vttt e -65°C to 150°C
Case temperature for 10 seconds: FN package. .. ............ ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . .. .......... 260°C

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

2. Internal zener diodes are connected from the V¢ input to ground and from the V + input to ground. The breakdown voltage
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to V¢ through
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the
Ve input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input.
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ADCO834A, ADC0838A, ADC0834B, ADC0838B
AID PERIPHERALS WITH SERIAL CONTROL

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 6.3 \ 2
VIH High-level input voltage 2 \Y
ViL Low-level input voltage 0.8 \
felock Clock frequency 10 400 | kHz ‘GD_'
Clock duty cycle (see Note 3) 40 60 % '5
twH(Cs) Pulse duration, CS high 220 ns 2
tsu Setup time, CS low, SE low, or data valid before clock? 350 ns 6
th Hold time, data valid after clock? 20 ns c
] ] Al and BI suffixes ~40 85 02
Ta Operating free-air temperature - °C
AC and BC suffixes 0 70 B
NOTE 3: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended g
duty cycle range, the minimum puise duration (high or low) is 1 ps. QO
electrical characteristics over recommended range of operating free-air temperature, i
Vee = V+ = 5V, fclock = 250 kHz (unless otherwise noted) ®
digital section Q
PARAMETER TEST CONDITIONS Al B SUFFIX AC, BC SUFFIX UNIT
MIN TYP} MAX | MIN TYP! MAX
VoH High-level output voltage zﬁg : :;: x' :g: ; ?ff;iA i: ii \Y
VoL Low-leve! output voltage Vee = 56.25V, gL = 1.6 mA 0.4 0.34 \%
hH High-level input current Vig =5V 0.005 1 0.005 1 uA
T8 Low-level input current ViL=0 -0.005 -1 -0.005 -1 A
oy High-level output (source) current | Vo = O, Ta = 25°C -6.56 -14 -6.5 -14 mA
loL  Low-level output (sink) current VoL = V¢, Ta = 25°C 8 16 8 16 mA
oz High-impedance-state output Vo =56V, Ta = 25°C 0.01 0.01 3 A
current (DO or SARS) Vo =0, Ta = 25°C -0.01 -3 -0.01 -3
Ci Input capacitance 5 5 pF
Co Output capacitance 5 5 pF
TAll parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified).
FAll typical values are at Voe = V+ = 5V, Tp = 26°C.
Texas WP
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

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

analog and converter section

PARAMETER TEST CONDITIONS ! MIN TYP MAX | UNIT
-0.05
VicR Common-mode input voltage range See Note 4 . to \%
Vce+0.05
On-channel V| = 5V at on-channel, 1
Standby input current | Off-channel V} = 0 at off-channel -1
liistdby) (see Note 5) On-channel V| = 0 at on-channel -1 #A
! .
Off-channel V| = 5 V at off-channel : 1
Ti(ref) Input resistance to reference ladder . 1.3 2.4 5.9 k@
total device
PARAMETER TEST CONDITIONS T MIN TYP¥ MAX | UNIT
Vz Internal zener diode breakdown voltage 't = 15 mA at V+ pin, 6.3 7 8.5 \"
See Note 2
lcc Supply current 1 2.5 mA

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

Al typical values are at Vec = 5V, V+ = 5V, Tp = 25°C.

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

4. If channel IN — is more positive than channel IN +, the digital output code will be 0000 0000. Connected to each analog input

are two on-chip diodes that will conduct forward current for analog input voltages one diode drop above V. Care must be

taken during testing at low V levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high temperatures,

cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the analog voltage does

not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute O V to 5 V input

voltage range requires a minimum V¢ of 4.950 volts for all variations of temperature and load.

Standby input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion

and the clock is in a high or low steady-state condition.

o
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ADCUB34A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

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

otherwise noted)

N

ircuits

Cc

isition

t BI, BC SUFFIX Al, AC SUFFIX
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
Supply-voltage variation error Vee = 475V to 5.25 V +1/16 +1/4 +1/16 +=1/4 | LSB
' Vief = 5V,
Total unadjusted error (see Note 6) T MIN to MAX +1/2 +1 LSB
A=
Common-mode error Differential mode +1/16 +1/4 +1/16 +1/4 | LSB
Change in zero-error from | 15 mA at V+ oi
= mA a in,
Vce = 5V to internal zener \ll — BV, V open 1 1 LSB
diode operation (see Note 2) ref = + Vee op
Propagation delay time, | \1qp first data 650 1500 650 1500
tpd output data after CLK{ - CL = 100 pF ns
(see Note 7) LSB-first data 250 600 250 600
. Output disable time, CL = 10 pF, R = 10 kQ 125 250 125 250
dis DO or SARS after C51 CL = 100 pF, R, = 2 k@ 500 s00| "
R Conversion time (multiplexer 8 8 clock
conv addressing time not included) periods

TAll parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX,
use the appropriate value specified under recommended operating conditions.
NOTES: 2. Internal zener diodes are connected from the V¢ input to ground and from the V + input to ground. The breakdown voltage
of each zener diode is approximately 7 volts. One zener diode can be used as a shunt regulator and connects to V¢ through
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the
Ve input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input.
6. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors.
7. The most significant bit (MSB) data is output directly from the comparator and therefore requires additional delay to allow for
comparator response time.

PARAMETER MEASUREMENT INFORMATION

— — —Vcc
CLK 50% 50%
I ! GND
» Mt - ety
_|_|.__ —_——d —_————vcc
—_ | (|
CS | l |
oavi ) h
t — GND
|
| Vce
\

GND

FIGURE 1. DATA INPUT TIMING
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ADCO834A, ADC0838A, ADC0834B, ADC0838B

A/D PERIPHERALS WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

be—pH—tpa

— ——=Vcc
cLK 50% 50%
| | GND

tod ..__" l—

[ — | V,
DATA /oo :“ o ce
ouT (DO) ;

T e = GND

S31N241D) uonisinboy ejeq !

I (See Note A)

LOAD CIRCUIT

FROM

OUTPUT

UNDER
TEST cL

—Ol }Q— t
| A 90% Vee
cs 50%

o ——— GND

———,

DOAND Siopen 90% o

SARSOUTPUT _S2closed N GND
VOLTAGE WAVEFORMS

NOTE A: Cy includes probe and jig capacitance.

FIGURE 2. DATA OUTPUT TIMING

Vce

l

S1

}hsz

+

ety
)

_ 90% Vee
& sonif
% — — GND

}‘—"—'dis

{ -Vee
. DOAND 81 closed |
SARS OUTPUT _S2 open £19% _ __ onp

VOLTAGE WAVEFORMS

’

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS
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ADCO834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

TYPICAL CHARACTERISTICS

UNADJUSTED OFFSET ERROR LINEARITY ERROR
vs vs
REFERENCE VOLTAGE REFERENCE VOLTAGE
16 T LELLBLULALAS T 1.5 r
Vi) =Vi(-) =0 Vee=5V
14 felock = 250 kHz
1.25 -7 0T58¢
12
o ‘cg 1.0
4 10 7
i :
S 3 & 0.75
w
£ 6 2 o5
N ]
¢ N
0.25
2
N
0 I 0
0.01 0.1 1.0 10 0 1 2 3 4 5
Vyef—Reference Voltage—V Vyef—Reference Voltage—V
FIGURE 4 FIGURE 5
LINEARITY ERROR LINEARITY ERROR
vs vs .
FREE-AIR TEMPERATURE CLOCK FREQUENCY
05 [ I 3 T
Vief =5V | xref:‘:\\ll
felock = 250 kHz 25 |—c€
0.45 N /
o o
7] Y «n 2
e
-.'f 0.4 \ 1 /
5 N 5
w N W15
z N z /
%035 5 /
3 3
NC a5 (_/ 25°c
0.3 -40°C /
\\ 0.5 —
0
0.2550 —25 0 25 50 75 100 0 100 200 300 400 500 600
TAa—Free-Air Temperature—°C felock — Clock Frequency — kHz
FIGURE 6 FIGURE 7
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ADC0834A, ADCO838A, ADCO834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

TYPICAL CHARACTERISTICS

SUPPLY CURRENT

SUPPLY CURRENT
vs
2 FREE-AIR TEMPERATURE CLOCK FREQUENCY
g P T 15 :
& fclock = 250 kHz_| Vee = 5°V
2 ~ €S = HIGH Ta=25°C
< N W <
g £ \C‘c *55 £
o | < YV |
£ E g 1.0
[] E — £
= 5 \ VC £ /
6. (i 1.0 NSC=s5 v gi /
5 B — g
Q 3 [ = H
o ! Vees 4 1 05
€ 8 g 8
@ g ] -
05 L 0
-50 -25 0 25 50 75 100 0 100 200 300 400 500
TA — Free-Air Temperature — °C- felock — Clock Frequency — kHz
FIGURE 8 FIGURE 9
OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE
25
Veec =5V
2|
< 0
E
I
51 e~V I~
-
-
f <10 F=—1
S | —lon-z24v)
| f
I
95 OL (VOL=O4V) —
I e N
0
-50 -25 0 25 50 75 100
TA — Free-Air Temperature — °c
FIGURE 10
i
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TLO80S, TLOBOY

LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS

WITH 8-CHANNEL MULTIPLEXERS

D2642, FEBRUARY 1986 — REVISED SEPTEMBER 1986

® Total Unadjusted Error . . . +0.75 LSB Max N DUAL-IN-LINE PACKAGE
for TLO808 and *1.25 LSB Max for (TOP VIEW)
TLO809 Over Temperature Range s Tk 2 2
@ Ideal for Battery Operated, Portable 42 2701 pINPUTS
Instrumentation Applications INPUTS 9 53 26[] 0 '
6[Js 25 A [7)
® Resolution of 8 Bits 7[Js 24[]B > ADDRESS ‘:;,'
. " sTaRT[]s 23] C o
® 100 us Conversion Time eocd? 22JALe =
® Ratiometric Conversion 2-5[s  21[]2-1(MSB) o
OE[Je 2022 c
® Guaranteed Monotonicity Ck o 19f]2-3 K]
veeln 1802-4 k=
® No Missing Codes REF+ (12 17[] 2~ 8 (LsB) 0
® Easy Interface with Microprocessors GND[J13  16[] REF - g-
2-7a 15[]2-6 o
® Latched 3-State Outputs g
° ©
Latched Address Inputs EN PACKAGE E
@ Single 5-Voit Supply (TOP VIEW) (a]
® Extremely Low Power N
Consumption . . . 0.3 mW Typ Za2ZEad
2222222
i /OO
® Improved Direct Replacements for 5 5T 2827 28
ADCO0808, ADC0809 INPUT 7(] 5 5[ A
L START[J6 24[]B > ADDRESS
description eocp7 23[c
-50)s
The TLOBO8 and TLOBO9 are monolithic CMOS 2 ;’9 sz o1 se)
devices with an 8-channel multiplexer, an 8-bit cikpo 20f2-2
aqalog~to-d|g|tal (A/D} converter, and veep 19[]2-3
microprocessor-compatible control logic. The 12131415 16 17 18
8-channel multiplexer can be controlled by a ':' ';':";”T' 20
microprocessor through a 3-bit address decoder L& Ly <2 &
with address load to select any one of eight « C o
single-ended analog switches connected directly N
to the comparator. The 8-bit A/D converter uses
the successive-approximation conversion
technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold,
and a successive-approximation register (SAR). Detailed information on interfacing to most popular
microprocessors is readily available from the factory. These devices are designed to operate from common
microprocessor control buses, with three-state output latches driving the data bus. The devices can be
made to appear to the microprocessor as a memory location or an /O port.
The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity,
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR
and latched inputs to the multiplexer address decoder. The single 3-volt supply and extremely low power
requirements make the TLO808 and TLO809 especially useful for a wide variety of applications including
portable battery and LCD applications. Ratiometric conversion is made possible by access to the reference
voltage input terminals.
The TLO808 and TLOBOS are characterized for operation from —40°C to 85°C.
PRODUCTION DATA dwumants‘mmin information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to %
et o oo s o TExAS 257
$ . -
i INSTRUME

necessarily include testing: of all parameters.
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TL080S, TLO8OY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

functional block diagram (positive logic)

SAMPLE-AND-HOLD

2 BINARY-WEIGHTED
CAPACITORS
(12)
E L TT — SWITCH
2 REF—-— MATRIX
> ; THRESHOLD
3] rq (26 s DETECTOR [ 7) ,-8 (Lsm)
'g (27) | (14) 57
=. 11— 115) , 5
@, 2128)] )
=3 ANALOG outpuT | B 5,5 DIGITAL
° anacoc J 3 muLTi- LATCHES |(18) , 4 OUTPUTS
= INPUTS (20] PLEXER _(_!_9_’ 2-3
o 4— (200 ,_»
3
= 5 13 >rmr;c N 21) 51 (mss)
2 544 CONTROL {7) enp OF
= ®) CONVERSION (EOC)
7 7
crock 9%
START CONVERSION (START) 2!
OUTPUT ENABLE (0F) 2! 1
ADDRESS A
ADDRESS B ADDRESS
ADDRESS C DECODER
ADDRESS LOAD
ENABLE (ALE)

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C B A | STROBE | CHANNEL
L L L 1 0
L L H 1 1
L H L 1 2
L' H H 4 3
H L L 1 4
H L H 1 5
H O H L t 6
H H H t 7

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

\ {ip
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TLO808, TLOBOY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

operating sequence

r—1/f -|
wos [ LML LI L L LML L

START /——\
CONVERSION 50%f 50%

I e R
h tw(s)
ADDRESS LOAD Va
ENABLE 50%F \30%
——"——twiaLC) ’
fe—=+ ADDRESS STABLE
ADDRESS SOMO%:
| e Ls
tuteet | :
] | T
ANALOG INPUT :X I | ANALOG VALUE X
|-—l'-——:— INPUT STABLE —————————={
MULTIPLEX OUTPUT ] T
(INTERNAL) : ><; ANALOS VALUE ><
| |
END OF T I 50% f 50%
CONVERSION : ' h 1#
—td(EOC) —=| !
OUTPUT i feonv "
ENABLE —f f— i t, ! il
o -
- !‘ n o p=tdis
LATCH OUTPUTS S 90% 90%
HI-Z STATE 10% 10%
T {l’
EXAS 2-59
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TLOBOS, TLOBOY

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

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

Supply voltage, VCC (see Note 1) .. ... i e 6.5V
Input voltage range: control inputs . ....... e e -0.3t0o 15V

allotherinputs .......... ... ... ... ... ..... -0.3VtoVee + 0.3V
Operating free-air temperature range . . ........... oottt —40°C to 85°C
Storage temperature range . ... ... ... ... e —-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

) MIN NOM MAX |UNIT
felock = 10 kHz to 640 kHz 2.75 5.5
Supply voltage, Vee Telock = 640 kHz to 1280 kHz 7 55 ] ¥
Clock frequency, fgjock (see supply voltage recommendation above) 10 1280 kHz
Positive reference voltage, Vyef 4 (see Notes 2, 3, and 4) 2.75 Vee Veet01 | V
Negative reference voltage, Vief — (see Notes 2, 3, and 4) 0 -0.1 \
Differential reference voltage, Vigf+ — Vref— (see Note 4) 3 \
High-level input voltage, control inputs, V|4 0.7 Vee \4
Low-level input voltage, control inputs, Vi 0.3 Vce \
Start pulse duration, ty(g) 200 ns
Address load control pulse duration, ty(ALC) 200 ns
Address setup time, tgy, 50 ns
Address hold time, ty, 50 ns
Operating free-air temperature, Tp (see Note 4) -40 85 °Cc
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 Vigf convert to all highs, and all voltages less than Vyef . convert to all lows.
4. For proper operation of the TLO808 and TLO809 at free-air temperatures below 0°C, Vg and (Vigf 4 — Vief—) should not
be less than 3 volts.
+
260 TEXAS
INSTRUMENTS
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TLO8O8, TLO8OY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

electrical characteristics over recommended operating free-air temperature range, VCC = 3V t05.25 V
(unless otherwise noted)

total device

Data Acquisition Circuits J\®)

PARAMETER TEST CONDITIONS MIN TYPT MAX | uniT
VoH High-level output voltage lo = —360 A Vce-0.4 v
Data outputs lop = 1.6 mA 0.4
\ Low-level output volt \2
oL w-ievel output voltage End of conversion o =1.2mA 0.4
Off-state (high-impedance-state) Vo = Vce 1
loz uA
output current Vo =0 -1
L} Control input current at maximum input voltage Vi =15V 1 RA
L  Low-level control input current V=0 -1 A
Vce = 3V, folock = 640 kHz 100 500 | uA
i Supply ci t
CC  Supply curren Voo = 5V, Toigek = 640 kHz 03 3| mA
C; Input capacitance, control inputs Ta = 25°C 10 15 pF
Co  Output capacitance, data outputs Ta = 25°C 10 15 pF
Resistance from pin 12 to pin 16 1 1000 kQ
analog multiplexer
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Vi =3V, fgock = 640 kHz 2
! Ch | on-state ¢ t (see Note 5 A
on annel on-state current (see Note 5) V=0, Tolock = 640 KMz = I
Vec =3V.[vi=3V 10200 [
Ta = 25°C |V =0 -10 -200
loff Channel off-state current v 3V 7
| =
V, =3V A
cc V=0 =3 Iz

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

TeExAs {if
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TLO80S, TLO80S

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

operating characteristics, TA = 256°C, Ve = 3V, VREF+ = 3V, VREF- = 0V, fclock = 640 kHz

(unless otherwise noted)

TLO808 TLO80Y
PARAMETER TEST CONDITIONS WIN_ TYPT  MAX MIN _TYPT MAX UNIT
Supply voltage Vee = Vief+ = 3Vtob5.25V,
ksvs sensitivity TAC= —4;f’C to 85°C, See Note 6 £0.08 £0.05 %IV
Linearity error
(see Note 7) £0-5 *! LS8
Zero error (see Note 8) +0.56 +0.5 LSB
Total unadjusted TA = 25°C +0.25 +0.5 - +0.5 *1 LSB
error (See Note 9) Ta = —40°C to 85°C +0.75 +1.25
ten Output enable time CL = 50 pF, RL = 10 k@ 80 250 80 250 ns
tdis Output disable time CL =.10 pF, RL = 10 k@ 105 250 1056 250 ns
tcony  Conversion time See Note 10 90 100 116 g0 110 116 us
Delay time,
tq(e0C) end of conversion ' See Notes 10 and 11 0o 14.5 (¢} 14.5 us
output

TTypical values for all except supply voltage sensitivity are at Vcc = 3 V, and all are at Tp = 25°C.
Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage

NOTES: 6.

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

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

10.
1.

Refer to the operating sequence diagram.
For clock frequencies other than 640 kHz, tg(epc) maximum is 8 clock periods plus 2 ps.

2-62
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TLO80S, TLOBOY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

PRINCIPLES OF OPERATION

The TLO808 and TLO809Y each consists of an analog signal multiplexer, an 8-bit successive-approximation
converter, and related control and output circuitry.

multiplexer

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

converter

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

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

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

Sc

THRESHOLD
DETECTOR

TO

2 1 ouTPUT
B LATCHES
NODE 128 t:aen ﬁsn ta.en ﬁsn tz«en t:sn ﬁsm t:sn
ro% % % % ©% ro% % [t %
REF— REF— REF— REF— REF— REF— REF— REF— REF-

AT T 1T 1797

FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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TL182, TL185, TL188, TL191
BI-MOS SWITCHES

D2234, JUNE 1976—REVISED SEPTEMBER 1986

® Functionally Interchangeable with Siliconix ® Uniform On-State Resistance for Minimum

DG182, DG185, DG188, DG191 with Same Signal Distortion

Terminal Assignments

Monolithic Construction

Adjustable Reference Voltage Compatibility

@ JFET Inputs

description

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

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

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

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

BI-MOS technology is a major breakthrough in
linear integrated circuit processing. BI-MOS can
have ion-implanted JFETs, p-channel MOS-FETs,

TL182

+10-V Analog Voltage Range
TTL, MOS, and CMOS Logic Control

N DUAL-IN-LINE PACKAGE
(TOP VIEW)

1S
10 [
NC [
NC [
1A
vee [

1 Uha

N OO bA WwN
-
o

ViL

2s
] 2D
] NC
[] NC
[] 2A
(] Ve
[] Vret

TL185

N DUAL-IN-LINE PACKAGE
(TOP VIEW)

1D1
NC [
102 [
152 []
251
201 [
NC [

1 Uss
15
14
13

11
10

202 []

2
3
4
5 12
6
7
8

9

1s1
(1A

[] Ve
j Vref
] Vi
] vee
] 2A

252

TL188

N DUAL-IN-LINE PACKAGE
(TOP VIEW)

NC
NC [
D1
S1

A

Vce

VLL

1 U4
2 13
3 12
a4 n
5 10
6 9
7

00

NC
] NC
(] D2
] s2
] NC
(] Ve
] Vref

TL191

N DUAL-IN-LINE PACKAGE

plus the usual bipolar components all on the (TOP VIEW)
same chip. BI-MOS aIIO\{vs circuit designs that 101 O Trel] 181
previously have been av.allable only as expensive ne 02 15[ 1A
hybrids to be monolithic. 102 O3 1a[] Ve
Devices with an ““M’’ suffix are characterized for 152 (04 13[J Vyef
operation from —55°C to 125°C, those with an 282 s 120 v
"1’ suffix are characterized for operation from 202 [s 1n[d vee
—25°C to 85°C, and those with a *’C’’ suffix Nc 7 10{] 2A
are characterized for operation from 0°C to 2D1 (s 9l] 2s1
70°C. NC—No internal connection

PRODUCTION DATA documents contain .
information current as of publication date. i) -
Products conform to specifications per the terms TEXAS
of Texas Instruments standar warrantr.

v INSTRUMENTS

Production processing does not necessaril
include testing of all parameters.
POST OFFICE BOX 655012 * DALLAS, TEXAS 76265

Copyright © 1984, Texas Instruments Incorporated
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TL182, TL185
BI-MOS SWITCHES
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TL182 TWIN SPST SWITCH

schematic (each channel) symbol
VL  Vee
§ TO OTHER HALF
?
] D 1A (5)
E ;; N\ n 2)
18— 1D
s | e — —T
. . s
2A {10)
A—< 1 zs_(ﬂl ._/L ._(ﬁ 2D
1 iva Ay l_l
LAY Al
IN . X : I"I
J FUNCTION TABLE
(EACH HALF)
INPUT SWITCH
A s
o ' N L ON (CLOSED)
R T - ,_;} TO OTHER HALF H OFF (OPEN)
VEE Vref
TL185 TWIN DPST SWITCH
schematic (each. channel) symbol
ViL  Vee
— }TO OTHER HALF (15)
Jud A—
‘ ) 1 D1 13126_).. —_— ..ﬂu:n
4 3
E _]:J : 182(_). ../... ..ﬂ.n)z
— —
I I l.__.__—-s1 (10)
2A —
A< e ZS1£- - - ,w_)zn1
b2 s 0l _—~_ L@
——S§2
FUNCTION TABLE
(EACH HALF)
INPUT SWITCHES
A SW1 AND SW2
— 1 : > L OFF (OPEN)
| [ TO OTHER HALF H ON (CLOSED)
VEE Vryef
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TL188, TL191
BI-MOS SWITCHES

TL188 DUAL COMPLEMENTARY SPST SWITCH

Data Acquisition Circuits H

schematic . symbol
Ve Vee
' = _ 1] D1
{:r‘] = p A
— [l ‘>—| s1 (4) — 3) D1
s1
o 1 o [
A—e L 1>
D2
| s2
Yy FUNCTION TABLE
» Yy INPUT  SWITCHES
A sw1 sw2
L OFF (OPEN)  ON (CLOSED)
3 S H ON (CLOSED)  OFF (OPEN)

VEE Vref

TL191 TWIN DUAL COMPLEMENTARY SPST SWITCH

schematic (each channel) symbol
VL  Vee
- | '_:[:}TO OTHER HALF a1
| o1 1s1i’i’- — o
I = = i | [,
s1

A&t _ 1> ’ 9) (8)
D2 2S1 ——— _— }—— 2D1

282 sl _+t|®© 202

4 s2
FUNCTION TABLE

) 0 Y INPUT SWITCHES

A SW1 sw2

L OFF (OPEN) ON (CLOSED)
L 9
3 :1: H ON (CLOSED)  OFF (OPEN)

° >
> } TO OTHER HALF
VEE Vref

{ip
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TL182, TL185, TL188, TL191
BI-MOS SWITCHES

functional block diagram

See the preceding two pages for operation of the switches.

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

Positive supply to negative supply voltage, VCC — VEE -+« -t vt vttt iiie i e i e 36 V
Positive supply voltage to either drain, VCC — VD -ttt oot e e e 33V
Drain to negative supply voltage, VD — VEE - .« o it it ittt e i e e 33V
Drain to source voltage, VD — VS . . . ..ot e +22V
Logic supply to negative supply voltage, VLL — VEE - -« ot e it it e e e e 36 V
Logic supply to logic input voltage, VIL — V| ... oot 33V
Logic supply to reference voltage, VI — Vyef .. ..o i 33V
Logic input to reference voltage, Vi — Vref . o« « v oo i it it e et 33V
Reference to negative supply voltage, Veef — VEE - - .« i iiii it 27V
Reference to logic input voltage, Vief — V. .ot v i e e
Current (any terminal) . . . ... .. e 30 mA
Operating free-air temperature range: TL182M, TL185M, TL188M, TL191M .... -55°C to 125°C
TL182I, TL185l, TL188I, TL1911 ... ... ... —25°C to 85°C
TL182C, TL185C, TL188C, TL191C ......... 0°C to 70°C
Storage temperature range . ... ... ... vttt e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . . ... ................ 260°C

{ip
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electrical characteristics, V¢ = 15V, VEE = =15V, Vi =5V, Vief = 0V

TLI_M TL1_ TLi_C
PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX MIN MAX
High-levei control
ViH ) TA = MIN TO MAX Vyef+2 Vyef+2 Vief+2 v
input voltage )
Low-level control
viL ) TA = MIN to MAX Vyef+0.8 Vief+0.8 Vyef +0.8 v
input voltage
High-level control Ta = 25°C 10 10 20
H . Vi=5V uA
input current Ta = MAX 20 20 20
Low-level control
m ) vi=0 TA = MIN to MAX -250 ~250 ~250 A
input current
] Vp = 10V, Vg = -10V, TA = 25°C 5 5
1D(off) Off-state drain current nA
ViH =2V, ViL =08V TA = MAX 100 100 100
Vp=-10V, Vg=10V, Tp = 26°C 5 5
1S(off) Off-state source current nA
VIH =2V, VL = 0.8V TA = MAX 100 100 100
On-state channel Vp=-10V, Vg=-10V, TaA = 25°C -10 -10
1D(on) +1S(on) - - - nA
leakage current VI =2V, VL = 0.8V TA = MAX -200 -200 -200
TL182,|] Ta = MIN to 25°C 75 100 100
Drain-to-source Vp=-10V, |Ig=1mA, |TL188 Ta = MAX 100 150 150 2
T
DS{on) on-state resistance ViH =2V, ViL = 0.8 V| TL185,] Ta = MIN to 25°C 125 150 150
TL191 Ta = MAX 250 300 300
Icc Supply current from Voo 1.5 1.5 1.5
I Supply current from V| -5 -5 -5
EE Ldald EE Both control inputs at O V Ta = 25°C mA
[T} Supply current from Vi 4.5 4.5 4.5
Iref Reference current -2 -2 -2
Icc Supply current from Voo 1.5 1.5 1.5
] Supply current from V| -5 -5 -5
EE a EE Both control inputs at 5 V Ta = 25°C mA
I Supply current from Vi 4.5 4.5 4.5
lref Reference current -2 -2 -2
switching characteristics, VCC = 10 V, VEE = —=20 V, VLL = 5V, Vyef =0V, TpA = 25°C
PARAMETER TEST CONDITIONS TL1_M TLI_| TL1_C UNIT
TYP TYP TYP
ton Turn-on time . 175 175 175
R = 300Q, Ci = 30pF, Figure1 ns
toff _ Turn-off time L L pro e 350 350 350

Data Acquisition Circuits S
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TL182, TL185, TL188, TL191
BI-MOS SWITCHES

PARAMETER MEASUREMENT INFORMATION

ViL=5V Vee=15V

| I
vg —S o7 o2

OUTPUT

l

= Vief =0 VEg=—-15V

Cy includes probe and jig capacitance
Vg =3V for tgn and ~3 V for toff
. Rt

Vo=Vs

RL +rDS(on)

TEST CIRCUIT

ty<10ns

o o o 3

NOTE: A. The solid waveform applies for TL185 and SW1 of TL185 and TL191; the dashed waveform applies for TL182 and SW2 of
TL185 and TL191.
B. V( is the steady-state output with the switch on. Feed through via the gate capacitance may resuit in spikes (not shown) at
the leading and trailing edges of the output waveform.

FIGURE 1. VOLTAGE WAVEFORMS

{i’
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TL500C THRU TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

D2477, DECEMBER 1979—REVISED DECEMBER 1986

TL500C/TL501C
ANALOG PROCESSORS

® True Differential Inputs
® Automatic Zero
® Automatic Polarity ‘g
® High Input Impedance . . . 109 Ohms g
Typically (&)
TL500C CAPABILITIES TL501C CAPABILITIES g
® Resolution . . . 14 Bits (with TL502C) ® Resolution . . . 10-13 Bits (with TL502C) :g
® Linearity Error . . . 0.001% ® Linearity Error . . . 0.01% g
® 4 1/2-Digit Readout Accuracy with External ® 3 1/2-Digit Readout Accuracy <
Precision Reference 8
a

TL502C/TL503C TL502C CAPABILITIES
DIGITAL PROCESSORS
® Compatible with Popular Seven-Segment

® Fast f)isplay Scan Rates i Common-Anode Displays

® Internal Oscillator May Be Driven or @ High-Sink-Current Segment Driver for Large
Free-Running Displays

¢ Interdigit Blanking TL503C CAPABILITIES

® Over-Range Blanking

® 4 1/2-Digit Display Circuitry ® Multiplexed BCD Outputs

@ High-Sink-Current Digit Driver for Large High-Sink-Current BCD Outputs

Displays

»

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

description

The TL500C and TL501C analog processors and TL502C and TL503C digital processors provide the basic
functions for a dual-slope-integrating analog-to-digital converter.

The TL500C and TL501C contain the necessary analog switches and decoding circuits, reference voltage
generator, buffer, integrator, and comparator. These devices may be controlled by the TL5602C, 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 TL603C has multiplexed BCD
outputs.

When used in complementary fashion, these devices form a system that features automatic zero-offset
compensation, true differential inputs, high input impedance, and capability for 4 1/2-digit accuracy.
Applications include the conversion of analog data from high-impedance sensors of pressure, temperature,
light, moisture, and position. Analog-to-digital-logic conversion provides display and control signals for
weight scales, industrial controllers, thermometers, light-level indicators, and many other applications.

PRODUCTION DATA documents contain information . Copyright © 1979, Texas Instruments Incorporated
currant as of publication date. Products conform to 0

specifications per the terms of Texas Instruments TEXAS

standard wm-ntJ. Production processing does not 2-71
necessarily include testing of all parameters. INSTRUMENTS
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TL500C THRU TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

principles of operation

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

2

nU) are shown below (see Figure 1).

-,

o Vitq

2 Vex = VeT - Charge "1
8 Rx Cx

5- Vref 12

= Vet = Vex— — Discharge (2)
g. Rx Cx

3 Combining equations 1 and 2 results in:

Q

= Vref t (3)
N

where:

Vet = Comparator (offset) threshold voltage

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-slop converter:
a. Accuracy is not dependent on absolute values of t1 and t2, but is dependent on their ratios. Long-
term clock frequency variations will not affect the accuracy.
b. Offset values, VCT, are not important.

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

auto-zero phase

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

integrate-input phase

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

{ip
272 Texas
INSTRUMENTS
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TL500C THRU TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

integrate-reference phase

At a BCD count of 39,999 + 1 = 40,000 or O, the integrate-input phase is terminated and the integrate-
reference phase is begun by sampling the comparator output. If the comparator output is low corresponding
to a negative average analog input voltage, the digital processor applies a low and a high to inputs A and
B, respectively, to apply the reference voltage stored on 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 400.

BCD COUNTER VALUES
20,000 30,000 0 20,000 30,000 20,000
1 1 1
| AUTO ZERO | INTEGRATE| INTEGRATE : i
| INPUT REFERENCE INPUT REFERENCE |

[
]
AUTO ZERO | INTEGRATE| INTEGRATE
|
|
|
|

|
Vipin1)> Vipin 2)
(POSITIVE ANALOG VOLTAGE)

INTEGRATOR *

|
|
|
|
|
OuUTPUT l

V(pin 1) < V(pi
(NEGAT'VE ANALOS VOLTAGE)

| [ 1
| : | | v
| | e — e e == V(pin 2)
i | i | | T o
|
\ ! | | I | !
| : | | | | |
| | | | | |
1 | | ! | |
COMPARATOR N | | | | | |
| | |
| ! |
! I T | | | | - 0 v|
! i ! P | : | I
. |
i | |
| i | ‘
CONTROL A | | { L ovl
| | !
| : | | ! | ! : :
: ! | | | i
, | P | |
CONTROL B : o] e oV
| | [ , | |
| | | [ | | l.
TRIGGER | I |
N'T CARE | DON'T CARE | |
( X e — v
7

*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

Cx

BUFFER
OUTPUT

INTEGRATOR
OUTPUT

—_—————n

COMPARATOR

| comparaToR |

S}N24I) uonisinboy ejeq

DIGITAL PROCESSOR

TL502 OR TL503 (See Note A)

N

—————————————-—-x

OSCILLATOR ¢
INPUT OSCILLATOR > BY —

T
[

DIVIDE 5CD
PcounTeR

2

I

17

Vee+

TRIGGER
INPUT
I (See Note B)

4 A aoutputs
(TL503C ONLY)

8 SEVEN-SEGMENT
OUTPUTS

(TL502C ONLY)

| s1 OUTPUT  INPUT -
BUFFER
ANALOG ¢ & A _q } ™ RecisTER
s2 INTEGRATOR |
ANALOG s4 > AA— l | 17
INPUT 2 < o0 | | SIGN
BIT
s3
(18) d LEVEL | »
SHIFTER | ! Rpie b— MULTIPLEXER
cz controLa |
a7 INPUT _ OUTPUT, 4
] NS¢ % A ANALOG SWITCH
LOGIC CONTROL CONTROL B
Cref INPUT _OUTPUT, L BCD
¢—————Lp| DRIVERS
| | '
REF IN S9 | ! | | L BCD-TO-SEVEN |
O AN . | | DIGIT-ENABLE | bg i i
reFour X REFERENCE | DRIVERS L _ | DECODER
- ,—Q VOLTAGE | | AND DRIVERS
| 5
»s | | | |
3
T I ——————lhed I GRS, D N —
ANALOG DIGITAL DIGIT-ENABLE COMMON
—AAN GROUND COMMON OUTPUTS
(D1 THRU D5)

NOTES: A. Pin 18 of the TL502 provides an output of fogc (oscillator frequency) + 20,000.

B. The trigger input assumes a high level if not externally connected.

FIGURE 2. BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER USING TL500C or TL501C and TL502C or TL503C

ANALOG CONTROLS ANALOG SWITCHES

MODE INPUT COMPARATOR A AND B CLOSED
Auto Zero X Oscillation LL $3, 54, 57, S9, §10
HoldT .
Integrate Positive H H H s1, 82
Input Negative L
Integrate N L¥ L H S3, S6, S7
Reference Hi L S3, S5, S8

H = High, L = low

, X = Irrelevant

1 I the trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal the digital processor

to continue or resume normal operation.

* This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase.

JE0S1L NYHL J00411L
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TL500C, TL501C
ANALOG PROCESSORS

description of analog processors J DUAL-IN-LINE PACKAGE
The TL500C and TL501C analog processors are (TOP VIEW)
designed to automatically compensate for ANALOG INPUT 1[]1 Uns 0 }CZ
internal zero offsets, integrate a differential ANALOG INPUT 22 17]]
voltage at the analog inputs, integrate a voltage REF OUTPUT[]3  16[] Vee+
at the reference input in the opposite direction, REF INPUT[J4  15[] BUFFER OUTPUT
and provide an indication of zero-voltage ANALOG GND []5 14[] INTEGRATOR INPUT
crossing. The external control mechanism may Cref+ []J6  13[]INTEGRATOR OUTPUT
be a microcomputer and software routing, Cref- [J7  120Vcc-
discrete logic, or a TLBO2C or TL503C controller,  CONTROL BINPUT[J&  11[] DIGITAL COMMON
The TL500C and TL501C are designed primarily ~ CONTROL AINPUT[]o _ 10[] COMPARATOR OUTPUT

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 TL500C provides 4-1/2-digit readout accuracy when used
with a precision external reference voltage. The TL501C 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 TL5600C and TL501C are intended for operation over
the temperature range of 0°C to 70°C.

schematics of inputs and outputs

CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT

| 200 pA | [ 100 pA l

OUTPUT
INPUT -
O
j I DIGITAL
D COMMON

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

Positive supply voltage, VCC+ (see Note 1). .. .. ... ... it +18 V
Negative supply VOAgE, VO G — - -+« + o ot et e e e e e e e e e -18V
Input voltage, V| .. ... e +Vce
Comparator output voltage range (see Note 2) . ........... ... .. ......uo.. OVtoVece+
Comparator output sink current (see Note 2) . ... ... .. ...t iiiiiinennnnnnn 20 mA
Buffer, reference, or integrator output source current (see Note 2) .. .................. 10 mA
Total dissipation at (or below) 25°C free-air temperature (see Note 3) . .............. 1025 mW
Operating free-air temperature range . . ... .. .........uuunanneeeneenn.n —-0°C to 70°C
Storage temperature range . . . .. ... vvvii et e ie e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for60seconds. ... .................. 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.
3. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Appendix A. TL5600C and TL501C chips
are glass mounted.
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TL500C, TL501C
ANALOG PROCESSORS

recommended operating conditions

N

S1No241) uonisinboy ejeq

MIN  NOM MAX UNIT

Positive supply voltage, VcC + 7 12 15 v
Negative supply voltage, Vcc — -9 -12 -15 \"
Reference input voltage, Vref(l) 0.1 5 \%
Analog input voltage, V| +5 A"
Differential analog input voltage, V|p 10 \
High-level input voltage, V|4 Control inputs 2 \
Low-level input voltage, V) Control inputs 0.8 v
Peak positive integrator output voltage, VoM + +9 \Y
Peak negative integrator output voltage, VoM — -5 \%
Full scale input voltage 2 Vief
Autozero and reference capacitors, Cz and Cyef 0.2 uF
Integrator capacitor, Cx 0.2 uF
Integrator resistor, Ry 15 100 kQ

. See
Integrator time constant, RxCx Note 4
Free-air operating temperature, Ta (o] 70 °C
Maximum conversion rate with TL5602 or TL503 3 12.5 |[conv/sec

system electrical characteristics at VCC+ = 12 V, Vyef = 1,000 £ 0.03 mV, TA = 25°C

(unless otherwise noted) (see Figure 3)

: TL501C TL500C

PARAMETER TEST CONDITIONS MIN_ TYP MAX | MIN _TYP MAX UNIT
Zero error 50 300 10 30 wV
Linearity error relative to full scale V= -2Vto2V 0.005 0.05 0.001 0.005 %FS
Full scale temperature coefficient Ta = 0°C to 70°C 6 6 ppm/°C
Temperature coefficient of zero error Ta = 0°Cto 70°C 4 1 uV/°C
Rollover errort 200 500 30 100 Y%
Equivalent peak-to-peak input noise voltage 20 20 wv
Analog input resistance Pin 1 or 2 109 109 Q
Common-mode rejection ratio Vic=-1Vto +1V 86 90 dB
Current into analog input Vi = %5V 50 50 pA
Supply voltage rejection ratio 90 90 dB

tRollover error is the voltage difference between the conversion results of the full-scale positive 2 volts and the full-scale negative 2 volts.

NOTE 4. The minimum integrator time constant may be found by use of the following formula:

- V|p (full scale) tq
Minimum RxCx =Im

where
Vip = voltage at pin with respect to pin 2
Vi{pin 2) = voltage at pin 2 with respect to analog ground
t1 = input integration time seconds
2-76 XAS I'u
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TL500C, TL501C
ANALOG PROCESSORS

electrical characteristics at VeC+ = 12V, Vyef = 1V, TA = 25°C (see Figure 3)

integrator and buffer operational amplifiers

[\

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vio Input offset voltage 15 mV
s Input bias current 50 pA ‘g
VoM + Positive output voltage swing 9 1 \Y 3
VoM - Negative output voltage swing -5 -7 \% g
Ayp Voltage amplification 110 dB (&]
Bq Unity-gain bandwidth 3 MHz [l
CMRR Common mode rejection Vic=-1Vto +1V 100 dB -9
SR Output slew rate 5 Vips ‘B
S
comparator (e d
Q
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT <
Vio Input offset voltage 15 mV ©
hg Input bias current 50 pA "6
AVD Voltage amplification 100 dB o
VoL Low-level output voltage oL = 1.6 mA 200 400 | mV
loH High-level output current Vo4 =3V 5 20 nA
voltage reference output
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vref(0) Reference voltage 112 1.22 1.32 \2
Reference-volitage
TA = 0°C to 70° 80 °
“vref temperature coefficient A to ¢ ppm/°C
o Reference output resistance 3 Q
logic control section
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
hH High-level input current VIH=2V 1 10 rA
L Low-level input current Vi =08V -40 -300 A
total device
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
lcc+ Positive supply current 15 20 mA
Ilcc- Negative supply current 12 18 mA
T *IP
EXAS 2-77
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TL500C, TL501C
ANALOG PROCESSORS

PARAMETER MEASUREMENT INFORMATION

12v —12v 5V
2 (16)l (12) 2
Vees Vee— ke
- 100ke (1) COMPARATOR (10)
E PRECISION i ANALOG ouTPUT ' MPU
8 VOLTAGE 100ke (2] £ \nPUTS (9) LoGIC
o - SOURCE CONTROL A CONTROLLER
> Vryef = (See Note C)
5 T 1,000 :0.03 mV | ger controL & 12
a = @] inpuT
c of
g. Cref=1uF Lo | “ref* BUFFER | (15 @
5 (See Note D) (6) c OUTPUT 3 o 27ka :: =100 ms
3 ref— 4 Rx= om
(18) INTEGRATOR |(14) Vipis, t

¢ _ YiD{ull scale)t1
(2] cz=1uf L |72 INPUT . RXCX = Vom—VipiN 2]
= (see Note D) Cx=1up
o I c INTEGRATOR | T
< anj 2 output [Ti3r  (seeNote D)
7 ANALOG DIGITAL

GND COMMON
(5) (11)

DIGITAL COMMON

NOTES: C. Tests are started approximately 5 seconds after power-on.
D. Capacitors used are TRW’s X363UW polypropylene or equivalent for Cx, Cef, and Cz; however for Cyef and Cz film-dielectric
capacitors may be substituted.

FIGURE 3. TEST CIRCUIT CONFIGURATION

external-component selection guide

The autozero capacitor Cz and reference capacitor Cref should be within the recommended range of

- operating conditions and should have low-leakage characteristics. Most film-dielectric capacitors and some
tantalum capacitors provide acceptable results. Ceramic and aluminum capacitors are not recommended
because of their relatively high-leakage characteristics.

The integrator capacitor Cx should also be within the recommended range and must have good voltage
linearity and low dielectric absorption. A polypropylene-dielectric capacitor similar to TRW's X363UW is
recommended for 4-1/2-digit accuracy. For 3-1/2-digit applications, polyester, polycarbonate, and other
film dielectrics are usually suitable. Ceramic and electrolytic capacitors are not recommended.

Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6,
13, 1, 2, 15) must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed
at the package, for example, by a 0.01-uF ceramic capacitor.

Analog and digital common are internally isolated and may be at different potentials. Digital common can
be within 4 volts 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:

V|p (full scale) tq

Minimum RXCX = o T Viipin2)

where:

V|p(full scale) = Voltage on pin 1 with respect to pin 2
t1 = Input integration time in seconds
Vi(pin 2) = Voltage on pin 2 with resepct to analog ground

2-78 Texas {l’
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TL502C, TL503C
DIGITAL PROCESSORS

TL502 . . . N DUAL-IN-LINE PACKAGE

description of digital processors
(TOP VIEW)

The TL502C and TL503C are control logic

devices designed to complement the TL500C CONTROL B OUTPUT [ vee 2
D1 (LsB) ]2 CONTROL A OUTPUT
and TL501C analog processors. They feature DIGIT b2 3 20,0007
!nterdlglt b}anking, over-range blanking, an ENABLE p3[a OSCILLATOR INPUT »
internal oscillator, and a fast display scan rate. OUTPUTS pa[]s TRIGGER -
The internal-oscillator input is a Schmitt trigger D5 (msB)t [Je COMPARATOR INPUT 8
circuit that can be driven by an external clock 7-SEGMENT ("A[7 G =
pulse or provide its own time base with the DRIVER B[]s F 7-SEGMENT (&)
addition of a capacitor. The typical oscillator OUTPUTS ce E o%?;/jss c
frequency is 120 kHz with a 470-picofarad DIGITAL COMMON [J10 D .2
capacitor connected between the oscillator input ‘B
and ground. . ‘5
The TL502C provides seven-segment-display TLS03 . N(:g:b:':vt:m PACKAGE g
output drivers capable of sinking 100 <
milliamperes and compatible with popular conTroL 8 ouTpuT [f1 Uis[dvee ©
common-anode displays. The TL503C has four D1 (sBIJ2  1sJCONTROL A OUTPUT ®
BCD output drivers capable of 100-milliampere DiGIT p2[Js  14[J OSCILLATOR INPUT o
sink currents. The code (see next page and ENABLE p3[Js  13lJTRIGGER
" A . OUTPUTS D4[]s 12| JCOMPARATOR INPUT
Figure 4) for each digit is multiplexed to the *E
output drivers in phase with a pulse on the DS (MSBI*LIs 11 303
appropriate digit-enable line at a digit rate equal Qo7 ropa,
.. . DIGITAL COMMON [ |8 91 101
to fogsc. divided by 200. Each digit-enable output
is capable of sinking 20-milliamperes. T Pin 18 of TL502 provides an output of fogc (oscillator frequencies)
. . . e 3,
The co":‘pa.r ator input of each device, in addlt_lon tD?.Ef,)'t(:::zor;nost significant bit, is also the sign bit.
to monitoring the output of the zero-crossing
detector in the analog processor, may be used
in the display test mode to check for wiring and
display faults. A high logic level (2 to 6.5 volts)
at the trigger input with the comparator input at
or below 6.5 volts starts the integrate-input
phase. Voltage levels equal to or greater than 7.9
volts on both the trigger and comparator inputs
clear the system and set the BCD counter to
20,000. When normal operation resumes, the
conversion cycle is restarted at the auto zero
phase.
These devices are manufactured using 12L and
bipolar techniques. The TL502C and TL503C are
intended for operation from 0°C to 70°C.
TABLE OF SPECIAL FUNCTIONS
Vee = 5V £10%
TRIGGER COMPARATOR FUNCTION
INPUT INPUT

Vl|sO.8 \% V|<6.5 V Hold at auto-zero cycle after completion of conversion

2V=V|<6.5V V|<6.5V Normal operation (continuous conversion)

V|=6.5V Vi=7.9 v Display Test: All BCD outputs high

Viz7.9 VvV Vi<6.5V Internal Test

Both inputs to go V|=7.9 V System clear: Sets BCD counter to 20,000.

simultaneously When normal operation is resumed, cycle begins with Auto Zero.

s
Texas 2-79

INSTRUMENTS

POST OFFICE BOX 655012 & DALLAS, TEXAS 75265



s1n241) uonisinboy eieq MLN

TL602C, TL503C
DIGITAL PROCESSORS

DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES

TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES
CHARACT! Q Q2 1
ER 1A B c D E F G 3 a a0
8 4 2 1
¥ H Gl 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 a3 a2 01 Qo
A B c D E F G 8 a 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
-Vee Vec———
25kQ DISPLAY 750 @
--TEST OR
R ], ) OUTPUT
25kQ 35k CLEAR ==
e, P —_,
od
INPUT — a4 5kQ 1k
%)
1 ' ~COMMON  }¢oMmMON- —
P
CONTROL A AND B OUTPUTS DIGIT-ENABLE OUTPUTS
Vee———
Vee- — cc
1kQ
16.8 k2 10k OUTPUT
1 . 1k —o
OUTPUT
4.4kQ 5kQ
) 1 1k
COMMON P COMMON-~— — i
*Shorted on TL503C

2-80.
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TL602C, TL503C
DIGITAL PROCESSORS

absolute maximum ratings

Supply voltage, V¢ (see Note 5) 7 v
Oscillator 5.5
Input voltage, V| \
P 9 ! Comparator or Trigger 9
BCD or Segment drivers 120
Output current Digit-enable outputs 40 mA
Pin 18 (TLC502 only) 20
Total power dissipation at (or below) 30°C free-air temperature (see Note 6) 1100 mwW
Operating free-air temperature range 0 to 70 °C
Storage temperature range —65 to 150 °C
Lead temperaturee 1,6 mm (1/16 inch) from case for 10 seconds 260 °c
NOTES: 5. Voltage values are with respect to the network ground terminal.
6. For operation above 30°C free-air temperature, derate linearly at the rate of 9.2 mW/°C.
recommended operating conditions
MIN NOM MAX | UNIT
Supply voltage, Vcc 4.5 5 5.5 \"
High-level input voltage, V|4 Comparator and trigger inputs 2 \"
Low-level input voltage, Vj_ Comparator and trigger inputs 0.8 \%
Operating free-air temperature o 70 °C
i
I EXAS b 2-81
NSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265

Data Acquisition Circuits [\



28T

SININNHISN

@ SVAL

S9Z9L SVX3L 'SY1IVA « Z10SS9 X08 301440 LSOd

s3Inoa1) uonisinboy eieq M\S)

electrical characteristics at 25°C free-air temperature

J€0411L ‘220511

$40SS3204d 1v1i91d

TL502C TL503C
PARAMETER TERMINAL TEST CONDITIONS NIT
MIN TYP MAX| MIN TYP MAX Y
VIK Input clamp voltage All inputs Vece = 4.5V, lj = —12 mA -0.8 -1.5 -0.8 -1.5 \
Positive-going input
VT4 threshoi:vo;‘:ag: Oscillator Veg = 5V 1.5 1.5 v
Negative-going input .
Vro thr:shomion:gep Oscillator Vee = BV 0.9 0.9 v
VT4 — VT Hysteresis Oscillator Vcg =5V 0.4 0.6 0.8 0.4 0.6 0.8
Input current at
IT+ positive-going input Oscillator Vec =5V -40 -94 -170] -40. -94 -170 | pA

threshold voitage

Input current at
[ negative-going input Oscillator Vec =5V 40 117 170 40 117 170 uA
threshold voltage

Digit enable 4.15 4.4 4.15 4.4
VOH High-level output voltage Pin 18 (TL502C only)] Vcc = 4.5V, loH =0 4.25 4.4 \
Control A and B 4.25 4.4 4.25 4.4
Digit enable loL = 20 mA 0.2 0.5
Pin 18 (TL502C only) loL = 10 mA 0.15 0.4
VoL Low-level output voltage Control A and B Ve = 45V loL = 2mA 0.088 0.4 0.088 0.4 \
: Segment drivers loL = 100 mA 0.17 0.3
BCD drivers loL = 100 mA 0.17 0.3
Comparator, Trigger 65 100 65 100 pA
I Input t V, =55V, V| =565V
! neut curren Oscillator cc ! 1 1] mA
| . Comparator, Trigger -0.6 -1 -0.6 -1
High- | t t \7 =55V, Vi =24V A
IH igh-level input curren’ Oscillator cC | o5 Y m
Oscillator -0.1 -0.17 -0.1 -0.17
Low-level input volt: Vee = 5.5V, Vp =04V A
i W-level input voltage Comparator, Trigger cc ! -1 -1.6 -1 -1.6 m
Digit enable Vo = 0.5V, ~2.5 -4 -25 -4
High-level output current Pin 18 (TL502C only) Vg = 0.5V -0.5 -0.9
IoH (Ogt . ans_:w ) Control A and B Vec =45V [Vo =05V |-025 -04 —025 -04 mA
Htput transistor Segment drivers Vo =55V ) 0.25
BCD drivers Vg = 6.5V 0.25
Low-level output t
loL OW-IeVe] uTPUL GUITENT 1 it enable Vec =45V, Vg =355V 18 23 mA

(Output transistor on)

Icc Supply current Vce Vee =55V 73 110 73 110 | mA




TL602C, TL503C

DIGITAL PROCESSORS

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
| Input current into Vecc =55V, V| =855V 1.2 1.8 mA 2
! comparator or trigger inputs Vce =55V, V| =625V 0.5 | mA
tThe comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions. 3
'S5
(3]
-~
TYPICAL APPLICATION DATA o
[=
(=]
| —
l -
D1 —
—e»| bm— 16.7 us (see Note E) 'g
a—316.7 us—o{ | =
| o
I <
D2 : S
1]
(=]
D3
D4
D5

T

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

‘Qi’
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TL505C
ANALOG-TO-DIGITAL CONVERTER

D2366, OCTOBER 1977 —REVISED SEPTEMBER 1986

® 3-Digit Accuracy (0.1%) N DUAL-IN-LINE PACKAGE
(TOP VIEW)

® 10-Bit Resolution

. vee 1 Y[ zero cap 2
® Automatic Zero ANALOG IN (]2 13[] zero cAP 1
® Internal Reference Voltage REF OUT [(J3  12[] INTEG RES

. ] REFIN[Ja  11[JINTEG IN
® Single-Supply Operation GND s 10[] INTEG ouT
® High-Impedance MOS Input BIN[]s 9l ] GND
AIN[]7 8] | COMP OUT

® Designed for Use with TMS1000 Type

Microprocessors for Cost-Effective
High-Volume Applications

® BI-MOS Technology
® Only 40 mW Typical Power Consumption

Data Acquisition Circuits [\

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

description

The TL505C is an analog-to-digital converter building block designed for use with TMS1000 type
microprocessors. It contains the analog elements (operational amplifier, comparator, voltage reference,
analog switches, and switch drivers) necessary for a unipolar automatic-zeroing dual-slope converter. The
logic for the dual-slope conversion can be performed by the associated MPU as a software routine or it
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 0°C to 70°C.

PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated

::Zﬁﬂ'.f; :'si of puhlit:ztiotn date. 'Pgli_rductsl c:‘nform :: TE ¢
ons per the terms of Texas Instrumen XAS
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TL505C
ANALOG-TO-DIGITAL CONVERTER

functional block diagram

LA
(1) gl‘rm V%:_QL____

LOGIC DECODE —¢ B
AND 17
SWITCH DRIVERS }—O A

VOLTAGE
REFERENCE

FULL-SCALE (5) (9)
ADJUST =

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) . . .. ..ot i e e e 18V
Input voltage, pins 2, 4, 6, and 7 . . . ... e Vce
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 875 mW
Operating free-air temperature range . . .. .. ...ttt 0°C to 70°C
Storage temperature range . . ... ... ..v et ti ittt e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . .. .................. 260°C

NOTES: 1. Voltage values are with respect to the two ground terminals connected together.
2. For operation above 25°C free-air temperature, derate linearly to 560 mW at 70°C at the rate of 7.0 mW/°C.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Voo 7 9 15 \%
Analog input voltage, V| (o] 4 \
Reference input voltage, Vyef(l) 0.5 3 \"
High-level input voltage at A or B, V| 3.6 Vee+1 \
Low-level input voltage at A or B, Vi 0.2 1.8 \
Integrator capacitor, Cx See ‘‘component selection’’
Integrator resistor, Ry 0.5 2 MQ
Integration time, tq 16.6 500 | ms
Operating free-air temperature, T 0 70 °C

EXAS {'P
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TL505C
ANALOG-TO-DIGITAL CONVERTER

electrical characteristics, VCC = 9V, Vref(l]) = 1V, TA = 25°C, connected as shown in Figure 1

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VoH High-level output voltage at pin 8 loH =0 7.5 8.5 \% 2
IoH High-level output current at pin 8 VoH = 7.6V -100 A
VoL Low-level output voltage at pin 8 loL = 1.6 mA 200 400 mV 3
Maximum peak output voltage 'S
Vi Rx = 500 kQ Vee—-2 Vee-1 \Y
oM swing at integrator output X cc cc 2
Vief(0) Reference output voltage Iref = —100 pA 1.185 1.22 1.35 \2 6
T t fficient of
aVref emperature coefficient o TA ~ 0°C to 70°C +100 ppm/°C :
reference output voltage [=]
H High-level input current into A or B Vi=9V 1 10| wA s
e Low-level input current into A or B Vi=1V 10 200 pA 2
Iy Current into analog input Vi=0to4V, Ainput at 0 V +10 +£200 pA g-
B Total integrator input bias current +10 pA Q
Icc Supply current No load 4.5 8 mA <
1]
- - 0 - -
system electrical characteristics, VCC = 9 V, Vref(l) = 1V, TA = 25°C, connected as shown in @
Figure 1 (unless otherwise noted) =
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Zero error V) =0 0.1 0.4 mV
Linearity error Vi=0to4V 0.02 0.1 %FS
Ratiometric reading Vi = Vief() = 1V 0.998 1.000 1.002
T t fficient of V tant and = 1V,
efnpera .ure cer icient o ref(l) constant ani £10 ppm/°C
ratiometric reading Ta = 0°C to 70°C
DEFINITION OF TERMS
Zero Error
The intercept (b) of the anolog-to-digital converter system transfer function y = mx + b, where y is the
digital output, x is the analog input, and m is the slope of the transfer function, which is approximated
by the ratiometric reading.
Linearity Error
The maximum magnitude of the deviation from a straight line between the end points of the transfer function.
Ratiometric Reading
The ratio of negative integration time (t2) to positive time (t1).
Exas W
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TL505C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION

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

Vee

S1In2419) uonisinboy ejeq H

N
mPU
CONTROLLER
1 uF A7)
:
avaoe™ s3] s voLTace | [ LOGIC DECODE A
REFERENCE AND B J(6)
INPUT (20 SWITCH DRIVERS [~ 8
|

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

FUNCTION TABLE

A—— ] 1 CONTROLS ANALOG
| A B SWITCHES CLOSED
B | : L L S1, S2
| H H s3
L H 1,54

H=VH L=V

INTEGRATOR
OUTPUT

“Covreor mmmmmmmml

V1=V2-V3=V]+VQ(ofs)

FIGURE 2. CONVERSION PROCESS TIMING DIAGRAMS

.,
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TL505C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION

The first step of the conversion cycle is the auto-zero period tg during which the integrator offset is stored
in the auto-zero capacitor and the offset of the comparator is stored in the integrator capacitor. To
accomplish this, the MPU takes the A and B inputs both low. This is decoded by the switch drivers, which
close S1 and S2. The output of the comparator is connected to the input of the integrator through the
low-pass filter consisting of Rz and Cz. The closed loop of A1 and A2 will seek a null condition where
the offsets of the integrator and comparator are stored in Cz and Cx, respectively. This null condition
is characterized by a high-frequency oscillation at the output of the comparator. The purpose of S2B is
to shorten the amount of time required to reach the null condition.

At the conclusion of tg, the MPU takes the A and B inputs both high closing S3 and opening all other
switches. The input signal V| is applied to the noninverting input of A1 through Cz. V| is then positively
integrated by A1. Since the offset of A1 is stored in Cz, the change in voltage across Cx will be due to
only the input voltage. It should be noted that since the input is integrated in a positive integration during
t1, the output of A1 will be the sum of the input voltage, the integral of the input voltage, and the comparator
offset, as shown in Figure 2. The change in voltage across capacitor Cx (Vcx) during t1 is given by

Vitq (1)
R1Cx

AVeX(1) =
where R1 = Rx + Rg3p and
Rs3B is the resistance of switch S3B.
At the end of t1, the MPU takes the A input low and the B input high closing S1 and S4 and opening
all other switches. In this state, the reference is integrated by A1 in a negative sense until the integrator
output reaches the comparator threshold. At this point, the comparator output goes high. This change

in state is sensed by the MPU, which terminates t2 by again taking the A and B inputs both low. During
t2, the change in voltage across Cx is given by

Vreftz (2)

AVCX(2) = R2Cx

where Ry = Rx.+ Rs4 + Rref and

Rref is the equivalent resistance of the reference divider.

Since AVCcX1 = —AV(CX2, equations (1) and (2) can be combined to give

Rq + t2 (3)
Vi= Viet g3y

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

t2 (4)
VI = Vyef I

Ideally then, the ratio of R1/R2 would be exactly equal to one. In a typical TL605C system where
Rx = 1 MQ, the scaling error introduced by the difference in R1 and R2 is so small that it can be neglected
and equation (3) reduces to (4).
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TL505C

ANALOG-TO-DIGITAL CONVERTER

TYPICAL APPLICATION DATA

SEGMENT

DRIVE
DIGIT

9V
- ke 511 |
g ANALOG
| SIGNAL OUT
& INPUT comp K(X)
> SEE NOTE 3
_8 c _D TL505 é TMS1000
z 10
g_ T ke 3en SERIES
2.
5 LOGIC -
S N CONTROL
REF R9
Q ouT LINES
5
o
c FULL-SCALE _I_
& ADJUST = = =

DRIVE

LIl

I

TIL312 LED
DISPLAYS

NOTE 3: Connect to either 9 V or 0 V depending on which device in the TMS1000 series is used and how it is programmed.

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

2V 5v
I - TIS91
10 )
569 1N914 Veo ]1N9 —
WA
TK2 | ANALOG  comp COMP/LAMP
b3 INPUT TEST D1
FROM 05 I: out Y — A 9
AUDIO 80 N REF a8 ¢
SYSTEM uF oscC e
TL505 470 pF | INPUT d
T TLs02 ¢
»—o GND L b
b4 Ml = .
— > 2 2 o <O
e Bha Ba$32223
(ALL)§ 1 9
Rx1/Cx1
6.8 uF
/I\—sz 0.22 a b ¢c d ef g DID2
F
Cx2 [ T w SEGMENT
GND GND TIL807
L ° |
L
FIGURE 4. AUDIO PEAK POWER METER
2-90 Texas b
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

D2503, OCTOBER 1979—REVISED SEPTEMBER 1986

Low Cost

P DUAL-IN-LINE PACKAGE

)
TOP VIEW!
® 7-Bit Resolution ! !
° G . eNABLE [J1 U 8] RESET 2
uaranteed Monotonicity CLK Ez 70 Veea
® Ratiometric Conversion GND []3 6[1Vcer ®
. OUTPUT [J4 5[] ANALOG INPUT -
® Conversion Speed . . . Approximately 1 ms 5
- . . Q
® Single-Supply Operation . . . Either FUNCTION TABLE =
Unregulated 8-V to 18-V (Vgc2 Input), or (8]
Regulated 3.5-V to 6-V (Vg1 Input) ANALOG ENABLE OUTPUT g
e 12L Technolo INPUT CONDITION 0O
9 X Lt H 5
® Power Consumption at 5V ... 25 mW Typ V| < 200 mV H L ]
) 2 \" H H [=2
® Regulated 5.5-V Output (<1 mA) Vramp > V| > 200 m 1]
i Vi > Viamp H L <
description
. . tLow level on enable also inhibits the reset function. 3
The TL507 is a low-cost single-slope analog- H = high level, L = low level, X = irrelevant ©
to-digital converter designed to convert analog X X . (a]
input voltages between 0.25 V, and 0.75 A high level on the reset pin clears the counter to zero, which sets
P . 9 L cC1 : the internal ramp to 0.75 V. Internal pull down resistors keep
Vcet into a pulse-width-modulated output the reset and enable pins low when not connected.
code. It contains a 7-bit synchronous counter,
a binary weighted resistor ladder network, an operational amplifier, two comparators, a buffer amplifier,
an internal regulator, and necessary logic circuitry. Integrated-injection logic (I2L) technology makes it
possible to offer this complex circuit at low cost in a small dual-in-line 8-pin package.
In continuous operation, it is possible to obtain conversion speeds up to 1000 per second. The TL507
requires external signals for clock, reset, and enable. Versatility and simplicity of operation, coupled with
low cost, make this converter especially useful for a wide variety of applications.
The TL507C is characterized for operation from 0°C to 70°C, and the TL507l is characterized for operation
from —40°C to 85°C.
functional block diagram (positive logic)
COMPARATOR 2
ANALOG (5)
INPUT
OUTPUT
CTR R
MSB
@ 2R
@ N COMPARATOR 1
CLK—0 o—ap>+ QA4
8 : A /
(8) VVV—
RESET- ) R N NNN REGULATOR
ENABLE LsB o 64R n
Vee2
0.25 Vce1 (6)
Veer
| (3)
GND
Qindicates an n-p-n open-collector output.
PRODUCTION DATA documents contain information Copyright © 1979, Texas Instruments Incorporated
current as of publication date. Products conform to ¢
ifications per the tarms of Texas Instruments EXAS 2.91
andard warranty. Production processing does not lNSTRUM EN-I-S .

necessarily include testing of a|| parameters.
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

schematics of inputs and outputs

EQUIVALENT OF ENABLE EQUIVALENT OF CLOCK EQUIVALENT OF ANALOG
AND RESET INPUTS INPUT INPUT
Veet -——
75k _ 100 @
75k — NOM NOM
NO R INPUT INPUT
INPUT
¢ - -
CONSTANT)
CURRENT
~ 10 A
/77
OUTPUT

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

Supply voltage, VCC1 (s€e Note 1) ... .. ottt e e 6.5V
Supply Voltage, VG2 - -« « e e 20V
Input voltage at analog iNPUL . . . .. ...ttt i e e e e 6.5V
Input voltage at enable, clock, and resetinputs .. ......... ... ... ... ... +20V
On-state output VOItage . . . .. . ..ottt e e 6V
Off-state OULPUL VOItAgE . . . . . . ittt et i et it e e e et e 20V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)........ 725 mW
Operating free-air temperature range: TL5071 ........... .. ... ... ........ —40°C to 85°C

TLBO7C . . oo —-0°C to 70°C
Storage temperature range . ... .. ... ...ouuutte ettt —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . .. .................. 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, refer to Dissipation Derating Curves, Appendix A.

j
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc1 3.5 5 6 \%
Supply voltage, Vcc2 8 15 18 \) 2
Input voltage at analog input [0] 5.5 Vv
Input voltage at chip enable, clock, and reset inputs +18 \ 3
High-level input voltage, V|H, reset and enable 2 \ 5
Low-level input voltage, V|, reset and enable 0.8 \ 2
On-state output voltage 5.5 \% 6
Off-state output voltage 18 v c
Clock frequency, fglock 4] 125 150 kHz =]
electrical characteristics over recommended operating free-air temperature range, QL
Vce1 = Vee2 = 5V (unless otherwise noted) g.
regulator section 2
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT S
Vcei Supply voltage (output) Vcc2 = 10to 18V, Icc1 = 0to -1 mA 5 5.5 6 \ ©
lcc1  Supply current Vec1 =5V, Vce2 open 5 8 mA (a]
lcc2  Supply current Veez = 15V, Vet open 7 10 mA
inputs
PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
V14+ Positive-going threshold voltage§ 4.5 \
VT1_ Negative-going threshold valtage§ Clock Input 0.4 v
Vhys Hysteresis (VT4 — V1) 2 2.6 4 \
iH High-level input current Vi=24V 17 35 pA
Reset, Enable, and Clock Vi =18V 130 220 320
IiL Low-level input current Vi =0 10 WA
[] Analog input current V=4V 10 300 nA
output section
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
I0H High-level output current VoH = 18 V 0.1 100 A
loL Low-level output current VoL = 5.5V 5 10 15 mA
VoL  Low-level output voltage lop = 1.6 mA 80 400 mV
operating characteristics over recommended operating free-air temperature range,
Vece1 = Veec2 = 5.12V
PARAMETER TEST CONDITIONS MIN  TYP! MAX | UNIT
Overall error +80 mV
Differential nonlinearity See Figure 1 +20 mV
Zero error Binary count = O +80 mV
Scale error Binary count = 127 +80 mV
Full scale input voltage § Binary count = 127 3.74 3.82 3.9 \Y
Propagation delay time from reset or enable 2 us
t All typical values are at Ta = 25°C.
8 These parameters are linear functions of Veel-
i
’J 2-93
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

definitions
zero error

The absolute value of the difference between the actual analog voltage at the 01H-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.

PARAMETER MEASUREMENT INFORMATION

siN2J1) uonisinbay eleqg H

SN74191
——d> CLOCK
ouTPUTS|—%
— DOWN/UP
ANALOG DEVICES
SN74191 ADS63
RIPPLE (or equivalent) 5kQ TEST
CLOCK VW~ POINT
BITS 9-12
o> cLoCK . Lot TLS07
ouTPUTS}— BiITs58 DAC -
¢— DOWN/UP out ANALOG
* INPUT
BrTs 14 + OUTPUT
SINGLE |
cLock ——> cLock
L PULSE
SN74191
RIPPLE
cLOCK
100 kHz
CLOCK o> cLock
INPUT OUTPUTS |—%
¢—{pown/UP
FIGURE 1. MONOTONICITY AND NONLINEARITY TEST CIRCUIT
Texas W
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION

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

An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary-
weighted resistors from the counter are connected to an operational amplifier used as an adder. The
operational amplifier generates a signal that ramps from 0.75 « Vcc1 down t0 0.25 « Vo 1. Comparator 1
compares the ramp signal to the analog input signal. Comparator 2 functions as a fault defector. With
the analog input voltage in the range 0.25 « Vcc1 to 0.75 « V1, the duty cycle of the output signal
is determined by the unknown analog input as shown in Figure 2 and the Function Table.

For illustration assume Vcct = 5.12 V,

1.28 Vv

(0.75 — 0.25) Vce1

1 binary count = 128 = 20 mV

0.25 - Vce1

[l

0.75 « Vcc1 — 1 count = 3.82 V

The output is an open-collector n-p-n transistor capable of withstanding up to 18 volts in the off state.
The output is current limited to the 8- to 12-milliampere range; however, care must be taken to ensure
that the output does not exceed 5.5 volts in the on state.

The voltage regulator section allows operation from either an unregulated 8- to 18-volt Vcc2 source or
a regulated 3.5- to 6-volt Vcc 1 source. Regardless of which external power source is used, the internal
circuitry operates at VCC1. When operating from a V1 source, VCC2 may be connected to Vg1 or
left open. When operating from a V2 source, VCC1 can be used as a reference voltage output.

— ANALOG INPUT

RAMP INPUT TO LEVEL1

COMPARATOR 1

OUTPUT FOR
INPUT LEVEL 1
OUTPUT FOR
INPUT LEVEL 2

FIGURE 2

— ANALOG INPUT
LEVEL 2
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

D2161, JUNE 1976—REVISED OCTOBER 1986

Switches * 10-V Analog Signals
TTL Logic Capability

5- to 30-V Supply Ranges

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

8-Pin Functions

description

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

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

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

The TL601M, TL604M, TL607M, and TL610M
are characterized for operation over the full
military temperature range of —55°C to 125°C,
the TL6011, TL604I, TL6071, and TL610I are
characterized for operation from —25°C to
85°C, and the TL601C, TL604C, TL607C, and
TL610C are characterized for operation from
0°C to 70°C.

P PACKAGE
(TOP VIEW)

TL601

oo Ny ™

1
2
3
4

vVee +
] s2
] s1

Vee -

GND

s1 (]
s2

Vee+
] 51
[]s2
[ vee -

GND
AQ
ENABLE [}

s

vee +
[ s2

] s1
[ vee -

GND
8 [

TYPICAL OF
ALL INPUTS

TYPICAL OF
ALL SWITCHES

Vee—
_l —»-Vee+

Vce-

N
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current as of publication date. Products conform to
specifications per the terms of Texas Instruments
Production p ing does not
necessarily include testing of all parameters.
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

logic symbolst and switch diagrams

TL601
gy 18 g,
A2 & L TL602
X1 . 4]
B (3) - (7)sz A2 5 X1 0 s24 6) g
@ Nl 1 ﬁoi—’s1 $1 ﬂoﬁ 1 1 h-4>ﬂ'-s1
' THeZs2 s2 87 TFer-&s2
FUNCTION TABLE FUNCTION TABLE
LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH
A B s1 s2 . A s1 s2
1 X OFF (OPEN) ON (CLOSED) H ON (CLOSED) OFF (OPEN)
X L OFF (OPEN) ON (CLOSED) L OFF (OPEN) ON (CLOSED)
H H ON (CLOSED) OFF (OPEN)
TL6O7 (6) g4 TL610
& -
enaBLe 8L Ja3 sé , A——‘z) sW 8
A2 __lax, 0, ® LLFY) P x1
@ Nl 1 —4»— 51 (7)
s " e 52 N n n_
1 ) 7 ; ls
FUNCTION TABLE FUNCTION TABLE
INPUTS ANALOG SWITCH INPUTS ANALOG SWITCH
A ENABLE s1 s2 A B C s
X L OFF (OPEN)  OFF (OPEN) L. X X OFF (OPEN)
L H OFF (OPEN)  ON (CLOSED) X L X OFF (OPEN)
H H ON (CLOSED) OFF (OPEN) X X L OFF (OPEN)
H H _H ON (CLOSED)
TThese symbols are in accordance with ANSI/IEEE Std 91-1984.
TL607 logic diagram (positive logic)
(3)
ENABLE
s 8 o,
2 ¢ J }
=l 4
A [/ ) PR/
s
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

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

Supply voltage, VCC+ (see Note 1) .. .. ... ... 30V
SUPPlY VOIAGE, VO = - - o e ittt et e e -30V 2
Vce + to Voo - supply voltage differential .. ... ... o 35V
Control input voltage . ... ... ... .. ... vee +
Switch off-state voltage . ... .. ... ... e 30V :_f_-’
SWItCh ON-State CUITENT . . . . . . .. e e e e e e e 10 mA =3
Operating free-air temperature range: TL601M, TL604M, TL60O7M, TL610M . ... ~55°C to 125°C g
TL601l, TL604I, TL6O7I, TL61OI ... ...... —25°C to 85°C [&]
TL601C, TL604C, TL607C, TL610OC ... ...... 0°C to 70°C ]
Storage tEMPErature range . . .. ... ...t iunmm et -65°C to 1560°C o
Lead temperature (1,6 mm) 1/16 inch from case for 60 seconds: JG package . . .......... 300°C ‘B
Lead temperature (1,6 mm) 1/16 inch from case for 10 seconds: P package . ... ......... 260°C 5
NOTE 1: All voltage values are with respect to network ground terminal. g
g
recommended operating conditions 8
TL601M, TL604M TL6011, TLE04I TL601C, TL604C g
TL607M, TL610M | TL607I, TL610I TL607C, TL610C | UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc + (see Figure 1) 5 10 25 5 10 25 5 10 25 A\
Supply voltage, Vcc — (see Figure 1) -5 -20 -25 -5 -20 -25 -5 -20 -25 \%
Vce + to Vec — supply voltage differential (see Figure 1) 15 30 15 30 15 30| V
High-level control input voltage, V|H 2 5.5 2 5.5 2 55| V
Low-level control input voltage, V) All inputs 0.8 0.8 0.8
Voltage at any analog switch (S) terminal Vee-+8 Vee+ [Vec-+8 Vee+ | Vee-+8 Vee+| Vv
Switch on-state current 10 10 10| mA
Operating free-air temperature, Ta -55 125 | -25 85 o] 70| °C
{f
TEXAS 299
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

PARAMETER MEASUREMENT INFORMATIONb

24V +10V
OR

N
=

OUTPUT

C =35pF

|
-1V i
PULSE ————d BL= ton—ie—b|
GENERATOR ) 1ke | (See Note B) o
= = OUTPUT 90%

sunaany uonisinboy ejeq

—=- Vg
(See Note A) 10%
1k
TEST CIRCUIT Vo=(10V) ————
. - 1kQ +rgn
NOTES: A. The pulse generator has the following characteristics:
Zout = 50 Q, ty < 15 ns, tf < 15 ns, tyy = 500 ns. VOLTAGE WAVEFORMS
B. Ci includes probe and jig capagitance.
FIGURE 2
TYPICAL CHARACTERISTICS
SWITCH ON-STATE RESISTANCE 'SWITCH ON-STATE RESISTANCE

vs
FREE-AIR TEMPERATURE

Vs

SWITCH ANALOG VOLTAGE

1000 1000 i
< 700 700 Vilsw) = =12V
3 200 -10(sw) =—10 mA 400 T v
10(sw) = —1 mA G T Visw) =~
\ g —
200 N S 200 |— ~—0V
-2 B Vilsw) | i
e k: | o Lev | 4+—1T]
£ 100 100 |—Vy(sw —
] / -] — L]
s 70 va | \ g 70 — —
p ||O(sw) =-100 A £ T 7‘\/
E 40 40 =
¢ Vees =10V ci: £Vt <10V
cc+= = Vi(sw) =0V Vee+=10V
c CC+
5 201vec_=-20v 20 Vee—=-20V]
Ta= 2? ¢ 10(sw) = 1 mA
10 10 A
-5 -10 -5 0 5 10 —75-50 —-25 0 25 50 75 100 125
V| (sw)—Switch Analog Voltage—V Ta—Free-Air Temperature—"C
FIGURE 3 FIGURE 4
2 TExAs .
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TL601, TL604, TL607, TL610
P-M0OS ANALOG SWITCHES

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

Vgec- = —20V, analog switch test current = 1 mA (unless otherwise noted)
TL6__M
TL6__C 2
PARAMETER TEST CONDITIONS TL6_ _I UNIT
MIN TYP} MAX | MIN TYP} MAX
iH  High-level input current V| =55V 0.5 10 0.5 10 HA 9
i Low-level input current Vi =04V —-50 —250 -50 —-250 A 3
. Viisw) = =10V, Ta = 26°C -400 -500 pA P
1 Switch off-stat t H
off  Switeh off-state curren See Note 2 TA = MAXT ~50 —100 10 -20 | nA o
TL6O1 c
Visw) = 10V, TL604 55 100 75 200 K]
I0(sw) = —1 mA TL607 5
. X TL610 40 80 40 100 ]
fon Switch on-state resistance Q 3
TL601 =3
Visw) = -10V, TL604 220 400 220 600 &-’
Io(sw) = —1 mA TL607
TL610 120 300 120 400 S
roff Switch off-state resistance 25 20 GQ g
Con Switch on-state input capacitance | Viisw) = 0V, f = 1 MHz 16 16 pF
Coff Switch off-state input capacitance| V|isw) = OV, f = 1 MHz 8 8 pF
L TLeo1 5 10 5 10
Logic input(s) TL604
. B |
at55-V Fnabe' 5 10 5 10
Icc + Supply current from Ve 4+ All switch input high TL607 mA
terminal I
erminals Fnab e 3 5 3 5
open input low
TL610 5 10 5 10
TL601
L & -1.2 -25 -1.2 -25
Logic input(s) TL604
t 5.5V, Enabl
e Enable. -25 -5 -25 -5
Icc - Supply current from Ve — All switch input high TLEO7 mA
inal
terminals | Enable -0.05 -0.5 -0.05 -0.5
open input low
) TL610 -1.2 -25 -1.2 -2.5
TMAX is 125°C for M-suffix types, 85°C for I-suffix types, and 70°C for C-suffix types.
Al typical values are at TA = 25°C except for loff at TA = MAX.
NOTE 2: The other terminal of the switch under test is at Vcc4+ = 10 V.
switching characteristics, Vgc = 10 V, Vgg- = =20V, TA = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
toff Switch turn-off time . 400 500
RL = 1kQ, = 35 pF, See Fi 2
Ton Switch turn-on time L = Tk Cp = 35pF, See Figure 100 150| ™
TeExas b 2-101
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TL601, TL604, TL607, TLG10
P-MOS ANALOG SWITCHES

2

s3inoa1) uonisinboy ejeq

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

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

RECOMMENDED COMBINATIONS
OF SUPPLY VOLTAGES
30

20

15

SAFE

AREA
10

Vce+—Supply Voltage—V

-30 -265 -20 -15 -10 -5 0
Vec——Supply Voltage—V

FIGURE 1

2-102
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PRODUCT
PREVIEW

TLCO4, TLC14
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

D2970, NOVEMBER, 1986

® Low Clock-to-Cutoff-Frequency Ratio Error
TLCO4 ... +0.8%
TLC14 ... 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 Frequeﬁcy Range from 0.1 Hz to
20 kHz

® 5-V to 12-V Operation

Self Clocking or TTL-Compatible and CMOS-
Compatible Clock Inputs

® Designed to be Interchangeable with
National MF4-50 and MF4-100

description

D OR N PACKAGE
(TOP VIEW)

ckin [ U s OFILTER IN
CLKR([]2 70Vce +
ts[ds s[JAGND
vee- s [JFILTER OUT

o

Data Acquisition Circuits Y

The TLCO4 and TLC14 are monolithic Butterworth low-pass switched-capacitor filters. Each is designed
as a low-cost, easy-to-use device and to provide accurate fourth-order low-pass filter functions in circuit

design configurations.

Each filter features cutoff frequency stability that is dependent only on the external-clock frequency stability.
The cutoff frequency is clock tunable and has a clock-to-cutoff frequency ratio of 50:1 with less than
+0.8% error for the TLCO4 and a clock-to-cutoff frequency ratio of 100:1 with less than + 1% error for
the TLC14. The input clock features self-clocking or TTL- or CMOS-compatible options in conjunction with

the level shift (LS) pin.

The TLCO4 and TLC14 are characterized for operation from 0°C to 70°C.

functional block diagram

(7
Vee+ LEVEL
3
s 8 - SHIFT
ckmn I \
2
CLKR 2) ;
NONOVERLAPPING E
CLOCK GENERATOR >
o1 -2 11}
\ 4 v o
o (8) o
FILTER IN BUTTERWORTH (5)
(6) FOURTH-ORDER |—FILTER OUT -
AGND ” LOW-PASS FILTER (&)
oc
o
PRODUCT PREVIEW documents contain information . Copyright © 1986, Texas Instruments Incorporated
on products in the formative or design phase of v}
dav.llfapmsnl. Ch:rlelotisti;: {hta lam‘i otl:;r TEXAS 2.103
cifications are design goals. Texas Instruments -
:g:ems the right (o_ghagno or discontinue these lNS’l‘ RUMENTS

products without notice.
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TLCO4, TLC14 PRODUCT
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS

pin description

N AM:N NO. 110 DESCRIPTION
2 AGND 6 | Analog Ground — The noninverting input to the operational amplifiers of the Butterworth fourth-order low-
: pass filter.

(@) CLKIN 1 1 Clock In — The clock input terminal for CMOS-compatible clock or self-clocking options. For either option,
9. the Level Shift (LS) terminal is at Vcc - . For self-clocking, a resistor is connected between the CLKIN and
o CLKR terminal pins and a capacitor is connected from the CLKIN terminal pin to ground.
> CLKR 2 | Clock R — The clock input for a TTL-compatible clock. For a TTL clock, the level shift pin is connected
B to mid-supply and the CLKIN pin may be left open, but it is recommended that it be connected to either
<. Vec+ orVee--
@, FILTER IN 8 | Filter Input
<, FILTER OUT 5 O | Butterworth fourth-order low-pass Filter Output

- g LS 3 | Level Shift — This terminal accommodates the various input clocking options. For CMOS-compatible clocks
O or self-clocking, the level-shift terminal is at Vcc — and for TTL-compatible clocks, the level-shift terminal
= is at mid-supply.
2 Vee + 7 | Positive supply voltage terminal
a.' Vee - 4 1 Negative supply voltage terminal

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

Supply voltage, VCC+ (see Note 1) . ... .. ... e e 7V
Operating free-air temperature range . . . ... ..o ittt ittt e 0°C to 70°C
Storage temperature range . . .. . ... ..u ittt -65°C to 1560°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. .. ................... 260°C

NOTE 1: All voltage values are with respect to the AGND terminal.

recommended operating conditions

TLCO4 TLC14 UNIT
MIN MAX MIN MAX
Vce+  Positive supply voltage 2.5 6 2.5 6 \4
Vcc -  Negative supply voltage -2.5 -6 -25 -6 \%
VIH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 \
fclock . Clock frequency (see Note 2) 5 1x106 10 1x106 Hz
feo Cutoff frequency (see Note 3) 0.1 20x103 0.1 10x103 Hz
TA Operating free-air temperature [¢] 70 [¢] 70 °C

NOTES: 2. Above 250 kHz, the input clock duty cycle should be at 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.

M3IA3Hd 1ONAO0Hd

2104 Texas {’f
INSTRUMENTS
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PRODUCT
PREVIEW

TLCO4, TLC14
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

electrical characteristics over reccommended operating free-air temperature range, Vgc+ = 2.5V,
VCC- = =25V, fclock < 250 kHz (unless otherwise noted)

filter section

N

TLCO4 TLC14
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX [ MIN TYPT MAX 2]
Voo Output voltage offset -1560 -300 mV '5
Vom+ 2 2.3 2 2.3 o
V Peak output volt: F— RL = 5 k@ \ A
oM Peak output voltages Vo - L T 13 T 15 6
Source TA = 25°C, -0.5 -0.5
hort-circui A l
los  Short-circuit output current Sk See Note 4 38 28 m, g
Icc  Supply current felock = 250 kHz 1.5 2.25 1.5 225 mA k=]
(]
NOTE 4: Igg (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative '5
supply (Vcc ) terminal. Igg (sink current) is measured by forcing the output to its maximum negative voltage and then shorting =2
the output to the positive supply (Vcc +) terminal. 2
. . er . ; ]
operating characteristics over recommended operating free-air temperature range, Vcc+ = 2.5V, -
Vge - = —2.5V (unless otherwise noted) a
TLCO4 TLC14
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX| MIN TYPT MAX
Clock-to-cutoff-frequency rati
requency ratio felock < 250 kHz, Ta = 25°C |49.27 50.07 50.87| 99 100 101
(felock/feo) :
Temperature coefficient of
f < 250 kH. -25 [ 25| -25 0 25 /°C
clock-to-cutoff frequency ratio clock ? ppm
feo = 5 khz, f=6kHz [-811 -7.57 -7.03
fcik = 250 kHz, dB
Frequency response above and below| To = 25°C f=45kHz | -1.7 -1.46 -1.22
cutoff frequency (see Note 5) fco = 2.5 kHz, f = 3 KHz ~7.92 -7.42 —6.92
feik = 250 kHz, dB
Tp = 25°C f = 2.25 kHz -1.77 -1.51 ~1.25
Dynamic range (see Note 6) Ta = 26°C 80 78 dB
Stop-band fi
op-band frequency felock = 250 kHz 24 25 24 25 B
attentuation at 2 foo
DC voltage amplification fclock = 260 kHz, RS < 2kQ [-0.15 0 0.15]-0.15 0 0.15 dB
Peak-to-peak clock
Ta = 25°C 15 15 mV
feedthrough voltage A
T All typical values are at Ta = 25°C.
NOTES: 5. The frequency responses at f are referenced to a dc gain of O dB. ;
6. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 20-kHz bandwidth is typicaily
282 uV rms for the TLCO4 and 355 uV rms for the TLC14. w
—
&
o
o
TEXAS bi
2-105
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TLCO4, TLC14

BUTTERWORTH FOURTH-ORDER LOW-PASS

SWITCHED-CAPACITOR FILTERS

PRODUCT
PREVIEW

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

N

filter section

TLCO4 TLC14
PARAMETER TEST CONDITI
ST CONDITIONS g ypt MAX | MIN TYPT MAX unIT
Voo Output voltage offset © —200 -400 mVv
VoM + 4 4.5 4 4.5
Vi Peak output volt: ——T RL = 5 k@ v
'OM Peak output voltages VoM - L ye— yE—
Source Ta = 256°C, -1.5 -1.5
! Short-circuit t t A
0S ort-circuit output curren Sink See Note 4 50 50 m.
Icc  Supply current fclock = 250 kHz 2.5 3.5 2.5 3.5 mA

NOTE 4: Igs (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative

supply (Vg —) terminal. Igg (sink current) is measured by forcing the output to its maximum negative voltage and then shorting
the output to the positive supply (Vcc 4+ ) terminal.

clocking section

sunaA9 uonisinboy ejeq

PARAMETER TEST CONDITIONS# MIN_TYPT MAX | UNIT
V =10V 6.1 7 8.9
VT + Positive-going input threshold voltage Vgg — v 31 35 Wy \
Vee = 10V 1.3 3 3.8
VT - Negative-going input threshold voltage| CLKIN Vgg —v 06 15 19 \%
V =10V 2.3 4 7.6
Vhys Hysteresis (VT4 — V1) Vgg —yv 13 2 38 \2
V =10V 9
VoH High-level output voltage Vgg 50V o = —10 A 25 \"
Vi =10V 1
VoL Low-level output voltage ng 5V lo = 10 A G \
V 10 V| Level Shift pin at mid- ly, 2
Input leakage current CLKR ng 5V Te:/e— 32; ocpln at mid-supply 2 A
= -3 -6
Output current zgg :_’OVV CLKR shorted to Vcc - 075 —15 mA
Vee = 10V 2.5 5
Output current Vgg 5V CLKR shorted to Vo 4+ 0.65 13 mA
T All typical values are at Ta = 25°C.
*Vee = Vec+ - Vee--
2
2
m
<
g
i
2.106 I EXAS
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PRODUCT

TLCO4, TLC14
PREVIEW ~ BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

operating characteristics over recommended operating free-air temperature range, VCC+ = 5V,

Vec- = -5V (unless otherwise noted)

TLCO4 TLC14 2
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX| MIN TYPT MAX
Clock-to-cutoff-frequency rati
cletoreutoti-irequency ratio folock < 250 kHz, Ta = 25°C |49.58 49.98 50.38| 99 100 101 »
(felock/feo) A~
Temperature coefficient of =
f < 250 kH -156 0o 15| -15 0 15 °C
clock-to-cutoff frequency ratio clock z ppm/ 2
foo = 5 kHz, f=6kHz |-7.84 -757 -7.3 o
felk = 250 kHz, dB c
Frequency response above and below| Tp = 25°C f=45kHz |-1.56 -1.44 -1.32 o
cutoff frequency (see Note 5) fco = 2.5 kHz, f = 3 KkHz ~7.67 -7.42 -7.17 ‘v
folk = 250 kHz, dB '5
TA = 25°C f = 2.25 kHz -1.64 -1.51 -1.38 o
Dynamic range (see Note 7) Ta = 256°C 80 78 dB 2
Stop-band frequenc ’
p-band lrequency folock < 250 kHz 24 25 24 25 B ©
attentuation at 2 fgo -
DC voltage amplification fclock = 260 kHz, RS = 2kQ [-0.16 0 .0.16(-0.15 0 0.15 dB g
Peak-to-peak clock TA = 25°C 25 25 mv
feedthrough voltage

tAn typical values are at Tp = 25°C.
NOTES: 5. The frequency responses at f are referenced to a dc gain of O dB.

7. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 20-kHz bandwidth is typically

282 pV rms for the TLCO4 and 355 pV rms for the TLC14.

PRODUCT PREVIEW

TeExas {?
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TLCO4, TLC14 PRODUCT
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS
TYPICAL APPLICATION DATA
5V
— _I(_7) TLCO4/TLC14
r Vee+ LEVEL a
o @ s _ SHIFT |
9& --—+5V 1 : N l
; gmos l l I mlctkn [P |
LK
a -5V (2)|cu<n |
Q
£, I I
o | NONOVERLAPPING |
= | CLOCK GENERATOR
g o1 ¢2 l
o) | 4 v |
=
o @l FLrer v BUTTERWORTH |
£, 6} agnD FOURTH-ORDER F'(';TF;R (8)
a s i LOW-PASS FILTER u l
- L Vee - 4
g
-5V _
FIGURE 1. CMOS-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION
5V
l‘_” TLCO4/TLC14
r Vee+ LEVEL 7
r (3)|LS N SHIFT :
.s |
R T . Q |
-—5V ' '
TTL (2)1 CLKR I
CLKR | I |
oV l l
i NONOVERLAPPING I
| CLOCK GENERATOR |
| #1 62 I
y y
; @l FLTer v BUTTERWORTH | ry1em l(s)
el FOURTH-ORDER
(@] (6)} AGND ouT )
o o LOW-PASS FILTER
c - L Vee- 1
o) 14)
=i -5V
g FIGURE 2. TTL-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION
m
<
z
i
2-108 XAS b
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PRODUCT TLCO4, TLC14
PREVIEW BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

5V
](_7) TLCO4/TLC14
r Vee+ LEVEL -}
@3lLs o SHIFT |
|
(NI CLKIN ’ . ‘ :
R (2)'CLKR I
x| |
T | NONOVERLAPPING |
= | CLOCK GENERATOR |
| $1 62 I
\ 4 V
FILTER @l FILTER IN SoTTEWoR T ] poren ! N
INPUT (61l AGND FOURTH-ORDER |—-1tR12
I LOW-PASS FILTER | OUT '
- l_ Vee-
4
-5V

1
f -
clock = RC x In (Vcc - V-|-_> (VT...
vVee - VT+ VT-)l

ForVgc = 10V,

1
felock = 753G

FIGURE 3. SELF-CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR, DUAL-SUPPLY OPERATION

Data Acquisition Circuits H

PRODUCT PREVIEW
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TLCO4, TLC14 ' \ PRODUCT
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

+10V
2 (7) TLCO4/TLC14
Vee+ LEVEL ‘
9, @ils : o SHIFT I
o |
~—+10V

o cmos * mlcan I
> CLKIN | |
2 ov
- (SEE NOTE A) | |
2 5V | : NONOVERLAPPING |
= == 2
o TTL ¢ ):CLK" CLOCK GENERATOR |
3 CLKR | I |

ov | #1 62 |
Q 1003 | 4 \ 4 |
- . 5 '
g FILTER IN-2\5~5 VOC 8) _FILTER N BUTTERWORTH 1 &)

FILTER
= (SEE NOTE B) el acnD FOURTH-ORDER | —
7] ] LOW-PASS FILTER |
—L_:: —_—————
01’|: $10 k0 (4)
uF (SEE NOTE C)

||Hi

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

FIGURE 4. EXTERNAL-CLOCK-DRIVEN SINGLE-SUPPLY OPERATION

v
]
(@)
O
C
(@)
-
-
]
m
<
s
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PRODUCT TLCO4, TLC14
PREVIEW BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

+10 V

r Vee+ —: -
LEVEL 'g
3 | s o SHIFT | =3
' (3]
=
(1) | CLKIN | o
] | c
R | @lcke o
A ' | S
7T~¢C 2
:__!_: | NONOVERLAPPING | =
| CLOCK GENERATOR | g‘
<

10 kQ :: ' o1 52 ' <
| L]
(8) | FILTER IN SUTTERWORTH Flélrﬁn le) 8

© | aenp FOURTH-ORDER i

|

l LOW-PASS FILTER

* (SEE NOTE A)

0.1 uF L ______________ — —l
T $10 k2 7(4’

[
e

1
felock = Rg 5 (Vcc - VT_) (VT+)J
Vee - V1+/ \VT-

ForVgc = 10V,

1
folock = 753 RE

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

FIGURE 5. SELF-CLOCKING THROUGH SCHMITT TRIGGER OSCILLATOR,
SINGLE-SUPPLY OPERATION

PRODUCT PREVIEW
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TLCO4, TLC14 PRODUCT
BUTTERWORTH FOURTH-ORDER LOW-PASS PREVIEW
SWITCHED-CAPACITOR FILTERS
TYPICAL APPLICATION DATA
5V
— e e o o o o e e — ————
| Vee+ 1
|
LEVEL |
3 lis " SHIFT |
[ !
|
cLocK (1) | cLKIN
INPUT 1 [ |
(2) | cLkr |
| | |
| NONOVERLAPPING |
| CLOCK GENERATOR |
81 #2
! Y v :
@ | Frver v BUTTERWORTR F:')-‘ij_" l®
) | AGND FOURTH-ORDER et 2L
LOW-PASS FILTER |
10 m", ' |
1 b e e e Ve e e e J
T 0.1 4F —l’m)
-5V ®

M3INTHd 19NA0dd

FIGURE 6. DC OFFSET ADJUSTMENT
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PRODUCT
PREVIEW

TLCO820A, TLC0O820B

ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL

CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

D2873, SEPTEMBER 1986 —REVISED OCTOBER 1986

® Advanced LInCMOS™ Silicon-Gate
Technology

TLCO820AM, TLC0820BM . . . J OR N PACKAGE
TLCO820AI, TLC08208B! . . . N PACKAGE
TLCO820AC, TLCO820BC . . . N PACKAGE

@ 8-Bit Resolution (TOP VIEW)
® Differential Reference Inputs ANLG IN (] vVce
- (LsB) DO [ NC
[ ]
Parallel Microprocessor Interface 010 BETW
® Conversion Time D2} D7 (MSB)
Write-Read Mode . . . 0.9 gs and 1.1 ps D3[] D6
Read Mode . . . 2.5 ps Max WR/RDY [] D5
® No External Clock or Oscillator Components MO%E 2_3
Required INT REF +
® On-Chip Track-and-Hold GND REF —
® Low Power Consumption . . . 50 mW Typ TLCO820AM, TLCO820BM . . . FK PACKAGE
® Single 5-V Supply TLCO820AI, TLCO820BI . . . FN PACKAGE
TLCO820AC, TLCO820BC . . . FN PACKAGE
® TLCO820B is Direct Replacement for (TOP VIEW)
National Semiconductor ADC0820B/BC and 5z
Analog Devices AD7820L/C/U; a5
TLCO820A is Direct Replacement for o3 8 o
National Semiconductor ADC0820C/CC and oo<> 2z
Analog Devices AD7820K/B/T 2
D2 OFLW
D3 D7 (MSB)
WR/RDY D6
MODE D5
RD D4
z2. 408
O w w
o o
NC—No internal connection
description

The TLCO820A and TLCO820B 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 1.4 microseconds. The on-chip track-and-hold circuit has a 100-nanosecond
sample window and allows the TLCO820A and TLCO820B to convert continuous analog signals having
slew rates of up to 100 millivolts per microsecond without external sampling components. TTL-compatible
three-state output drivers and two modes of operation allow interfacing to a variety of microprocessors.
Detailed information on interfacing to most popular microprocessors is readily available from the factory.

The TLCO820AM and TLCO820BM are available in both the N plastic and the J ceramic packages and
are characterized for operation over the full military temperature range of —55°C to 125°C. The TLCO820Al
and TLCOB820BI are characterized for operation from —40°C to 85°C. The TLCO820AC and TLCO820BC
are characterized for operation from 0°C to 70°C.

Advanced LinCMOS is a trademark of Texas Instruments.

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other
specifications are design goals. Texas Instruments
reservas the right to change or discontinue these
products without notice.

TExAs {?
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TLCOB20A, TLC0820B PRODUCT
ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL PREVIEW
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES
functional block diagram
(12) 4-BIT FLASH
2 REF + " ANALOGTO- |, , 1)
rer - 11 DIGITAL | -9 | 18) Serw
CONVERTER @ o
o (4 MSBs) f———— DO (LSB) .
9‘ 4y |3 5,
o OUTPUT 4
¢ 4-BIT Y — D2
> a DIGITAL- LATCH 15 pa
2 ) TO-ANALOG 3 :"r“:re —( o | DiGITAL
< - 1
‘%_ < CONVERTER BUFFERs |—— D4 OUTPUTS
& us) o
g [ o,
4 (17)
(o) b5 DIGITAL ” D7 (MSB) J
s -1 . CONVERTER
g ANLG IN a +1 v (4 LSBs)
s
G i
MODE ‘;' .
TR (6) - TIMING
wn/mz e > AND 0
cs ) CONTROL
RD
v
v
o
w)
cC
(@)
-
U
X
m
<
=
i
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PRODUCT
PREVIEW

TLCOB20A, TLC0820B
ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PIN
NANE NUMBER DESCRIPTION

ANLG IN 1 Analog input

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

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

D1 3 Three-state data output, bit 2

D2 4 Three-state data output, bit 3

D3 5 Three-state data output, bit 4

D4 14 Three-state data output, bit 5

D5 15 Three-state data output, bit 6

D6 16 Three-state data output, bit 7

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

GND 10 Ground

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

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

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

NC 19 No internal connection

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

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

REF — 1 This input voltage is placed on the bottom of the resistor ladder.

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

vee . 20 Power supply voltage

WR/RDY 6 In the WRITE-READ mode with CS low, the conversion is started on the falling edge of the WR input signal.
The result of the conversion is strobed into the output latch after the internal count-down delay time, 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, RDY (an open-drain output) will go low after the falling edge of TS, and will go into the
high-impedance state when the conversion is strobed into the output latch. It is used to simplify the interface
to a microprocessor system.
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TLCO820A, TLC0820B ' PRODUCT
ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL PREVIEW
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

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

TLCO820AM | TLCO820AlI | TLCO820AC UNIT
2 TLCO820BM | TLCO820BI | TLC0820BC
Supply voltage, V¢ (see Note 1) 10 10 10 \"
(] Input voltage range, all inputs (see Note 1) ~0.2t0 ~0.2t0 ~0-2t0 \%
> Vee+0.2 Vec+0.2 Ve +0.2
5 Output voltage range, all outputs (see Note 1) ~0.2to ~0-2t0 ~0.2to \%
Vce+0.2 Ve +0.2 Vce+0.2
g Operating free-air temperature range —-55to 125 —40 to 85 0to 70 °C
K] Storage temperature range —-65t0 150 | —65to 1560 | —65 to 150 °C
E. Case temperature for 60 seconds: FK package 260 °C
g- Case temperature for 10 seconds: FN package 260 260 °C
3‘ Lead temperature 1,6 mm (1/16 inch) from case 300 oc
= for 60 seconds: J package
9 Lead temperature 1,6 mm (1/16 inch) from case 260 260 260 oc
3 for 10 seconds: N package
§' NOTE 1: All voltages are with respect to network ground terminal, pin 10.
(]
recommended operating conditions
TLCO0820AM TLCO820AI TLCO820AC
TLC0820BM TLC0820BI TLC0820BC UNIT
MIN NOM MAX MIN NOM MAX MIN NOM MAX
Supply voltage, Vo 4.5 5 8 4.5 5 8 4.5 5 8 \
Anaiog input voltage -0.1 Vee+0.1 |=0.1 Vee+0.1 |-0.1 Vee+0.1 v
Positive reference voltage, VREF + VREF - Vee | VREF- Vee | VREF- Vee Y
Negative reference voltage, VREF — GND VReg+ | GND VRer+ | GND VREF + v
High-level input [Vcc = 4.75 V|CS, WR/RDY, RD 2 2 2 v
voltage, ViH to 5.26 V MODE 3.5 3.5 3.5
Low-level input [Vce = 4.75 V|TS, WR/RDY, RD 0.8 0.8 0.8 v
voltage, V| to 5.26 V MODE 1.5 1.6 1.5
Delay time from WR to RD in write-read mode, 0.6 0.6 0.6 45
tdwR (see Figures 2 and 3)
Wnte».pulse duration in write-read mode, t,w 0.6 50 0.6 50 0.6 50 us
(see Figures 2, 3, and 4)
Operating free-air temperature, Ta —55 125 | —-40 85 o} 70 °C

M3IATHd 10NA0dd
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PRODUCT TLCO820A, TLC0820B
PREVIEW ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

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

PARAMETER TEST CONDITIONS MIN TYPT mMAX UNIT 2
) Any D, INT, Vece = 475V,  lgy = —360 pA 2.4
Vv High-level output volt - Y
oH High-level output voltage or OFLW Voo = 475V, loH = =10 A 75 "
Any D, OFLW, =
- | i —_— V| = 5.25V, i = 1.6 mA 3
VoL Low-level output voltage INT, or WR/RDY cc oL 0.4 \ g
TS or RD 0.005 1 5
iy  High-level input current WR/RDY ViH=5V 0.1 3 rA c
MODE 50 200 <)
1 Low-level input current CS, WR/RDY, v 0 0.005 1 A ‘h
w-level input curren — = -0. -
I i AD, or MODE L # g
| Off-state (high-impedance Any D or Vo =5V 0.1 3 A o
OZ  state) output current WR/RDY Vo =0 -0.1 -3 ¥ é’
CSat5V, Vi =5V 3
Iy Analog input current — g ! pA [,
CSat5V, V=0 -3 '06
Any D, OFLW, INT,
n Vo =5V, Ta = 25°C 7 14 o
- or WR/RDY
ips  Short-circuit output current P 5 5 mA
- -1
Ll Al Vo =0, Ta = 25°C
INT -45 -9
Rref Reference resistance 1.25 2.3 6 kQ
lcc  Supply current CS, WR/RDY, and RD at O V 7.5 15 mA
. Any digital 5
Ci Input t F
! nput capacitance Analog (pin 1) 45 P
Co  Output capacitance Any digital 5 pF

tAl typical values are at Tp = 25°C.
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‘TLCO820A, TLC0820B PRODUCT
ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL - PREVIEW
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

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

T
2 PARAMETER TEST CONDITIONS NN LC?I,BYZPOA MAX i NTLC(;SyZPOB MAX UNIT
Suppt It;
O [|ksvs s::spit\i/v;: age Vec = BV + 5% £116  +1/4 £1/16 +1/4 | LSB
% Total unadjusted error | MODE pinat OV 1 1/2 | LSB
Read d . .
B [tconvR c::‘le':i’o:ﬁme MODE pin at O V, See Figure 1 1.6 2.5 16 25| s
o .
a Internal count- MODE pinat5V, CL = 50 pF,
i 00 1300 1
5. td(int) down delay time See Figures 3 and 4 8 800 300 ns
= : =5 . : teonvR  tconvR teonvR  tconvR
(=1 taR Access time from RD{ | MODE pin at O V, See Figure 1 ns
o +20  +50 +20 +50
= MODE pinat 5V, CL = 15 pF 190 280 190 280
t A ime from RD! | t, < td(int).
2] aR1 ccess time from RDL | taWR < td(int) CL = 100 pF 210 320 210 320 | ™
3 See Figure 2
c MODE pinat 5V, CL = 16 pF 70 120 70 120
- t A time from RDL | t > tqi
74 aR2 coess time from RDL | TdWR > td(int) {cL = 100 pF 90 150 % 150 | ™
See Figure 3
taINT Access time from INT!{ | MODE pin at 5 V, See Figure 4 20 50 20 50 ns
|all
A — |RL = 1ka, CL = 10 pF,
" 1 7
tdis Disable time from RD?T See Figures 1, 2, 3, and 5 0 95 70 95 ns
Delay time from MODE pin at 0 V, CL = 50 pF,
t — 50 100 5 100
dRDY  Z5, 10 RDY! See Figure 1 0 ns
Delay time from CL = 50 pF,
fdRIH RD? to INTT See Figures 1, 2, and 3 125 225 125 225 | ns
Delay time from MODE pin at 5V, tdWR < td(int)/
—_ —_ 200 290 200 290
'dRIL By 1o INTL See Figure 2 ne
Delay time from MODE pinat 5V, CL = 50 pF,
— —_ 175 270 175 270
WWIH Ry o INTH See Figure 4 ns
t
t4INC) S:r':/‘;r;o:ex‘ See Figures 1, 2, 3, and 4 500 500 | ns
Slew rate tracking 0.1 0.1 Vips

T Total unadjusted error includes offset, full-scale, and linearity errors.
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PRODUCT TLCOB20A, TLC0820B
PREVIEW ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

|
L
— []
WR/RDY ] | WITH lEXTERNAL PULL-UP
—3 tdRDY —> tdRIH

Data Acquisition Circuits M

D RD \_{
thIL—‘D: :4— | e tawR—| —» In—tdmu
NT [ 5& : { iNT Nk
: ] Je—tarm +—taiing—»)|
DO-D7 == == o= o o o = = l- -‘ '_— - DOD7 == ecom e o o o - P.-
wRi—d fe- 1o tore—]
- et —d|tdis l‘—

FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFORMS

[MODE PIN HIGH AND tdwR < td(int)] [MODE PIN HIGH AND tgwR > tdiint)]
Ts Low ;
RD LOW .I'I_'l
tww >
WR/RDY w \__/ g
—b’ fetawn |1-—->l—‘dm0) o
T -
l‘_td(int):d k—falNT g

DATA
a
o
FIGURE 4. WRITE-READ MODE WAVEFORMS o
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW) a.
i
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TLCO820A, TLCO820B . PRODUCT
ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL PREVIEW
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

s1N241) uonisinboy eleq E

Vece Cp = 10 pF
TLCO820 I ¢
T F—
Vee — j_ 2
"5 _ 1 #90%
INPUT —] b _ DATA RD 14 50%
& " OUTPUT GND :10%
GND 3 —pl tdis r._
CLS1ke Vou
! ) DATA 90%
OUTPUTS
® GND
= t; = 20 ns
Vce CL = 10 pF
__" ‘l’ N_
TLC0820 e veg — — -IL 4 T
<
gtka RD 1?2 50%
INPUT — R o _ DATA GND :10%
I P OUTPUT M tais
GND Vee :
]\“ ouTPUTS !
VoL 10%
[ ty = 20 ns
= :
Dn = DO...D7
TEST CIRCUIT ! VOLTAGE WAVEFORMS

FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS
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PRODUCT TLCO820A, TLC0820B
PREVIEW ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PRINCIPLES OF OPERATION

The TLCO820A and TLCO820B 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 — + %2 LSB or greater than VREF+ — %2 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 VRgr + 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 microseconds 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 nanoseconds after the ““write’’ pin returns high, the conversion is completed. Conversion
starts on the rising edge of WR/RDY in the write-read mode.

The high-order 4-bit ‘‘flash’”” ADC measures the input by means of 16 comparators operating simultaneously.
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After
a time delay, a second bank of comparators does a low-order conversion on the analog difference between
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch
and are output to the three-state buffers on the falling edge of RD.
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TLCO820A, TLC0820B

PRODUCT

ADVANCED LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL PREVIEW
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES
TYPICAL APPLICATION DATA
< 13) cs Vcc‘-(_zﬂ.‘r,
UL ©) WR/RDY ANLG w ANLG IN
75 IN
I 8 &5
20 21 bo mooe s v
D1 B8 1p, Rers 12 —5V
B‘:.II:S D2 @l o, _'L )
D3 20 . To.u
D4 (14) =
D4
D5 (15) o5 rer_ |02
D6 :16) 06 | -]-01 ]
D7 17) b3 L1 u
D7 >
D8 ] j::
OFL (10) 1‘
OFL 18) ) orrw GND [— [ 203
\ <
b3
A 1
(20)
LT P vee s v
©) WR/RDY ANLG L
IN
] (8) T
2) DO MODE -(1)5\/
@] o, rers 10122
@] o, _L
(5) D3 0.1 uF
(14) D4
S1:7] . rer- L2
ae | l Ll
7
"2 o7 ao) T~ HF
[i13) FESE—— _{
FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION
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ADVANCE
INFORMATION

TLC10, TLC20

UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

D2952, AUGUST 1986 —REVISED SEPTEMBER 1986

® Maximum Clock to Center-Frequency Ratio
Error

design. N¥xo !
] . s cox §
Filter features include cutoff frequency stability -NO S

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 kiloHertz.

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 and TLC20 are characterized for
operation from 0°C to 70°C.

N DUAL-IN-LINE PACKAGE
(TOP VIEW)

TLC10... +0.6%
e
TLC20... +1.5% 18p[2 2
® Filter Cutoff Frequency Stability Dependent INAH[]3 *
Only on External-Clock Frequency Stability 1N-[]a -
TAPIN[]5 =
® Minimum Filter Response Deviation Due to SWE 6 o
External Component Variations over Time vee s O 6
and Temperature Voo + (e c
® Critical-Frequency Times Q Factor Range Up Lse g
to 200 kHz 1CLK [J10 ‘3
Critical-Frequency Operation Up to 30 kHz EN CHIP CARRIER PACKAGE g_
Designed to be Interchangeable with: (TOP VIEW) g
National MF10 T ©
Maxim MF10 $aaa s
Linear Technology LTC1060 - - - A a
description 1IN = 2NAH
The TLC10 and TLC20 are monolithic general- 1APIN 2IN -
purpose switched-capacitor CMOS filters each sw 2APIN
containing two independent active-filter vee + AGND
sections. Each device facilitates configuration of VDD + Vee -
Butterworth, Bessel, Cauer, or Chebyshev filter
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TLC10,TLC20

ADVANCE

UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION

PIN

NAME T NO. 10 DESCRIPTION . )

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

1APIN 5 | All-Pass Inputs — The all-pass input to the summing amplifier of each respective filter section used for all-pass
c 2APIN 16 filter applications in configuration modes 1a, 4, 5, and 6. This terminal should be driven from a source having
2 an impedance of less than 1 kilohm. In all other modes, this terminal is grounded. See Typical Application Data.
o 18P 2 (o] Band-Pass Outputs — The band-pass output of each respective filter section provides the second-order band-
> 2BP 19 pass filter functions.
[2] CF/CL 12 1 Center Frequency/Current Limit — This input terminal provides the option to select the input-clock-to-center-
'g 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
6' to Vpp +-. For a 100:1 ratio, the CF/CL terminal is set to ground for dual supplies or to mid-supply level for
E: single-supply operation. For current limiting, the CF/CL terminal is set to Vpp — . This aborts filtering and limits
g the IC current to 0.5 milliamperes. :

1CLK 10 I Clock Inputs — The clock input to the two-phase nonoverlapping generator of each respective filter section
_S?. 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
:_E.- (felock) greater than 200 kiloHertz are used. At this duty cycle, the operational amplifiers have the maximum
] time to settle while processing analog samples.

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

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

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

LS 9 | 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-vott) clocks, Vpp — or ground is applied
to the LS terminal. For TTL and other clocks, ground is applied to the LS terminal.

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

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

sSw 6 | Switch Input — This input terminal is used to control internal switches to connect either the AGND input or
the LP output to one of the inputs of the summing amplifier. The terminal controls both independent filter sections
and places them in the same configuration simultaneously. If Vcc — is applied to the SW terminal, the AGND
input terminal will be connected to one of the inputs of each summing amplifier. If Vcc 4 is applied to the
SW terminal, the LP output will be connected to one of the inputs of the summing amplifier.
Vee + 7 Analog positive supply voltage terminal

> Vee- 14 Analog negative supply voltage terminal

U VDD + 8 Digital positive supply voltage terminal

< Vpp -~ 13 Digital negative supply voltage terminal

>

2

(®)

m

=

o

=)

=

>

5

2
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ADVANCE

INFORMATION

TLC10,TLC20
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

functional block diagram

1ok 12 N #1 2
s 2 - NONOVERLAPPING
e 121 @_ CLOCK GENERATOR | #2 ”
b
-
(3]
(4) =
IN- N 3 o
acnp 15 v * NAH c
I @ o S
-
z i)
, b L | /> > =z
1apIN 2 - S
- + LAY <
N 8
sw 8! g
—_~—
(11
2CLK ~ #1
—> NONOVERLAPPING
@_ CLOCK GENERATOR | 62
(17
2N- NG 18)
v .
28P
. D L] /D o
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2aen 22 =
20 o
- + + 2P —
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N =
o
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TLC10,TLC20 ADVANCE
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION

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

N

Analog supply voltage, VeC+ (see Note 1) . ... o e 7V
Digital supply voltage, VDD & . ... ........iiiiiiieee i +7V
Operating free-air temperature range . . . . .. .... .ottt ittt 0°C to 70°C
Storage temperature range . .. ... ... ...iueuunn e e o et —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. . ... ........ .ot iiinitinennnnnnn. 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 2) +4 5 +6 \
Digital supply voltage, VDD +, (see Note 2) +4 5 +6 \
Clock frequency, feiock. (see Note 3) 0.008 1.0 | MHz
Operating free-air temperature, Ta 0o 70 °Cc

or at the supply voltage source. The same is true for Voc— and Vpp —.

s3noa1y uomisinboy ejeq

to allow the operational amplifiers the maximum time to settle while processing analog samples.

NOTES: 2. A common supply voltage source should be used for the analog and digital supply voltages. Aithough each has separate terminals,
they are connected together internally at the substrate. Voc + and Vpp + can be connected together at the device terminals

3. Both input clocks should be of :he same level type (TTL or CMOS), and their duty cycles should be at 50% above 200 kHz

electrical characteristicsatVCC+ = 5V, VpD+ + = £5V, TA = 25°C (unless otherwise noted)

NOILVINHOLNI SONVAQY

TLC10 TLC20
I
PARAMETER TEST CONDITIONS MIN TP MAX | MIN  TYP MAX UNIT
Maximum peak-to-peak output .
Vopp peak-to-peak outpu R = 3.5kRatall outputs .| =4 4.1 +38 3.9 v
voltage swing
Short-circuit output Source 2 2
! A
OS  Curent, Pins 3 and 18 | Sink | oo° N0t 50 50 ™
Icc Supply current 8 10 8 10 mA,
NOTE 4: The short-circuit output current for pins 1, 2, 19, and 20 will be typically the same as pins 3 and 18.
operating characteristics at VCc+ = *5V,Vpp+ = 5V, Ta = 25°C (unless otherwise noted)
TLC10 TLC20
NDITION
PARAMETER TEST CONDITIONS MIN  TYP MAX| MIN _TYP MAX UNIT
Critical-frequency range fo X Q = 200 kHz 20 30 20 30 kHz
Maxi lock
aximum cloe See Note 3 115 1 15 MHz
frequency, fclock
Clock to center-frequency |fo =< 6 kHz, R3/R2 = 10,{Pin 12at 5V [49.64 49.94 50.24 |49.24 49.94 50.64
ratio Mode 1, See Figure 1 |Pin 12 at OV |98.75 99.35 99.95 {97.86 99.35 100.84
Temperature coefficient of | fo < 5 kHz, R3/R2 = 20,[Pin 12 at 5V +10 +10 m/C
center frequency Mode 1, See Figure 1 [Pin 12 at O V +100 + 100 PP
Filter Q (quality factor) fo = 5 kHz, R3/R2 = 20,{Pin 12 at5V +2% +4% +2% +6%
deviation from 20 Mode 1, See Figure 1 |Pin-12 at O V +2% 3% +2% +6%
Temperature coefficient of | fo = 5 kHz, R3/R2 = 20,

500 500 °C
measured filter Q Mode 1 * * ppm/
Low—pas.s outPut deviation | R1 = R2 = 10 kQ ] £2% £2%
from unity gain Mode 1, See Figure 1
Crosstalk attenuation 60 ) 60 dB
Clock feedthrough voltage 10 10 mV
Operatlonallamphfler 25 25 MHz
gain-bandwidth product

ional i
Operational amplifier 7 7 Vins
slew rate
i
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ADVANCE
INFORMATION

TLC10,TLC20

UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

modes of operation

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

must be examined in the z-domain.

felock % TLC10, TLC20
r—eee_—_-—-—-—-—————
v,
LI l CLK NONOVERLAPPING i l
3R | CcLOCK GENERATOR |#2 '
IN-
iAGND > ® NAHI
i
L ' l
| e |
| |
LD
APINI * e s e I
L B T e
- +
| ——— :R3
VoD SW 3 R2
g R
| |

fo = felock/100 or feiock/50
frotch = fo
HoLp = —R2/R1 (as f = 0)
Hogp = —R3/R1 (at f = fg)

. (as f approaches O —R2/R1
Hon = notch gain {as f approaches 0.5 fgock
Q = fo/BW = R3/R2

Circuit dynamics:

The following expressions determine the swing at each output as a function of the desired Q of the second-order function.
HoLp = Hop/Q or HoLp X Q = Hon x Q

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

FIGURE 1. MODE 1 FOR NOTCH, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch = fo
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TLC10,TLC20 : ADVANCE
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION
TYPICAL APPLICATION DATA

felock % TLC10, TLC20
r-'_—___—_—_——_"_l
#1
| CLK NONOVERLAPPING [— |
I cLock GENERATOR |#2 l
i:lc—uo N . nan | NONINVERTING
+ BAND-PASS OUT (BP2)
__]: I / S l [{
: BP : BAND-PASS OUT (BP1)
| LED /o L] /> |
v AmlL - —] te|
| - + " | LOW-PASS OUT
VDD+—'§£—: - | ':R3 R2
4’ ‘:
' — J\_ l b3
I |
fo = felock! 100 of fglook/50
Q = R3/R2
Horp = -1 HoLp (peak) = Q x HoLp (for high Qs)
HoBP1 —R3/R2

]

Hopp2 = 1 (noninverting)
Circuit dynamics:
Hosp1 = Q
FIGURE 2. MODE 1a FOR NONINVERTING BAND-PASS AND LOW-PASS OUTPUTS
i
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INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER
TYPICAL APPLICATION DATA
felock % TLC10, TLC20 2\
r—ee—_-—-———-————-—=—-—"
Vi | 91 |
| CLK NONOVERLAPPING [
3R CLOCK GENERATOR 121 | £
JIN- o
TaGnD ;\ S NAHI NOTCH OUT 5
L | L p | c
- [=]
| BPI BAND-PASS OUT ¢_7_;
| | 5
| ID IS L[> | g
APIN _ | | -4
L
= ! - + + - LOW-PASS OUT g
l 1 Ins (=]
Voo .+ l 3 <£R2 [Ra
| - R
I |
L e e e e e e e — 4

fo = fnotch X yR2/RA + 1

frotch = fclock/100 or feiock/50

LS|

Q= R2/R3

HoLp (as f approaches 0) = —R2R1_
R2/R4 + 1

Hopgp (at f = f5) = —R3/R1

Hon1 (as f approaches 0) = —R2R1_
R2/R4 + 1

Honz2 (as f approaches 0.5 fgiock) = —R2/R1

Circuit dynamics:
Hopp = Q yHoLp X Hon2 = Q ¢yHoN1 x Honz

FIGURE 3. MODE 2 FOR NOTCH 2, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch { fo
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TLC10,TLC20 _ ADVANCE
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION

TYPICAL APPLICATION DATA

felock % TLC10, TLC20
— —
' | ¢1 l
CLK NONOVERLAPPING
3R l CLOCK GENERATOR |2, |
JIN—
N NAH
laGno >. | NOTCH OUT
L q |
I BPI
l ' BAND-PASS OUT
' LI D I L] J> l
APIN, _
L1 | 7 el
= ' - + + LOW-PASS OUT
L L1 1 ¢~
SW >
oo™ 7% Lo,
l M1~ ‘ REEE
>
| | 1 Rer
]
L e e e e [
|
4
fo = (fclock/100 or fciock/50) RZTRE
Q = R2Z/RE x R3/R2
HoHp (as f approaches 0.5 fgiock) = —R2/R1
HoLp (as f approaches 0) = —R4/R1
Hogp (at f = fo) = —R3/R1

Circuit dynamics:

R2/R4 = Honp/HoLp: Hogp = yfHOHP X HOLP X Q

HoLp (peak) = Q x Hopp (for high Qs)
HoHp (peak) = Q x Hopp (for high Qs)

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

FIGURE 4. MODE 3 FOR HIGH-PASS, BAND-PASS, AND LOW-PASS OUTPUTS
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INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER
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I
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I
I
|
Data Acquisition Circuits H

TYPICAL APPLICATION DATA

% TLC10, TLC20
|

I CLK NONOVERLAPPING l
R1 CLOCK GENERATOR |~ I

AGND | D>—e nau|

T e » |

I erl
I - ' BAND-PASS OUT
I . LD I L[ 7o '

APIN > EXTERNAL
I - — > ai I OPERATIONAL
= - + A - AMPLIFIER

NOTCH OUT

o {e
N

VV\—

R2
R4

g‘Aw

AAA

LOW-PASS OUT

|
|R
|
|
|

fo = (fclock/100 or feock/50) VRZ/RE

Q =.R2Z/R4 x R3/R2

HoHp = —R2/R1

Hop = —R3/R1

HoLp = —R4/R1

fnoteh = (fclock/100 or felock/50) VRR/RI

Hon (at f = fg) = | Q (Rg/Ri x HoLp — Rg/Rh x HOHP) |
HoN1 (as f approaches 0) = Rg/Ri x HQLp

Hon2 (as f approaches 0.5 fcock) = —Rg/Rh X HoHp

FIGURE 5. MODE 3a FOR HIGH-PASS, BAND-PASS, LOW-PASS, AND
NOTCH OUTPUTS WITH EXTERNAL OPERATIONAL AMPLIFIER
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TLC10,TLC20

UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

ADVANCE
INFORMATION

TYPICAL APPLICATION DATA

' .
v ek % TLC10, TLC20
2 | - ———— e — — —  _rIrone
—
o l l CLK NONOVERLAPPING '
o SR1 I CLOCK GENERATOR |
[ JIN-
> TaGnD > . nan| ALL-PASS OUT
8 = | |
2 =
@ | eel
- ' l BAND-PASS OUT
=]
=] ' .z D i L i '
(2] APIN |
a | LPI
c - + LOW-PASS OUT
5;' I L 'Ra
Vpp + _'_S_V_V__ I :E ‘RZ
< 4,
| > 13
fo = fclock/100 or fglock/50
f, = fol
Q = fu/BW = R3/R2
Q, = R3/R1
Hoap (at 0 = f = 0.5 fgock) = —R2/R1 = -1
(for AP output R1 = R2)
HoLp (as f approaches 0) = —(R2/R1 + 1) = -2
> Hopp lat f = fo) = —R3/R2 (R2/R1 + 1) = -2 (R3/R2)
U Circuit dynamics:
< HoBp = HoLp x Q = (Hpap + 11 Q
> tDue to the sampled-data nature of the filter, a slight mismatch of f, and f, occurs causing a 0.4-dB peaking around fg, of the all-pass
2 filter amplitude response (which theoretically should be a straight line). If this is unacceptable, Mode 5 is recommended.
ﬁ.I’ FIGURE 6. MODE 4 FOR ALL-PASS, BAND-PASS, AND LOW-PASS OUTPUTS
=
o
E
g
Texas WP
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INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER
TYPICAL APPLICATION DATA
" folock % TLC10, TLC20
rmeee-_—————————
el a l
It CLK NONOVERLAPPING
il'“ [ CLOCK GENERATOR |22 I
LN
|aGnD > NA"' COMPLEX ZERO OUT
L ' |
: BP: BAND-PASS OUT
| LED i L] SD l
APIN , | l
} . + "PI LOW-PASS OUT
v sw—_1 - |R3 an
DD+—-|'— 3
| ] _]\- I < i: :ER4
I |
L o e o

fo = JR2IRE + 1 X lfgjock/100 oF felock/50)
f, = T = RI/R4 X (fglock/100 or fgjock/50)

Q = JR2/R4 + 1 x R3/R2
Q; = V1 - R1/R4 x R3/R1

Hoz1 (as f approaches 0) = R2 (R4 - R1)/R1 (R2 + R4)
Hpz2 (as f approaches 0.5 fgiock) = R2/R1

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

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

FIGURE 7. MODE 5 FOR NUMERATOR COMPLEX ZEROS, BAND-PASS, AND LOW-PASS OUTPUTS
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UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION
TYPICAL APPLICATION DATA

fetock % TLC10, TLC20

rree————_—_—_— ———
1 | CLK NONOVERLAPPING | I
$r I CLOCK GENERATOR |2 |

LIN—
laGnD > S NA H' HIGH-PASS OUT

L * l
I BP| LOW-PASS OUT
| | (INVERTED)
| P I 4 /> |

APIN | _ |

= wl

- + +
I L " |
VDD——lL‘ I :E LRZ

| ik
I |
|

fc = R2/R3 (fglock/ 100 or feiock/50)
HoLp = —R3/R1
HoHp = —R2/R1

FIGURE 8. MODE 6 FOR SINGLE-POLE HIGH-PASS AND LOW-PASS OUTPUT
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ADVANCE TLC10,TLC20

INFORMATION : UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER
TYPICAL APPLICATION DATA

felock % TLC10, TLC20 2

r-____—_"'"'_____—ﬂ
' CLK NONOVERLAPPING |- l 2
| CLOCK GENERATOR "’_2‘ | S
JIN- L
TagnD N NAHI LOW-PASS OUT o

+
N vl | [ (NONINVERTED) g
| el LOW-PASS OUT :7';
| | (INVERTED) S
| 5 > T5] 3
APIN <
" | - ] I o
LP -
- + + ©
| L3 B a
vpp W I s [R2
] — 13

| |

| |

L - - - -

fc = R2/R3 x (fgiock/100 or feiock/50)
Hopp1 = 1 (noninverting)
HoLp2 = —R3/R2

FIGURE 9. MODE 6a FOR SINGLE-POLE LOW-PASS OUTPUT (INVERTED AND NONINVERTED)
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TLC10,TLC20 ADVANCE
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER INFORMATION
TYPICAL APPLICATION DATA
5V P
2 T TLc10. TLc20 |
vees Voo LOW-PASS
O vee+ N sw 2p U2 A
o (9) (19) OUTPUT
- LEVEL SHIFT 28p
o 200-kHz PRLLL] DY anan 12
> TTL CLOCK
o [uo)] 1CLK
o )
c CENTER FREQ/ e
& 1 CURRENT LIMIT 180 L2
= = 5 | CONTROL )
H INPUT 1APIN 1NAH
3 L] P e |12
E—?- 2] DA
o (17
c — 2N~ R2$ R3S R2’:ER3'5E
a Vee- Vpp - ] ] R2 = 100 kg2
T T R2’ = 100 k@
_5v o R3 = 53.6 k0
R3’ = 130 kO

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

filter terminology

fc
fclock

NOILVINHOdNI 3ONVAQY
5

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 (V/V) at the band-pass center frequency

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

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

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

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

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

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

Gain at complex zero output (as f approaches 0.5 fclock)

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.

2-136
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ADVANCE TLC10,TLC20
INFORMATION UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER
4
fO
Q = i f ViLfH .
s Hoe Mo :
2 5707 m fL="fo = L) 2
Z 0-707 Hogp L=f\3q *¥\zq) * R~
s 3
( 1 < 1 )2 ) [
fH=fo == + — + 1 -
2Q 2Q o
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> (=]
fL fo fH E
f (LOG SCALE) ]
=
FIGURE 11. BAND-PASS OUTPUT g
<
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©
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Hop 1 1\2
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>
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3 o =foVi1- 357
1
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> Q 4Q2
fp fo
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FIGURE 12. LOW-PASS OUTPUT
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS

WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

D2819, NOVEMBER 1983 —REVISED SEPTEMBER 1986

® LinCMOSTM Technology
® 8-Bit Resolution
® Total Unadjusted Error . . . +0.5 LSB Max
® Ratiometric Conversion
® Access Plus Conversion Time:
TLC532A . .. 15 ps Max
TLC533A . . . 30 us Max
® 3-State, Bidirectional I/O Data Bus
® 5 Analog and 6 Dual-Purpose Inputs
® On-Chip 12-Channel Analog Muliiplexer
® Three On-Chip 16-Bit Data Registers
® Software Compatible with Larger TL530 and
TL531 (21-Input Versions)
© On-Chip Sample-and-Hold Circuit
® Single 5-V Supply Operation
® Low Power Consumption . . . 6.5 mW Typ
® Improved Direct Replacements for Texas

Instruments TL532 and TL533, National
Semiconductor ADC0829, and Motorola
MC14442

description

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

N DUAL-IN-LINE PACKAGE
(TOP VIEW)

2-3[s 2a[] A3 ANALOG
110 INPUTS
2-4s 23] A4
DATA 2-50» A Ac
BUS 22

2-6s 21[] A10/D1
2-70s 20[] A11/D2
2-8(sB) [Jio 19[] A12/D3
READ/WRITE (R/W) [J11  18[] A13/D4
CLOCK (CLK) [J12  17[] A14/D5
REGISTER SELECT (RS) [J13  16[] A15/D6
CHIP SELECT (CS) [J14  15[] RESET (R)

FN CHIP CARRIER PACKAGE
(TOP VIEW)

1 2-2

w[] 2~ 1(MsB)
~ [ GND

- REF-

([ REF+ (A1)
80 vee

8 Ao

25(] A2
24 A3
23[] A4
22[] A5

w N o,

OIJUILT N\

[\

ANALOG/
DIGITAL
INPUTS

Data Acquisition Circuits

2-79 21[] A10/D1
2-8(sB)[J10 20(] A11/D2
R/W [J11 19[] A12/D3

121314 15 16 17 18
(o N Vo Vo N o [ nn Num |

x,wlwur
Jxlo

A15/D6
A14/D5
A13/D4

FUNCTION TABLE

ADDRESS/CONTROL
RW|RS[CS|R |CLK

DESCRIPTION

X x| x [Lt Reset

Write bus data to control
register

Read data from analog
conversion register

Read data from ditigal
data register

X X| HI|H X | No response

L H|L|H 4

H L L]|H +

H| L |H +

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

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

self-test. LinCMOS is a trademark of Texas Instruments.
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
cumi'n_t as of puhlic;tintn date. :’r]c_nduml c:tn:torm g TE M
spacifications per the terms of Texas Instrumen! XAS
standard warranty. Production processing does not 2-139
necessarily include testing of all parameters. INSTRUMENTS
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

description (continued)

suno1n) uonisinboy ejeq NS

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

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

functional description

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

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

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point 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. This causes the device to treat 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 two-byte word is written into or read from the controlling processor, but a single byte can
be read by the processor by proper manipulation of 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 two-byte word is shown in Figures 1 through 3.

2-140

TeExas {?

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



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

functional description (continued)

A conversion cycle is started after a two-byte instruction is written into the control register and the start
conversion (SC) bit is a logic high. This two-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 completed, at that time the status bit is then set again. After conversion, the results

N

are loaded into the analog conversion data register. These results remain in the analog conversion data g
register until the next conversion cylce is completed. If a new conversion command is entered into the 3
control register while the conversion cycle is in progress, the on-going conversion will be aborted anda =
new channel acquisition cycle will immediately begin. (8]
The Reset input allows the device to be externally forced to a known state. When a low level is applied S
to the Reset input for a minimum of three clock periods, the start conversion bit is cleared. The A/D converter &
is then idled and all the outputs are placed in the high-impedance off-state. However, the content of the @
analog conversion data register is not affected by the Reset input going to a low level. g_
Detailed information on interfacing to most popular microprocessors is readily available from the factory. &’
(o]
]
a
DATA BUS 8
(2-8 — 2—1) ——4—~—p—
RW ——————p—
— DATA
€S ——————Q BUS o
RS ———————p—4 CONTROL
- LOGIC
R————p-g 8 A8 A8
CLOCK —————p—D
L 4 {u
ANALOG
DIGITAL DATA CONTROL CONVERSION
REGISTER REGISTER REGISTER
‘;6 (READ ONLY) (WRITE ONLY) (READ ONLY)
/
ANALOG MUX [ 4 4
ANALOG/DIGITAL Lo & ADDRESS g
INPUT
(A10/D1 — A15/D6) ,
A6
Y 8-BIT
EXTERNALANALOG 5 | 111 15 cHANNEL S:MN':'E' ANALOG-TO-DIGITAL
INPUT w7 “71 MULTIPLEXER Hou', CONVERTER
(AO, A2 — A5) (SWITCHED-CAPACITORS)
4 A1
REF+
REF—
T {l’
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""'——’I IWRITE C “ ! e RE:,ADCVC’[ ! e wRITE_,|
tsula) ¥ e ! tsuta) e I ! ! i i i IooreE
i ' L i
— | | T 1 T 1 T T t H
RW i ! | i | ! i | !
T 1 1 ! | | | ! !
[} 1 I | | 1 | : | : : =
tw(w)—.l :1— | tsu(cs) ‘H— : | : | i : \ I |
— 1 I | 1 r"l | -
& DON'T CARE i i ' | ! i l I ! o ) Y
! i P U jetsala) | i } ! i |
tta) ¥ - tu(a) ¥ - - - sua)] | | | !
: I
. .
i i i
1
! !
I 1
i

i
1
-» Il-'sn(bus) - j¢ten -» |"tm\ F—‘on |
tsu(bus)—¥ ! | | M ten | Sl -t 1 > -ten i |
1l b | | ! I ! | I M et M N"“’_(:'“”‘,‘,,w
ms Ls’ Ms Ls Ls Ls Ls ! | Ms Ls ms L' fsutbus)
BYTE BYTE BYTE BYTE BYTE BYTE BYTE 1 BYTE BYTE BYTE BYTE
DATA 7] HI-Z STATE HI-Z STATE
BUS _ | HI-Z HI-Z H-Z | Juiz| JHiz | iz HI-Z | HI-2 HI-Z |_|Hi-Z HI-Z HZ L)
. STATE STATE |STATEA STATEA STATEASTATE| STATE STATE [STATE STATE |gratg| STATE
SEE NOTE C SEE NOTE C ll
» SEE NOTE E
SEE NOTE A SEENOTEB SEE NOTE D SEE NOTE F SEE NOTE A
NOTES: A. This is a 16-bit input instruction from the microprocessor being sent to the control data register.
B. This is the 2-byte (16-bit) content of the digital data register being sent to the microprocessor.
C. This is the LS byte (8-bit) content of the analog conversion data register being sent to the microprocessor.
D. This is the LS byte (8-bit) content of the digital data register being sent to the microprocessor.
E. These are MS byte (8-bit), LS byte (8-bit), and LS byte (8-bit) content of the analog conversion data register or digital data
register being sent to the microprocessor. :
F. This is the 2-byte (16-bit) content of the analog conversion data register being sent to the microprocessor.
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

read or write cycle time sequence

CLK

CONTROL
INPUTS

R/W
RS

cs

DATA BUS
DATA OUT
(“READ")

DATA BUS
DATA IN
(“WRITE")

NOTES: A.

tricLk) -] Ja— -9 Je-trcLi)

CLOCK #1 CLOCK #10

1 2 3 l

g

{LJL"J.L

|
|
(See Note A) tsulal—o| e

£

|
: I START END —H
: 1 1 CONVERSION CONVERS|ON
L ! |
XRCRXRRRO | BRCK KKK IKKK
' . ! H&AAAAAAAAAAAA
| | | ! |
| 1 —»| le—tnic) !
‘su(cs)—-i' P— \ | i |
1| | | 1l T
X! 1 I 'ﬂ‘ 1
T !
|
i o i
! |I i ) |
fan"‘ “— | —.‘ |‘—‘en :
| |
|
] ] |
HI-Z vs ! Iz | gl HI-Z |
BYTE BYT l See Note B I
| | |
—’“‘—'dis -®||&tdis |
tsu(bus)—¥] s —.| I"‘ tsu(bus) :
| | \
HI-Z |_-:1 HI-Z : HI-Z I
ms | LS | |
BYTE | BYTE| | {
‘Mbus)"l 1 —.I l‘"h(bus) :
! 1
|
IQ—— tacq ——’I
The reset pulse (R low) is required only during power-up.

B. The most-significant byte output of Data Out occurs when CLK is high. When CLK is low, Data Out is in the high-impedance
(off) state. When CLK goes high again, the least-significant byte is placed on the data bus. At this point, the least-significant
byte will remain on the bus for as long as CLK is kept high.

Ti *l’
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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
LNES 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 2-8
X X X X X X X sC X X X X A3 | A2 | A1 A0
(MSB) (LSB)| |(MsSB) (LSB)
——————— MOST-SIGNIFICANT BYTE .I< LEAST-SIGNIFICANT BYTE —————————
16-BIT WRITE

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

Start Conversion (SC)— When the SC bit in the MS byte is set to a logical 1 (high level), analog-to-digital conversion of the specified analog channel
will begin i diately after the pletion of the control register write.

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

shown below:

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

s}na19) uonisinboy eieq ELN)

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

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 2-8
Eoc | o [ 0 [} 0 [} 0 R7 R6 | R5 | R4 R3 R2 R1 RO
(MSB) (LsB)| [(MsB) (LSB)
l&————— MOST-SIGNIFICANT BYTE !: LEAST-SIGNIFICANT BYTE————p
4 —  8BITREAD ——m
< 16-BIT READ

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

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

FIGURE 2. ANALOG CONVERSION DATA REGISTER ONE-BYTE AND
TWO-BYTE READ WORD FORMAT AND CONTENT

DATA BUS
LINES 2-1 2-2 2-3 2-4 2-5 2-6 2-7 3-8 1 2-2 2-3 2-4 2-5 2-6 2-7 -8
A16 | A14 | A13 | A12 | A11 | A10 ] A3 | A2 t

2-
A1l AO X X X X X X

/D6 /D5 /D4 /D3 /D2 /D1
(MSB) (LSB)

(MSB) (LSB)

|[&——— MOST-SIGNIFICANT BYTE .LL LEAST-SIGNIFICANT BYTE ———————p/

|¢—————————8-BIT READ ————— P

16-BIT READ

Shared Digital Port (A10/D1-A15/D6)— The voltage present on these pins is interpreted as a digital signal and the corresponding states are read from these
bits. A digital value will be given fcr each pin even if some or all of these pins are being used as analog inputs.

Analog Multiplexer Address (AO-A3)— The address of the selected analog channel presently addressed is given by these bits.

Unused Bits (X)— LS byte bits 2—3 through 28 of the digital data register are not used.

FIGURE 3. DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

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

N

ts

Data Acquisition C

Supply voltage, VCC (see Note 1) . .. ... oo e -0.3Vto6.5V
Input voltage range: Positive reference voltage . . . .. ................. VREF - to Vcc + 0.3V
Negative reference voltage . . .. ...................... —0.3 V to VREF +
All otherinputs ... ......... ... ... ... ..... -0.3VtoVce + 03V
Input current, I (any INPUL) . . . . L. e +10 mA :
Total input current, (all iNPUtS) . . . . ... +20 mA
Operating free-air temperature range: TLC532AM, TLC533AM . ... .......... -55°C to 125°C .
TLCB32AI, TLCB33Al ................. —40°C to 85°C
Storage temperature range . . . . .. oo u vttt et e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package............. 260°C
Case temperature for 10 seconds: FN package . .. ............ ..., 260°C
NOTE 1: All voltage values are with respect to network ground terminal.
recommended operating conditions
TLC532A TLC533A UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vcc 4.75 5 5.5 4.75 5 5.5 A\
Positive reference voltage, VREF + (see Note 2) 2.5 Vee Veg+0.1 2.5 Vee  Veg+0.1 \%
Negative reference voltage, VRer — (see Note 2) -0.1 0 2.5 -0.1 o] 2.5 \2
Differential reference voltage, VREF + — VREF - 1 Vee Vec+0.2 1 Vee Vec+0.2 \
. . Clock input Vce-0.8 Vcc-0.8
High-level input voltage, ViH All other digital inputs 2 2 v
Low-level input voltage, V|| Any digital input 0.8 0.8 \%
Clock frequency, foLk © 04 2 2.048 0.1 1.048 1.06 | MHz
CS setup time, tgy(CS) 75 100 ns
Address (R/W and RS) setup time, tsy(A) 100 145 ns
Data bus input setup time, tgy(bus) 140 185 ns
Control (R/W, RS, and CS) hold time, th(C) ’ 10 20 ns
Data bus input hold time, th(pys) 15 20 ns
Pulse duration of control during read, ty(C) 305 575 ns
Pulse duration, reset low, ty| (reset) 3 3 Clock
Cycles
Pulse duration of clock high, tywH(CLK) 230 440 ns
Pulse duration of clock low, ty| (CLK) 200 410 ns
Clock rise time, tr(CLK) 15 25 ns
Clock fall time, tf(CLK) . 16 30 ns
Operating free-air TLC_ _AM -55 125 -55 125 oc
temperature, TA TLC_ _Al -40 85 -40 85

NOTE 2: Analog input voltages greater than or equal to that applied to the REF + terminal convert to 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 4+, must be at least 1-volt greater than the negative reference voltage, VRgF — . In addition, unadjusted
errors may increase as the differential reference voltage, VRgr + — VREF — ., falls below 4.75 volts.

i
TexAs ‘b 9145
INSTRUMENTS -

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

ircul



TLC532AM, TLC532A1
LinCMOS™ 8-BIT ANALOG:TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

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

’

2 PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VOH High-level output voltage IoH = - 1.6 mA 2.4 \"
o VoL low-levei output voltage loL = 1.6 mA 0.4 v
igh-level Any digital or Clock input 10
o - rﬁgh evel ny digital o.r ock inpu Viy = 5.5V A
3 input current Any control input 1
Low-level Any digital or Clock input -10
> | . - ViL=10 kA
o input current Any control input -1
Q Off-state (high impedance-state) Vo=V 10
€ |loz oot 0= 7L ——1 #A
- put current Vo =0 10
g—’.- Iy Analog input current {see Note 3) V| = 0to Vcc +500 | nA
o Leakage current between selected channel V| = 0to Vce.
X +400 nA
3 and all other analog channels Clock input at 0 V
(o) R Digital pins 3 thru 10 30
— i Input t: F
= Gi nput capacitance Any other input pin 2 15 P
g Ve = VRers = 55V
% Icc+IREF+ Supply current plus reference current OSthuts 0':5:+ R 1.5 3| mA
Icc Supply current Vee =565V 1.4 2| mA

NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle.

operating characteristics over recommended operating free-air temperature range, VREF+ = VCC.
VREF - at ground, fcLK = 2 MHz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Linearity error See Note 4 +0.6 | LSB
Zero error See Note 6 +0.6 | LSB
Full-scale error See Note 5 +0.56 | LSB
Total unadjusted error See Note 6 +0.5 | LSB
Absolute accuracy error See Note 7 +1 LSB
Conversion time (including Clock
tconv L 30
channel acquisition time) Cycles
t, Channel acquisition time prior to starting conversion 10 Clock
acq q Y p! g Cycles
ten Data output enable time (see Note 8) CL = 50 pF, R = 3 kQ, 250 ns
tdis Data output disable time CL = 50 pF, R = 3 k@ 10 ns
tr(bus) ?ata .bus output High-impédance to high-level CL = 50 pF, R = 3 k@ 150 ns
rise time Low to high-level 300
Data bus output |High-impedance to low-level 150
HbUS) time High o low-level CL = S0pF, R = 3 k0 00| ™

TTypical values are at Vcc = 5V, Tp = 25°C.
Linearity error is the deviation from the best straight line through the A/D transfer characteristics.
Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for full-scale input voltage.
Total unadjusted error is the sum of linearity, zero, and full-scale errors.

. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step.

This includes all errors including inherent quantization error, which is the +0.5 LSB uncertainty caused by the A/D converters

finite resolution.

such that tgy(CS) + ten is equal to a maximum of 0.475 microseconds.

. If chip-select setup time, tgy(CS). is less than 0.14 microseconds, the effective data output enable time, tg, may extend

NOTES: 4.
5.
6.
7
8
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TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

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

N v

PARAMETER TEST CONDITIONS MIN_TYPT  mAX | uNIT
VOH High-level output voltage loH = —1.6 mA 2.4 \
VoL Low-level output voltage loL = 1.6 mA 0.4 Vv »
High-level Any digital or Clock input 10 =
IiH . - ViH = 5.5V uA b
input current Any control input 1 g
i Low-level Any digital or Clock input vy =0 -10 A =
L input current Any control input L= -1 a (&)
Off-state (high impedance-state) Vo=Vcc 10 [
loz — uA °
output current Vo = 0 -10 -
] Analog input current (see Note 3) Vi = 0toVce £500 | nA ?
Leak: it bet: lected ch | V} = 0to Vg, =
eakage current between selected channel | : o Vee +400 nA 35
and all other analog channels Clock input at O V o
c | " it Digital pins 3 thru 10 4 30 F 2
i nput capacitance
! P P Any other input pin 2 15| P
Vecc = VREF+ = 5.5V, i‘g
lcc+IREF+ Supply current plus reference current 1.3 3 | mA ©
Outputs open a
Icc Supply current Vee = 5.5V 1.2 2 | mA
NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one fuil conversion cycle.
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 See Note 6 +0.5 LSB
Absolute accuracy error See Note 7 +1 LSB
Conversion time (including Clock
tconv e 30
channel acquisition time) Cycles
o . . . . Clock
tacq Channel acquisition time prior to starting conversion 10
Cycles
ten Data output enable time (see Note 8) CL = 50 pF, R = 3kQ, 335 ns
tdis Data output disable time CL = 60 pF, R = 3 k@ 10 ns
Data bus output | High-impedance to high-level 150
tr{bus) CL = 50 pF, R = 3 k@
rise time Low to high-level L P L 300 ne
Data bus output | High-impedance to low-level 150
t(bus) CL = 50 pF, R = 3 k&
fall time High to Tow-level L =50pF R =3 300 | "
TTypical values are at Vcc = 5V, Ta = 25°C.
NOTES: 4. Linearity error is the deviation from the best straight line through the A/D transfer characteristics.
5. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for full-scale input voltage.
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors.
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step.
This includes all errors including inherent quantization error, which is the +0.5 LSB uncertainty caused by the A/D converters
finite resolution.
8. If chip-select setup time, tg,(CS). is less than 0.14 microseconds, the effective data output enable time, tgn, may extend
such that tg,(CS) + ten is equal to a maximum of 0.475 microseconds.
T {I’
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TLC540M, TLC540l, TLC541M, TLC541I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

D2799, OCTOBER 1983—REVISED DECEMBER 1985

LinCMOS™ Technology N DUAL-IN-LINE PACKAGE

(TOP VIEW)
® 8-Bit Resolution A/D Converter
iINPUT A0 [1 U201 vee
® Microprocessor Peripheral or Stand-Alone INPUT A1 []2 19[] SYSTEM CLOCK 2
Operation INpUT A2 [J3 18] 1o cLock
® On-Chip 12-Channel Analog Multipiexer INPUT A3 [(J¢  17[] ADDRESS INPUT g
INPUT A4 [Js  16]] DATA OuUT =
® Built-In Self-Test Mode INPUT A5 [J6  15[] CS e
® Software-Controllable Sample and Hold INPUT A6 []7 14l] REF + (&
) INPUT A7 [J8  13[] REF- c
® Total Unadjusted Error . . . +0.5 LSB Max INPUT A8 [ 12[ ] INPUT A10 K]
® TLC541 is Direct Replacement for Motorola GND [Jio 117 INPUT A9 B
MC145040 and National Semiconductor . =
ADCO0811. TLC540 is Capable of Higher FN CHIP CARRIER PACKAGE =3
Speed (TOP VIEW) 2
4
® Pinout and Control Signals Compatible with 8 S
TLC1540 Family of 10-Bit A/D Converters o ©
N — O Q
<< < =
TYPICAL PERFORMANCE ___ TLC540 | TLC541 555 UE
Channel Acquisition Sample Time 2 ps 3.6 us aaagn gf
Conversion Time 9 us 17 us Z2Z2Z2350n
Samples per Second 75 x 103 |40 x 103
Power Dissipation 6 mW 6 mW
. INPUT A3 1/0 CLOCK
description INPUT A4 DATA IN
The TLC540 and TLC541 are LinCMOS™ A/D INPUT A5 DATA OUT
peripherals built around an 8-bit switched- INPUT A6 Cs
capacitor successive-approximation A/D INPUT A7 REF +
converter. They are designed for serial interface
to a microprocessor or peripheral via a three- ®a®o
state output with up to four control inputs < 5 < Yy
[including independent System Clock, I/0 Clock, 55«
Chip Select (CS), and Address Input]. A $ %2
4-megahertz system clock for the TLC540 and - Tz
a 2.1-megahertz system clock for the TLC541
with a design that includes simultaneous
read/write operation allow high-speed data
transfers and sample rates of up to 75,180 samples per second for the TLC540 and 40,000 samples per
second for the TLC541. In addition to the high-speed converter and versatile control logic, there is an on-
chip 12-channel analog multiplexer that can be used to sample any one of 11 inputs or an internal ‘‘self-
test’’ voltage, and a sample-and-hold that can operate automatically or under microprocessor control.
Detailed information on interfacing to most popular microprocessors is readily available from the factory.
The converters incorporated in the TLC540 and TLC541 feature dproofifferential high-impedance reference
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply
noises. A switched-capacitor design allows guaranteed low-error ( +0.5 LSB) conversion in 9 microseconds
for the TLC540 and 17 microseconds for the TLC541 over the full operating temperature range.
The TLC540 and the TLC541 are available in both the N and FN plastic packages. The M-suffix versions
are characterized for operation from —55°C to 125 °C. The I-suffix versions are characterized for operation
from —40°C to 85°C.
LinCMOS is a trademark of Texas Instruments Incorporated
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
et o pobleton i, -t oo Texas W
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TLC540M, TLC540l, TLC541M, TLC541]
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

functional block diagram

REF+ REF—
__ 8BIT
] . SAMPLE > ANALOG-TO-DIGITAL -
AND CONVERTER
] HOLD (SWITCHED-CAPACITORS)
— 12-CHANNEL 8
anaLoc J —  anaLoG 1
mPu‘rsﬂ =] MULTIPLEXER
— oUTPUT 8 8-TO-1 DATA DATA
— DATA “—p— SELECTOR AND [— oo oo
1 4 INPUT REGISTER DRIVER
aa ADDRESS
-
] REGISTER
N\ 4 Y 4 A 4
al
4 L ﬂ
4/
SELF-TEST CONTROL LOGIC
REFERENCE > AND 1/0
COUNTERS
ADDRESS R INPUT 225
INPUT v MULTIPLEXER 7
2]
4 4
1o 5
cLock o
cs > 4
SYSTEM . -
CLOCK d
operating sequence
[1]2]|3|a|s|e]|7]s |1]2]|3]|a|s]|e]|7]s
1/0 [ DON’T’,,‘CAHE |
cLOCK — f— 1
14— ACCESS —py N_SAMPLE____”___ conv——" X l‘_A(:(:ESS_.I 4_SAMPLE
&= ' cvcLes '} CYCLEB (See Note A) CYCLEC CYCLEC
1, et ::mﬁtm, T
pay sy DON'T CARE P = DON'T CARE
ADDRESS ' (f cf i
weur 7B XE2XB1 X80 #— DO
HI-Z

%}aa@@@@@@@g"”“ EXEXEEENE R

4—PREVIOUS CONVERSION DATA A—p 44— CONVERSION DATA B————p
msB LSB MsB . msB LSB MSB
(See Note B)

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

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CSis brought low. The remaining
seven bits (A6-A0) 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, TLC5401, TLC541M, TLC541]
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

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

Supply voltage, Vcc (see Note 1) RN e 6.5V
Input voltage range (any input) . . .......... ... .. ... .. .. .. ... —-0. 3 V toVge + 0.3V 2
Output VOItage range . . ... .. ...ttt -0.3VtoVge + 03V
Peak input current range (any input) ... ... ... ... .. 10 mA
Peak total input current (all inputs) . ............. ... ... .. ....... R ... 30 mA g
Operating free-air temperature range: TLC54OI TLCB411............ .... —40°C1to 85°C 3
TLC540M, TLC541M -565°C to 125°C =
Storage temperature range . . . ... . ..ot ittt e —-65°C to 150°C (8]
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ........... . 260°C c
Case temperature for 10 seconds: FN package........ P .... 260°C K=]
NOTE 1: All voltage values are with respect to digital ground with REF — and GND wired together (unless otherwise noted). 'ﬁ
recommended operating conditions g.
TLC540 TLC541 ©
uNIT [~
MIN NOM MAX MIN NOM MAX
Supply voltage, Ve 4.75 5 5.5 4.75 5 5.5 v 2
Positive reference voltage, VRgF + (see Note 2) 2.5 Vee Vee +0.1 2.5 Vee Vee+0.1 \'Z g
Negative reference voltage, VRgr — (see Note 2) -0.1 0o 2.5 0.1 ] 2.5 Vv
Differential reference voltage, 1 Vee Vee+0.2 1 vee Vec+0.:2 v
VREF+ — VREF - (see Note 2)
Analog input voltage (see Note 2) (4] Vee 0 Vee
High-level control input voltage, V|y 2 2 Vv
Low-level control input voltage, V) 0.8 0.8 A
Setup time, address bits at data input
200 400 ns
before 1/0 CLKT, tgy(a)
Hold time, address bits after 1/0 CLKT, th(a) 0 ] ns
p— System
Setup time, CS low before clocking in first
3 3 clock
address bit, t5,(Cs) (see Note 3) eycles
System
TS high during conversion, tyH(Cs) 36 36 clock
cycles
Input/Output clock frequency, fcoLk(1/0) 0o 2.048 0 1.1 MHz
System clock frequency, foik(sYS) foLk(/0) 4 feLk/o) 21 MHz
System clock high, tyH(sYS) 110 210 ns
System clock low, ty| (SYs) 100 190 ns
Input/Output clock high, twH(1/0) 200 404 ns
Input/Output. clock low, tw(1/0) 200 404 ns
fCLK(SYS) = 1048 kHz 30 30
System ns
Clock transition time fcLk(sys) > 1048 kHz 20 20
(see Note 4) ™ fCLK(/0) < 525 kHz 100 100 e
fcLk(/0) > 525 kHz 40 40
Operating free-air TLC540M, TLC541M -55 125 — 565 125 og
temperature, Tp TLC540l, TLC5411 -40 85 - 40 85

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 “0’’s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than REF — voltage. Also, the total unadjusted
error may increase as this differential reference voltage falls below 4.75 volts.

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

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

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

electrical characteristics over recommended operating temperature range,

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

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
VOoH High-level output voltage (pin 16) Vee = 475V, loH = 360 pA 2.4 \
VoL Low-level output voltage Vee = 475V, loL = 1.6 mA 0.4 \2
Off-state (high-impedance state) Vo = Vce, CS at Vcc 10
loz — A
output current Vo =0, CS at Ve -10
IIH High-level input current V| = Vce 0.005 2.5 | uA
he Low-level input current Vi =0 —0.005 -2.5 A
Icc Operating supply current CSatOV 1.2 2.5 | mA
Selected channel at V¢, 0.4 1
Unselected channel at 0 V )
Selected channel leakage current pA
Selected channel at 0 V, 0.4 1
Unselected channel at Vcc i
Icc + IRer Supply and reference current VRer+ = V¢ CSatOV 1.3 3 |1 mA
5 Analog inputs 7 55
C; Input t:
! nput capacitance Control inputs 5 15 PF

TAll typical values are at Tp =

25°C.
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TLC540M, TLC540I, TLC541M, TLC541]
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

operating characteristics over recommended operating free-air temperature range,
Vce = VREF+ = 4.75V to 5.5 V, fCLK(1/0) = 2.048 MHz for TLC540 or 1.1 MHz for TLC541,
fCLK(SYS) = 4 MHz for TLC540 or 2.1 MHz for TLC541.

()

PARAMETER TEST CONDITIONS TLC540 TLCS4n UNIT
MIN TYP MAX MIN TYP MAX
Linearity error See Note 5 +0.5 +0.5 LSB ,‘_ﬁ
Zero error See Notes 2 and 6 +0.5 +0.5 LSB 3
Full-scale error See Notes 2 and 6 +0.5 +0.5 LSB .g
Total unadjusted error See Note 7 +0.5 +0.5 LSB (&]
Self-test output cod Input A11 address = 1011 | 01111101 10000011 | 01111101 10000011 c
elf-test output code
P (See Note 8) (125) (131) | (125) (131) _Q
tconv Conversion time See Operating Sequence 9 17 s -‘-’-,
Total d -
ota a«:icess' an See Operating Sequence 13.3 25 us =
conversion time o
Q
Ch | isition ti 1/0 g
annel acquisition time
tacq q See Operating Sequence 4 4 | clock
(sample cycle) ©
cycles -
Time output data g
ty remains valid after 10 10 ns
1/0 clocki
Delay time, |, lock!
tg elay time, /0 cloc 300 200 | ns
to data output valid
- See Parameter
ten Output enable time 150 150 ns
- " Measurement
tdis Output disable time . 150 150 ns
— Information
tr(bus) Data bus rise time 300 300 ns
tf(pus) Data bus fall time 300 300 ns
NOTES: 2. Analog input voltages greater than that applied to REF + convert to all “1"’s (11111111), while input voltages less than that

applied to REF — convert to all*’0’'s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts.
5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
6. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted 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 A11 analog input signal is internally generated
and is used for test purposes.

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

PARAMETER MEASUREMENT INFORMATION

14V
Vee
K
3k 3ke
oUTPUT TEST OUTPUT OUTPUT
TEST POINT EST P
UNDER TEST POINT  UNDER TEST UNDER TEST TEST POINT
C 3k c
CL L L
(SEE NOTE A) * I ) (SEE NOTE A”-_D 1 (SEE NOTE A) ==
= (SEE NOTE B) (SEE NOTE B)
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
td, tr, AND t¢ tpzH AND tpyz tpzL AND tp| 7z

Vee
cs
: ov
SYSTEM
cLock 1

OUTPUT
WAVEFORM 1 (SEE NOTE B)
(SEE NOTE C)

Vce

|
[
I
—> t?zn:d— —»l tpuz :4—

ouTPUT | o0% — — —~ Vou
WAVEFORM 2 50%
(SEENOTEC) ___ ov

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

i OUTPUT
e—td—»
|
—————————— 24v
DATA
OUTPUT ——— e ———— 08V

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

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

B. ten = tpzH Or tpzL, tdis = tPHZ Of tpLZ.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
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TLC540M, TLC5401, TLC541M, TLC5411
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation

The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select {CS), and
address]. These control inputs and a TTL-compatible 3-state output are intended for serial communications
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can
be completed in 9 microseconds, while complete input-conversion-output cycles can be repeated every
13 microseconds. With TLC541 a conversion can be completed in 17 microseconds, while complete input-
conversion-output cycles are repeated every 25 microseconds. 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 1/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 failing 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 1/0O 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 1/O pin and the sixth, seventh, and eighth conversion
bits are shifted out on the negative edges of these clock cycles.

4. The final eighth clock cycle is applied to the 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 /0O Clock cycle, CS must go high or the
1/0 Clock must remain low for at least 36 System Clock cycles to allow for the conversion function.

CS can be kept low during periods of multiple conversion. When keeping CSlow during periods of multiple
conversion, special care must be exercised to prevent noise glitches on the 1/O Clock line. If glitches occur
on the 1/0 Clock line, the I/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 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 36 System Clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.

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

principles of operation (continued)

s)NoI1) uonisinboay ejeq H

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

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

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

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

Detailed information on interfacing to most popular microprocessors is readily available from the factory.
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PRODUCT ’ TLC543M, TLC5431, TLC544M, TLC544]
PREVIEW 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

D2799, SEPTEMBER 1986

® LinCMOS™ Technology D, J. OR N PACKAGE
(TOP VIEW)
® 8-Bit Resolution A/D Converter
. . Ao+ U] vpp

® On-Chip 6-Channel Analog Multiplexer a1z 13[] REF +
® Built-In Self-Test Mode A2[ds 12[Jeoc "
A3[]s  11[] ADDRESS IN 2
® Software-Controllable Sample and Hold aa[ls 10[] /0 cLock ‘5
® Total Unadjusted Error . . . 0.5 LSB Max ReF-[Js6  o[]DATA OUT g
® End-of-Conversion Output GND []7 8{]Cs o
c
® Conversion Time . .. 17 us Max o
® Internal System Clock . . . 4 MHz Typ b_',
® Low Power Consumption . .. 6 mW Typ E—
Q
® Total Access and Conversion Cycles: -3
TLC543 . .. 45,500 c/s Min ©
TLC544 . . . 40,000 c/s Min T
o

description

The TLC543 and TLC544 are LinCMOS™ A/D peripherals built around an 8-bit switched-capacitor
successive-approximation A/D converter. They are designed for serial interface to a microprocessor or
peripheral via a three-state output with up to four control lines that include 1/0 Clock, Chip Select (CS),
Address Input, and End-of-Conversion Output (EOC). A 4-megahertz 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 TLC543 and 40,000 cycles for the TLC544. In addition to the high-speed converter and versatile
control logic, there is an on-chip 6-channel analog multiplexer that can be used to sample any one of five
inputs or an internal ‘’self-test’’ voltage and a sample-and-hold that 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 analog circuitry isolation from logic and supply noise.

A totally switched-capacitor design allows guaranteed low-error (+ 0.5 LSB) conversion in 17 microseconds
maximum for the TLC543 and the TLC544 over the full operating temperature range. The TLC543M and
TLC544M are characterized for operation over the full military temperature range of —55°C to 125°C.
The TLC543I and TLC544l are characterized for operation from —40°C to 85°C.

wl
>
&
(a1
LinCMOS is a trademark of Texas Instruments Incorporated D.
PRODUCT PREVIEW documents contain information . Copyright © 1986, Texas Instruments Incorporated
on products in the formative or design phase of /)
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TLC543M, TLC5431, TLC544M, TLC5441 PRODUCT
8-BIT ANALOG-TO-DIGITAL PERIPHERALS : PREVIEW
WITH SERIAL CONTROL AND 5 INPUTS

functional block diagram

REF + RE; -
] o | sawPET] SBIT -
o AND ANALOG-TO-DIGITAL
&  anawoc J T Hole M CONVERTER
™y INPUTS § ~] 6-CHANNEL (SWITCHED-CAPACITORS)
— anaLoG ”
g — ] muLTIPLEXER 1 8
a 3 [ weuT A
g <] aoress | ouTRUT | 8 [ 8-T0-1 DATA DATA
= REGISTER DATA . |2 SELECTOR AND OUTPUT
2. REGISTER DRIVER
6. [ I
3 SELF-TEST sl Lt 2t
REFERENCE 1
Q CONTROL LOGIC
3 : > AND 1/0
£  AppRess R INPUT 2 COUNTERS R ‘E:';"’q"‘l):é SION
<. > #—» >
= INPUT MULTIPLEXER - OUTPUT
) R i }
cLock > ¢ ¢ 1
s R SYSTEM
> cLock
operating sequence
tatc

-

Vo l11213]lals|6l7]s l11213]4a|5]e|7]s

ctock o LML U UU DON‘T:;;CARE |'”|||||||||||||||||||
|

| (] | [
le~ ACCESS - l¢—— SAMPLE —l¢————tconv———>» ¢~ ACCESS —» |¢—— SAMPLE —¥|
CYCLE B CYCLE B (See Note A) ! CYCLE C CYCLE C

1
Cs ra pa
=Ly e !
MSB  LSB e WHICS)—¥ 58 LsB

ADDRESS DON'T CARE DON'T CARE
inpuT 7 .00 S £ c2 co

DA s XXX XXX XNt DEEEOEEER

PREVIOUS > «+——CONVERSION DATA B——»

END OF msp CONVERSION DATA A | g~ g msB LSB MSB
CONVERSION | |

———3F

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

. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining
seven bits (A6-A0) will be clocked out on the first seven I/0 Clock falling edges.

C. To minimize errors caused by noise at the TS input, the internal circuitry waits for three internal system clock cycles (1.4 us

at 2 MHz) after a chip select transition before responding to control input signals. Therefore, no attempt should be made to

clock-in address data until the minimum chip-select setup time has elapsed.

M3IA3Hd 12NA0Yd .
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PRODUCT
PREVIEW

TLC543M, TLC5431, TLC544M, TLC544I
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
6.5V

Supply voltage, Vcc (see Note 1)

Input voltage range (any input) .. ........... ...t -0.3VtoVce + 0.3V 2
Output voltage range -0.3VtoVge + 03V
Peak input current range (any input) . ... ... .. ... +10 mA
Peak total input current (all iINPULS) . . .. ... ..ot e +30 mA 4]
Operating free-air temperature range: TLC5431, TLC544l.................... —40°C to 85°C =
TLC543M, TLC544M . . .. ............. -55°C to 125°C g
Storage temperature range . . . ... ... ..o v v tn e et —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 o
NOTE 1: All voltages are with respect to ground (GND pin) with REF— and GND wired together (unless otherwise noted). .‘:n,
=
recommended operating conditions g
TLC543 TLC544 UNIT ©
MIN NOM MAX MIN NOM MAX -
Supply voltage, Vcc 3 5 6 3 5 6 \ 8
Positive reference voltage, VRef + (see Note 2) 2.5 Vee Veeg+0.1 2.5 Vee Vec+0.1 \
Negative reference voltage, VRef — (see Note 2) -0.1 0 2.5 0.1 0 2.5 \
Differential reference voltage, VREF + — VREF - (see Note 2) 1 Vece Vee+0.2 1 Vee Vec+0.2] VvV
Analog input voltage (see Note 2) 0 Vce 0 Vee \
High-level control input voltage, V| (for Vcc = 4.75 to 5.5 V) 2 2 Y
Low-level control input voltage, V) _ (for Vcc = 4.75 to 5.5 V) 0.8 0.8 \
Input/Output clock frequency, fCLK(I/0)
{for Ve = 4.75 10 6.5 V) ° 2.048 ° I
System clock frequency, fcLk(/0) (for Vcc = 4.75 to 6.5 V) 4 2.1 MHz
Input/Output clock high, twH(1/0) 200 404 ns
Input/Output clock low, twL(1/0) 200 404 ns
1/0 clock transition time (see Note 3) fC_LK(I/O) < 1.1 MHz 100 100 ns
fcLk(/oy > 1.1 MHz 40
Duration of TS input high state during conversion, twH(CS) 17 17 us
Setup time, address bits at data input
before 1/0 CLOCKT, tsu(a) 200 400 "
Hold time, address bits after I/0 CLOCKT, th(A) 0 0 ns
Setup time, T3 low before clocking in first address bits, 14 1.4 us
tsu(CS) (see Note 4) ) ’
Operating free-air temperature, TA TLCS43M, TLCE44M —55 125 -55 125 °Cc
TLC543I, TLC544| -40 85 -40 85

NOTES: 2. Analog input voltages greater than that applied to REF + convert as all ““1’’s (11111111) and input voltages less than that

applied to REF — convert as all *’0’’s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than
REF — voltage. Also, adjusted errors may increase as this differential reference voltage falls below 4.75 volts.

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

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (1.4 pus
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, TLC544] PRODUCT
8-BIT ANALOG-TO-DIGITAL PERIPHERALS PREVIEW
WITH SERIAL CONTROL AND 5 INPUTS

electrical characteristics over recommended operating temperature range,
Vce = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/0) = 2.048 MHz for TLC543
or fCLK(I/0) = 1.1 MHz for TLC544

PARAMETER TEST CONDITIONS MIN TYPY MAX | uNIT
High-level output voltage,

N

E VoH Data out, EOC Vee = 475V, loH = —360 pA 24 A

8 VoL Low-level output voltage E;: out xgz ; :;: x: :g:: ; ?Z :': g: Y

g loz Off-state (high-impedance state) Vo = Vce. CS at Voo 10 WA

2o output current Vo =0, CS at Ve -10

(%' IH High-level input current Vi =Vge + 0.3V 0.005 2.5 rA

E.: L Low-level input current Vi =0 -0.006 -2.5 A

o Icc Operating supply current CSatoV 1.2 2 mA

; Selected channel at V¢, 0.4 1

- Unselected channel at O V .

- ||kg Selected channel leakage current See Figure 1 wA

[¢) Selected channel at 0 V,

§: Unselected channel at Voo o4 1

(4 IRer  Reference current VRep+ = Vce CSatoV 0.1 1 mA
Ci Input capacitance gg:lt‘:gl '::'il:;ss ; ?: pF

T Al typical values are at Ve = 5V, Tp = 25°C.

PARAMETER MEASUREMENT INFORMATION

vCcC
[
- | SELECTED
i @ ANALOG
INPUT
_‘_,__ OTHER
- ANALOG
9 INPUTS )
U FIGURE 1. SELECTED CHANNEL LEAKAGE CURRENT
=
®)
O
C
(@)
-
.")
X
m
<
<
. Te d
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operating characteristics over recommended operating free-air temperature range, VCC = VREF+ = 4.75t0 5.5 V,
fCLK(1/0) = 2.048 MHz for TLC543 or 1.1 MHz for TLC544

TLC543 TLC544
PARAMETER TEST CONDITIONS "N v MAX YT P MAX UNIT
Linearity error See Note 5 +0.5 +0.5 LSB
Zero error See Note 6 +0.5 +0.5 LSB
Full-scale error See Note 6 +0.5 +0.5 LsB
Total unadjusted error See Note 7 +0.5 +0.5 LSB
Self-test output code Input A5 address = 10110, 01111101 10000011 | 01111101 10000011
See Note 8 (125) (131) (125) (131)
tconv Conversion time See Operating Sequence 8 17 12 17 us
tatc Total access and conversion time See Operating Sequence 12 22 19 25 s
1/0
tacq Channel acquisition time (sample cycle) See Operating Sequence 4 4 clock
cycles
Time output data remains valid
v after 1/0 clockl 10 10 ne
td Delay time, I/0 clock! to data output valid 300 400 ns
ten Output enable time 1.4 1.4 ns
tdis Output disable time 150 150 ns
tr(bus) Data bus and EOC rise time 300 300 ns
(bus) Data bus and EOC fall time See Figure 2 300 300 ns
tPHL(EQC)  Propagation delay, 8th 1/0 clock! to EQC 400 400 ns
td(E0C) Delay time, EOC to DATA OUT (MSB) -1 -1 us
(see Note 9)
NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
6. Zero error is the difference between the output of an ideal and an actual A/D converter for zero input voltage; full-scale error is that same difference for full-
scale input voltage.
7. Total unadjusted error comprises linearity, zero, and full-scale errors.
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,

PRODUCT PREVIEW

is a negative value equal to four internal system clock cycles less internal propagation delays.
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TLC543M, TLC543I, TLC544M, TLC5441

PRODUCT

8-BIT ANALOG-TO-DIGITAL PERIPHERALS PREVIEW
WITH SERIAL CONTROL AND 5 INPUTS
PARAMETER MEASUREMENT INFORMATION
1.4V Vee
£ 3k
UN%lgNTJETST TEST POINT UN?)UELP?ETsT TEST POINT UN%”E:P‘T’JST TEST POINT
c 3k c
I(SEE N(ISTE A) . (See ﬁ:;te A)T I {See Nlt;te A)
= (sfe Nou::B) (See N=ote B)

LOAD CIRCUIT FOR

LOAD CIRCUIT FOR

LOAD CIRCUIT FOR

td. ty. and t¢ tpzH AND tpHz tpzL AND tpLz
Vee
cs —-\ 50%
| t————— ov
|
INTERNAL
SYSTEM |
CLOCK | |
l———tpz1——} le—d—tp 2z
ouTPUT ' ] Pt Vee
|
WAVEFORM 1 | (See Note B) s0% ! Yoo
(See Note C) | ————-—0V
j&———tpzH——»| l—>-tpHz
OUTPUT | frm—— e VOH
WAVEFORM 2 50% Kso%
(See Note C) ov

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

110 N
CLOCK *——-_-_ sv. o R ——- 24V
o8v OUTPUT | 1
[ | | X ———o04av
k_"‘_’! 1 1!
- e > et
DATA T TTTTTTT zav
outpUT N 0.8V
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR
RISE AND FALL TIMES
/0 8TH EOC 24V
CLOCK CLOCK 0.8V |
h je—td(EoC)—
j&——tpHL(EOC) . i |
[} 24V I
| DATA OUT
EOC
0.4V 0.4V l
j¢—VALID MsB—¥]
VOLTAGE WAVEFORMS FOR EOC TIMING
NOTES: A. Cp = 50 pF for TLC543 and 100 pF for TLC544.
B. ten = tpzH Of tpzL, tdis = tPHZ Of tPLZ.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output 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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PRODUCT TLC543M, TLC543I1, TLC544M, TLC544I
PREVIEW 8-BIT ANALOG-TO-DIGITAL PERIPHERALS

WITH SERIAL CONTROL AND 5 INPUTS

PRINCIPLES OF OPERATION

introduction

TLC543 and TLC544 are each complete data acquisition systems on a single chip. They include the functions
of analog multiplexer, sample and hold, 8-bit A/D converter, data and control registers, and control logic.
Flexible serial communication is achieved with a microprocessor or microcomputer using a TTL-compatible
three-state Data Out and four control lines: Chip Select (CS), I/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 A/D conversion, whose end
is signalled by EOC output going high. These Total Access and Conversion Cycles are completed in a
minimum of 22 us for the TLC543 and 25 us for the TLC544. Conversion can take place, in any order,
on the five analog inputs or the built-in self-test system.

The system clock, ‘which drives the control logic and the switched-capacitor successive approximation
A/D converter, is internal to the device and typically runs at a frequency of 4 MHz. This internal system
clock runs independently and there are no required phase or frequency relationships with other signals.

digital interface

The /O clock controls the acquisition of the analog signal as well as all serial data communications between
the TLC543 or TLC544 and the host processor. This I/O clock from the host consists of a burst of eight
pulses separated by the conversion time. Timing may be achieved by chip select (CS) synchronously gating
a continuous I/O 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 /O 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 previous conversion result appears at
Data Out, whose three-state output is enabled. The MSB of the new multiplexer address should be present
at the Address Input to conform with the setup time, tgy(A), requirements before the first rising edge of
the 1/0 clock. The muitiplexer address is shifted in on the first three rising edges of the 1/0 clock.

The first seven falling edges of /0 CLOCK shift out the remaining seven bits of the previous conversion
on DATA OUT. The eighth 1/O clock falling edge returns the MSB to the Data Out. Optimum serial transfer
takes place with the bit streams being read on the rising edges of the 1/0 clock for the respective devices
and Data Out and Address In lines.

At the fourth falling edge of the I/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. If it is desired to start the conversion at a specific point in time (or lengthen
the acquisition time), the host processor may leave the eighth I/O clock pulse in the high state until the
moment at which the analog signal must be sampled. After bringing the eighth 1/0 pulse low, the A/D
function is performed in the next 36 internal system clock cycles.

In applications where CS is held low continuously, the bursts of eight I/O clock pulses should be timed
to be at least tgony apart.
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8-BIT ANALOG-TO-DIGITAL PERIPHERALS ‘ PREVIEW
WITH SERIAL CONTROL AND 5 INPUTS

cs input

suNnou) uonisinboy ejeq WS

M3INTHd LDNA0Yd

To minimize bus contention caused by noise enabling the three-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 applies
also to a CS high-to-low transition, except for disabling of DATA OUT, which goes into a high-impedance
state immediately within the tgjs specification (see Figure 3). If this interruption of CS in the low state
is less than 1.5 internal system clock cycles, and hence not recognized, DATA OUT will be immediately
enabled with the return of CS to the low state. DATA OUT becomes enabled after a CS high-to-low transition
in time ten (equivalent to tgy(CS) for this device, see Figure 3).

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 will cause a reset condition that will abort
the conversion in progress. When a new access cycle is started, the previous conversion result will be output.

A new conversion may be restarted by toggling CS high-to-low at least tsu(CS) before the eighth falling
edge of the I/0 clock. The ongoing access cycle will be aborted. Again, when a new access cycle is started,
the previous conversion result will be output.

end of conversion output (EOC)

EOC goes low a propagation delay time tpHL(EOC) after the 8th falling edge of the I/0 clock, and goes
high when conversion is complete. At this time the MSB is available at Data Out; however, if CSis high
it will be 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(EQC) 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.

2-164
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ADVANCE TLC545M, TLC5451, TLC546M, TLC5461
INFORMATION LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

D2850, DECEMBER 1985

LincMOS™ Technology N DUAL-IN-LINE PACKAGE
(TOP VIEW)

INPUT A0 [ Uzs[J vee

INPUT A1 []2 27[] SYSTEM CLOCK

INPUT A2 []3 26[] 110 cLoCcK

On-Chip 20-Channel Analog Multiplexer INPUT A3 []4 25| ] ADDRESS INPUT
" INPUT A4 []s 24 ] DATA OUT

Built-In Self-Test Mode INPUT AS [ 16 2(1Ts

8-Bit Resolution A/D Converter

® Microprocessor Peripheral or Stand-Alone
Operation

Data Acquisition Circuits [li%

ADVANCE INFORMATION

Software-Controllable Sample and Hold INPUT A6 [}7 22| | REF +
- INPUT A7 []8 21 ] REF -
Total Unadjusted Error . . . ‘i 0.5 LSB Max INPUT A8 [Jo 201 INPUT A18
Timing and Control Signals Compatible with INPUT A9 [J1o 19 INPUT A17
8-Bit TLC540 and 10-Bit TLC1540 A/D INPUT A10 |11 18[] INPUT A16
Converter Families INPUT A11[J12 - 17[]JINPUT A15
INPUT A12 []13  16[ ] INPUT A14
TYPICAL PERFORMANCE TL545 TL546 GND [J14 [] INPUT A13
Channel Acquisition Time 1.5 pus 2.7 ps
‘s:°"VT'Si°; Time 26 M ‘:503 401 ’ ‘:So3 FN CHIP CARRIER PACKAGE
ampling Rate * x (TOP VIEW)
Power Dissipation 6 mW 6 mW
N3
o Q
description 9
: man—o 9%
The TLC545 and TLC546 are LinCMOS™ A/D <<<< =8
peripherals built around an 8-bit switched- FEEE I
N . . A SO D2D u;p©
capacitor successive-approximation A/D ezt of o
. S z2Z22Z2p=
converter. They are designed for serial interface ===
. . . / S S ) S ) S S S
to a microprocesor or peripheral via a three-state 4 3 2 1282726
output with up to four control inputs [including INPUT A4 []5 25[j ADDRESS INPUT
independent System Clock, 1/0 Clock, Chip INPUT A5 [16 24(] DATA OUT
Select (CS), and Address Input]. A 4-megahertz INPUT A6 []7 23[]CS
system clock for the TLC545 and a INPUT A7 [J8 22[) REF +
2.1-megahertz system clock for the TLC546 INPUT A8 []9 21} REF -
with a design that includes simultaneous INPUT A9 [J10 20} INPUT A18
read/write operation allow high-speed data INPUT A10 [J11 19[] INPUT A17
transfers and sample rates of up to 76,923 12 1314 1516 17 18
samples per second for the TLC545, and 40,000 e :”‘;“;L
samples per second for the TLC546. In addition Yooz
to the high-speed ter and versatile control LLoLLLL
o the high-speed converter and versatile control EE EEEE
logic, there is an on-chip 20-channel analog i EREZEER
multiplexer that can-be used to sample any one 2z zzzz
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 guaranteed low-error
(+0.5 LSB) conversion in 9 microseconds for
LInCMOS is a trademark of Texas Instruments Incorporated
ADVANCE INFORMATION documents contain . Copyright © 1985, Texas Instruments Incorporated
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uction 158 levelopment
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TLC545M, TLC5451, TLC546M, TLC5461
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

ADVANCE
INFORMATION
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the TLC545, and 17 microseconds 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 TLC545I
and the TLC546I are characterized for operation from —40°C to 85°C.

functional block diagram
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ADVANCE » TLC545M, TLC545I, TLC546M, TLC5461
INFORMATION LinCMOS™ 8-BIT ANALGG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

operating sequence

1 ]2]3]a]s|s]| 7] 1]2]3]afs|e|7]|s

/o ||||||||||||||||| DONT”CARE'
CLOCK —F 15

¢——ACCESS—P! ﬂ——SAMPLE-—N—-—— ——;. 4¢——ACCESS——p»y ,‘-—SAMPLE—’

cs ' l CYCLEC ' CYCLEC |
cs CYCLE B ' ' CYCLEB (See Note A)
f EWH(CS) ¢ |

f f
(See Note C)

se DON'T CARE = I():gzg
Ao eor Q@@@ & i XX
HI-Z
HI-Z STATE
®our — Q@@Q@QQQQ 00000000 \ -
4— PREVIOUS CONVERSION DATA A —D 4—— CONVERSION DATA B -————;.-;
MsB LSB MSB msB LSB MsB
(See Note B)

NOTES: A. The conversion cycle, which requires 36 system clock periods, is initiated with the 8th 1/0 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-AO) will be clocked out on the first seven 1/0 clock falling edges.
C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three system clock cycles (or less) after
a chip select transition before responding to control input signals. Therefore, no attempt should be made to clock-in address
data until the minimum chip-select setup time has elapsed.

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

Supply voltage, Vo (see Note 1) .. ... e e 6.5V
Input voltage range (any input) . .............. ... ... -0.3VtoVvce +0.3V
Output voltage range . . . . . ...ttt -0.3VtoVce +0.3V
Peak input current range (any input) . ... .. .. ... . e +10 mA
Peak total input current (all inputs) . . ... ... .. ... +30 mA
Operating free-air temperature range: TLC5451, TLC5461 .. .................. —40°C to 85°C

TLC545M, TLC546M . ... ............. -55°C to 125°C
Storage temperature range . . .. ... ... ...ttt -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. ... ........... .. iininnnnn.. 260°C

NOTE 1: All voltage values are with respect to network ground terminal.
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TLC545M, TLC5451, TLC546M, TLC5461

ADVANCE

LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS INFORMATION
WITH SERIAL CONTROL AND 19 INPUTS
recommended operating conditions
TLC545 TLC546 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vo 4.75 5 5.5 4.75 5 5.5 \"
Positive reference voltage, VREF + (see Note 2) 2.5 Vce Vec+0.1 2.5 Vee Vec+0.1| V
Negative reference voltage, Vief — (see Note 2) -0.1 0 Vgc-25 [ -0.1 0 Vcc-25 \
Differential reference voltage, VREF + — VREF - (see Note 2) 1 Vce Vect0.2 1 Vce Vect+0.2 Vv
Analog input voltage (see Note 2) [} Vee [0] Vee \
High-level control input voltage, V|4 2 2 \
Low-level control input voltage, V)i 0.8 0.8 \
Setup time, address bits at data input before /0 CLKT, tgy(A) 200 400 ns
Address hold time, tp 0 0 ns
Setup time, CS low before clocking in first 3 3 S:;t::]
address bit, tgy(Cs) (see Note 3) cycles
System
Chip select high during conversion, tywH(CS) 36 36 clock
cycles
Input/Output clock frequency, fCLK(1/0) o] 2.048 0 1.1 MHz
System clock frequency, fCLK(SYS) fcLk(/0) 4 fCLK(1/0) 21 MHz
System clock high, tywH(SYS) 110 210 ns
System clock low, ty|(SYS) 100 190 ns
Input/Output clock high, tywH(1/0) 200 404 ns
Input/Output clock low, ty (1/0) 200 404 ns
o foLk(sys) = 1048 kHz 30 30 ns
Clock transition time | ~ fCLK(SYS) > 1048 kHz 20 20
(see Note 4) 110 foLk(i/0) = 525 kHz 100 100 ns
fcLk(i/0) > 525 kHz 40 40
Operating free-air temperature, Tp TLCS45M, TLC546M —5% 125 —% 128 °C
' TLC545!, TLC5461 -40 85 -40 85

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 “’0’'s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than
REF — voltage. Also, total unadjusted errors may increase as this differential reference voltage falls below 4.75 volts.

3. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (or less)
after a chip select falling edge 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 Vjy min to V|| max or to rise from V|_ max to Vi4 min. In
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 microseconds

" for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling

microprocessor.
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TLC545M, TLC545I, TLC546M, TLC546I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

electrical characteristics over recommended operating temperature range,

VcC = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(1/0) = 2.048 MHz for TLC545
or fCLK(1/0) = 1.1 MHz for TLC546

PARAMETER TEST CONDITIONS MIN TYPt  MAX |[uNIT 2
VOH High-level output voltage (pin 24) Vee = 475V, loH = —360 pA 2.4 \ »
VoL Low-level output voltage Vee = 475V, loL = 3.2mA 0.4 \ -~
oz Off-state (high-impedance state) Vo = Vce. CS at vee 10 LA 8
output current Vo = 0, CS at Vce -10 o=
hH High-level input current V) = Vce 0.005 2.5 nA o
T8 Low-level input current V) =0 -0.005 -2.5 nA g
Icc Operating supply current CSatoV 1.2 2.5 | mA ::
Selected channel at Vcc, [}
0.4 1 '5
Selected channel leakage current Unselected channel at O V nA =2
Selected channel at 0 V, —04 _1 [T
Unselected channel at Voo <
Icc + IReF Supply and reference current VRerp+ = Vce. CSatov 1.3 3 mA 2
C; Input capacitance 2;::3[ I;::::': ; ?2 pF 8
TAll typical values are at Ta = 25°C.
operating characteristics over recommended operating free-air temperature range,
Vce = VREF+ = 4.75 V to 5.5 V, fCLK(I/0) = 2.048 MHz for TLC545 or 1.1 MHz for
TLC546, fCLK(SYS) = 4 MHz for TLC545 or 2.1 MHz for TLC546
PARAMETER TEST CONDITIONS TLC545 TLC546 UNIT
MIN TYP MAX MIN TYP MAX
Linearity error See Note 5 +0.5 +0.5 LSB
Zero error See Note 6 +0.5 +0.5 LSB
Fuli-scale error See Note 6 +0.5 +0.5 LSB
Total unadjusted error | See Note 7 +0.5 +0.5 LSB
Self-test output code input A19 address = 10011 | 01111101 10000011 [ 01111101 10000011
(See Note 8) (125) (131) (125) (131)
tcony Conversion time See Operating Sequence 9 17 us
Total access and See Operating Sequence 13 25 us
conversion time Z
110
tacq t(fhannel acquisition See Operating Sequence 3 3 clock 9
ime (sample cycle) r—
cycles <
Time output data
ty remains valid after 10 10 ns E
1/0 clockl 2 el
t Delay time, 1/O ch?ckl 300 400 ns O
to data output valid See Parameter L
ten Output enable time 150 150 ns Z
- - Measurement —
tdis Output disable time \nformation 150 150 ns
tr(bus) Data bus rise time 300 300 ns Ll
tf(bus) Data bus fall time 300 300 ns U
NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics. 2
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 for full-scale input voltage. >
7. Total unadjusted error is the sum of linearity, zero, and full-scale errors. Q
8. Both the input address and the output codes are expressed in positive logic. The A19 analog input signal is internally generated <
and is used for test purposes.
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TLC545M, TLC5451, TLC546M, TLC546I ADVANCE
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS INFORMATION
WITH SERIAL CONTROL AND 19 INPUTS

PARAMETER MEASUREMENT INFORMATION

Vee
14V 3ke
3ke outPuT TEST POINT ouTPUT
UNDER TEST UNDER TEST TEST POINT
cL 3ka cL
OUTPUT TEST (SEE NOTE A) [ (see NoTE AV 7L
UNDER TEST POINT = = =
(SEE NOTE B) (SEE NOTE B)
CL
(SEE NOTE A) I
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
tg, ty, AND t¢ tpzH AND tpyz tpzL AND tp; 2

Vee

cs m ‘ %50%

L — — — ov
|
o |
SYSTEM |
cLock l | { 1 || | | I |
|

—»
|
OUTPUT | Vee
WAVEFORM 1 (SEE NOTE B) |
(SEE NOTE C) | ov
—»

'PZH:‘— —»l tpHz :4—-

ouTPUT ] 0% — — —— VoH
WAVEFORM 2 50%
(SEE NOTE C) ov

> VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES
> 1o
2 cLock N - - 08V
O | OUTPUT
m —td—>
|
I N A it 24V
2 DATA
-n outrur 0 [N e e e — 08V
g VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR
g RISE AND FALL TIMES
> NOTES: A. Cp = 50 pF for TLC545 and 100 pF for TLC546
e | B. ten = .tpzH Or tpzL. tdis = tPHZ Of tpLZ
— C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
o Waveform 2 is for an output with internal conditions stch that the output is high except when disabled by the output control.
i
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ADVANCE TLC545M, TLC5451, TLC546M, TLC5461
INFORMATION LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS

WITH SERIAL CONTROL AND 19 INPUTS

principles of operation

The TLC545 and TLC546 are both complete data acquisition systems on single chips. Each includes such
functions as system clock, sample-and-hold, 8-bit A/D converter, data and control registers, and control
logic. For flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, 1/0
clock, and System clock. These control inputs and a TTL-compatible 3-state output facilitate serial
communications with a microprocessor or microcomputer. The TLC545 and TLC546 can complete
conversions in a maximum of 9 and 17 microseconds respectively, while complete input-conversion-output
cycles can be repeated at a miximum of 13 and 25 microseconds, respectively.

The System and 1/0 clocks are normally used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for
the device. Once a clock signal within the specification range is 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/O clock. The System clock will
drive the ‘‘conversion crunching’’ circuitry so that the control hardware and software need not be concerned
with this task.

When CS is high, the Data Output pin is in a high-impedance condition, and the Address Input and 1/0
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. CSis brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits
for two rising edges and then a falling edge of the System clock after a CS transition before the
transition is recognized. The MSB of the previous conversion result will automatically appear on
the Data Out pin.

2. A new positive-logic multiplexer address is shifted in on the first five rising edges of the 1/0 clock.
The MSB of the address is shifted in first. The negative edges of these five 1/0 clocks shift out
the 2nd, 3rd, 4th, 5th, and 6th most significant bits of the previous conversion result. The on-
chip sample-and hold begins sampling the newly addressed analog input after the 5th falling edge.
The sampling operation basically involves the charging of internal capacitors to the level of the
analog input voltage.

3. Two clock cycles are then applied to the I/O pin and the 7th and 8th conversion bits are shifted
out on the negative edges of these clock cycles.

4. The final 8th clock cycle is applied to the I/O clock pin. The falling edge of this clock cycle completes
the analog sampling process and initiates the hold function. Conversion is then performed during
the next 36 system clock cycles. After this final 1/0 clock cycle, CS must go high or the 1/0 clock
must remain‘low for at least 36 system clock cycles to allow for the conversion function.

CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple
conversion, special care must be exercised to prevent noise glitches on the I/0 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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It is possible to connect the system and I/O clocks together in special situations in which controlling circuitry
points must be minimized. In this case, the following special points must be considered in addition to the
requirements of the normal control sequence previously described.

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

2. The device will recognize a CS transition only when the CS input changes and subsequently
the system clock pin receives two positive edges and then a negative edge. For this reason,
after a CS negative edge, the first two clock cycles will not shift in the address because a
low CS must be recognized before the /0 clock can shift in an analog channel address. Also,
upon shifting in the address, CS must be raised after the 6th 1/O clock, which has been
recognized by the device, so that a CS low level will be recognized upon the lowering of the
8th 1/0 clock signal recognized by the device. Otherwise, additional common clock cycles will
be recognized as |/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 1/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 1/0 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/0O clock. The control
circuitry or software must then immediately lower the /0O 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.

2-172
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

D2816, NOVEMBER 1983—REVISED JULY 1986

® LinCMOSTM Technology TLC548M, TLC549M . . . D OR P PACKAGE
TLC548, TLC5491 . . . D OR P PACKAGE
® Microprocessor Peripheral or Stand-Alone TLC548C, TLC549C . . . D PACKAGE
Operation (TOP VIEW) 2
® 8-Bit Resolution A/D Converter rRer+ v Us[Jvee
® Differential Reference Input Voltages ANALOG IN[]2 7[Jvo cLock a2
REF-[]3 6[JDATA OUT 5
® Conversion Time . . . 17 us Max GND[4 s[]CS (2}
T
® Total Access and Conversion Cycles Per Second 5
TLC548 . . . up to 45,500 c
TLC549 . . . up to 40,000 o
® On-Chip Software-Controllable Sample-and-Hold K]
® Total Unadjusted Error . . . +0.5 LSB Max 3-
(3
® 4-MHz Typical Internal System Clock <
® Wide Supply Range .. .3V to 6 V S
©
® Low Power Consumption ... 6 mW Typ o
® 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

description

The TLC548 and TLC549 are LInCMOS™ A/D peripheral integrated circuits built around an 8-bit switched-
capacitor successive-approximation ADC. They are designed for serial interface with a microprocessor
or peripheral through a 3-state data output and an analog input. The TLC548 and TLC549 use only the
Input/Output Clock (/0 Clock) input along with the Chip Select (CS) input for data control.
The maximum I/0O clock input frequency of the TLC548 is guaranteed up to 2.048 megahertz, and the
1/0 clock input frequency of the TLC549 is guaranteed to 1.1 megahertz. 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 megahertz 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 microseconds.

The TLC548M and TLC549M are available in the D or P plastic package and are characterized for operation
over the temperature range of —55°C to 125°C. The TLC548l and TLC549I are characterized for operation
from —40°C to 85°C. The TLC548C and TLC549C are characterized for operation from 0°C to 70°C.

LinCMOS is a trademark of Texas Instruments.

PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
wm?it as of puhlic;tinn date. 'quqduml c:tnform g E b

specifications per the terms of Texas Instrument XAS

standard warranty. Production processing does not 2-173
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TLC548, TLC549
LinCMOS™ 8§-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

functional block diagram

s1N2419) uonisinboy eieq M\

(1
.
REF @ 8-BIT
REF— ANALOG-TO- s
DIGITAL b
ANALOG (2) | SAMPLE CONVERTER | 8
INPUT ] :(;“BD (SWITCHED- ouTPUT #—— 8701 DATA
CAPACITORS) DATA / SELECTOR (6) DATA
REGISTER 7 AND OUTPUT
— DRiver
<
4
INTERNAL
SYSTEM
CLocK CONTROL
LOGIC
cs 8 AND
7) OUTPUT
/0 cLock COUNTER
operating sequence
l11213lalslel7ls l11213]als]e]|7]s
110 rﬁlllllllllllllllll DONT::j:CARE |
CLOCK ! Access _! | sampLe teonv___y e Access__ ! | sampie |
toulCS) s CYCLEB *cvcie s ' (See Note A) s, CYCLEC ““cvcie ¢ ™
cs—! tsu(CS)
L, [ ? . J
e n—'wH(CSl———ﬂ s
I
HI-Z STATE "z
DATA - STATE
out Q@@Q@QQ@C T @Q@QQQQQC
| |
|  —PREVIOUS CONVERSION DATA A-—u | n———convsnsnon DATA B— ¥
ton-e—piMSB LSB MSB ton-o| eMSB LsBS MSB
(See Note B)

NOTES: A. The conversion cycle, which requires 36 internal system clock periods (17 ps maximum), is initiated with the 8th 1/O clock
pulse trailing edge after CS goes low for. the channel whose address exists in memory at the time.
B. The most significant bit (A7) will automatically be placed on the DATA OUT bus after TS is brought low. The remaining seven
bits (A6-A0) will be clocked out on the first seven 1/0 clock falling edges. B7-BO will follow in the same manner.
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

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

Supply voltage, VCC (see Note 1) ... ... . et 6.5V
Input voltage range at any input. . . .......... i e -0.3VtoVce+ 0.3V 2
Output voltage range . . . . . ... ... ... i -0.3VtoVcec+ 0.3V
Peak input current range (any input) . .. ... .. ... .. +10 mA
Peak total input current range (all inputs). ... ... ... ... . . . +30 mA ]
Operating free-air temperature range (see Note 2): TLC548M, TLC549M . ... ... —-55°C to 125°C ‘5
TLC548I, TLC54981 .......... —40°C to 85°C 2
TLC548C, TLC549C ........... 0°C to 70°C 6
Storage temperature range . . . .. ... ... ... ueutue et —-65°C to 150°C c
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. ... .................. 260°C K]
NOTES: 1. All voltage values are with respect to the network ground terminal with the REF — and GND terminal pins connected together, :z’
unless otherwise noted. =
2. The D package is not guaranteed below —40°C. 8‘
recommended operating conditions :
TLC548 TLC549 UNIT g
MIN NOM MAX MIN NOM MAX
Supply voltage, Vce 3 5 6 3 5 6| V
Positive reference voltage, VRgfF + (see Note 3) 25 Vee Vee +0.1 2.5 Vee Vee+0.1 \%
Negative reference voltage, VRgf — (see Note 3) -0.1 [9) 2.5 -0.1 0 25| V
Differential reference voltage, VRgf +. VREF — (see Note 3) 1 Vee Vee +0.2 1 Vee Vec+02 | Vv
Analog input voltage (see Note 3) 0 Vee 0 Vee| V
High-level control input voltage, V| (for Vcc = 4.75 V to 5.5 V) 2 2 \
Low-level control input voltage, V| (for Vcc = 4.75 V t0 5.5 V) 0.8 0.8 \4
Input/output clock frequency, fCcLK(1/0)
{for Ve = 4.75 V 0 5.5 V) o 2.048 0 11 | MHz
Input/output clock high, twH(1/0) (for Vee = 4.75V t0 5.5 V) 200 404 ns
Input/output clock fow, ty (1/0) (for Vcc = 4.75 Vto 5.5 V) 200 404 ns
Input/output clock transition time, ty(j;0) (see Note 4) 100 100 | ns
{for Vgc = 4.756 V to 6.5 V)
Duration of CS input high state during conversion, twH(CS) 17 17 s
{for Voo = 4.75 V 10 5.5 V) "
Setup time, CS low before first I/0 clock, tsy(CS)
(for Voe = 4.75 V 10 5.5 V) (see Note 5) 14 14 "
TLC548M, TLC549M -55 125 -56 125
Operating free-air temperature, Ta TLC548i, TLC5491 -40 85 —-40 85 °C
TLC548C, TLC549C o] 70 0o 70

NOTES: 3. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that
applied to REF — convert to all zeros (00000000). For proper operation, the positive reference voltage VRgF +, must be at
least 1 volt greater than the negative reference voltage VRF — . In additon, 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 V|4 min to V| max or to rise from V| max to
V|H min. In'the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us
for remote data acquisition applications in which the sensor and the ADC are placed several feet away from the controlling

microprocessor.

5. To minimize errors caused by noise at the 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 TS set-up time is given by the tgp and tsu(CS)

specifications.

{i’
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

electrical characteristics over recommended operating free-air temperature range,

Vee = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/0) = 2.048 MHz for TLC548
or 1.1 MHz for TLC549

) 2 PARAMETER TEST CONDITIONS MIN  TYP? MAX | UNIT
. VOH High-level output voltage Veec =475V, IpH = —360 xA 2.4 \4
O VoL Low-level output voltage V =475V, | = 3.2 mA 0.4 \%
o (o] cc oL
S loz Off-state (high-impedance Vo = Vee TS at Vco 10 v
state) output current Vg = 0, CS at V, -10
> 0o cC
o hH High-level input current, control inputs V| = Vce 0.005 2.5 A
-E I Low-level input current, control inputs V=0 -0.005 ~2.5 rA
- Analog channel on-state input Analog input at V, 0.4 1
7] ] cc A
- (on) current, during sample cycle Analog input-at O V -0.4 -1 s
=3
(<) Icc Operating supply current CSatoV 1.8 2.5 mA
; Icc +IREF Supply and reference current VRer+ = Vce 1.9 3| mA
. Analog inputs 7 55
= C Input ¢ it F
- J put capacitance Control inputs 5 15 P
2 .
@  operating characteritics over recommended operating free-air temperature range,
[/]

Vce = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/Q0) = 2.048 MHz for TLC548
or 1.1 MHz for TLC549

TLC548 TLC549
PARAMETER TEST CONDITIONS MIN_ TYPt MAX | MIN TYPT MAX UNIT
Linearity error See Note 6 +0.5 +0.5 LSB
Zero error See Note 7 +0.56 +0.5 LSB
Full-scale error See Note 7 +0.6 +0.5 LSB
Total unadjusted error See Note 8 +0.5 +0.56 LsB
tconv Conversion time See Operating Sequence 8 17 12 17 us
Total access and conversion time See Operating Sequence 12 22 19 25 us
Channel acquisition time i 1o
tacq (sample cycle) See Operating Sequence 4 4 | clock
cycles

Time output data remains

1, S
v valid after 1/0 clock! 10 10 n

Delay time to data

td . 1/0 clock! 300 400 ns
output valid

ten Output enable time 1.4 1.4 us

tdis Output disable time See Parameter 150 150 ns

tr(bus) Data bus rise time Measurement information 300 300 ns

tf(bus) Data bus fall time 300 300 ns

TAll typicals are at Voc = 5V, T = 25°C.
NOTES: 6. Linearity error is the deviation from the best straight line through the A/D transfer characteristics.
7. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for full-scale input voltage.
8. Total unadjusted error is the sum of linearity, zero, and full-scale errors.

{ip
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

Vee
14V 3k 2
OUTPUT 9
3k TEST POINT OUTPUT =
UNDER TEST UNDER TEST TEST POINT 3
CL 3ka cL =
OUTPUT TEST (SEE NOTE A) [ (SEE NOTE A) 7L 's]
UNDER TEST POINT = = =
(SEE NOTE B) (SEE NOTE B) c
oL 2
(SEE NOTE A) / | ) =
= n
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR g_
td, tr, AND tf tpzH AND tpyz tpzL AND tpy 2 5()
Vce 8
s 50% 5o%j|/ 8
| )
|

————————————— ov
|
je—tpz—) je— tpiz —
| |
ouTPUT | { — Vee ] i vee
WAVEFORM 1 | 50% I I
(SEE NOTE C) I | 10% v
———————— oL
| |
'c———tpzn—->| X
OUTPUT ! - VoH
WAVEFORM 2 j'[so% : X 90%
(SEE NOTE C)
'4——— tPHZ —b| ov

(SEE NOTE B)

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

/0
CLOCK
OUTPUT
24V
DATA
outfputr 0000 e —— 0.8V

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

NOTES: A. CL = 50 pF for TLC548 and 100 pF for TLC549; C| includes jig capacitance.
B. ten = tpzH Or tpzZL, tdis = tPHZ O 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 internai conditions such that the output is high except when disabled by the output control.

i .
Texas Lu 2-177
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



sunoaiy uopisinboy eieq S

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: 1/0 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 microseconds or less, while complete input-conversion-output cycles can.
be repeated in 22 microseconds for the TLC548 and in 25 microseconds for the TLC549.

The internal system clock and 1/O clock are used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for the device.
Due to this independence and the internal generation of the system clock, the control hardware and software
need only be concerned with reading the previous conversion result and starting the conversion by using the
1/0 clock. In this manner, the internal system clock drives the ‘’conversion crunching’’ circuitry so that the control
hardware and software need not be concerned with this task.

When CS is high, the data output pin is in a high-impedance condition and the I/O clock pin is disabled. This
CS control function allows the 1/0 Clock pin to share the same control logic point with its counterpart pin when
additional TLC548 and TLC549 devices are used. This also serves to minimize the required control logic pins
when using multiple TLC548 and TLC549 devices.

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

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits for
two rising edges and then a falling edge of the internal system clock after a CS! before the transition
is recognized. However, upon a CS rising edge, DATA OUT will go to a high-impedance state within
the tdjs specification even though the rest of the IC’s circuitry will not recognize the transition until
the tgy(CS) specification has elapsed. This technique is used to protect the device against noise when
used in a noisy environment. The most significant bit (MSB) of the previous conversion result will initially
appear on the DATA OUT pin when CS goes low.

2. The falling edges of the first four 1/O clock cycles shift out the 2nd, 3rd, 4th, and 5th most significant
bits of the previous conversion result. The on-chip sample-and-hold begins sampling the analog input
after the 4th high-to-low transition of the I/O Clock. The sampling operation basically involves the charging
of internal capacitors to the level of the analog input voltage.

3. Three more 1/0O clock cycles are then applied to the 1/0 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 1/O clock pin. The on-chip sample-and-hold begins the
hold function upon the high-to-low transition of this clock cycle. The hold function will continue for
the next four internal system clock cycles, after which the holding function terminates and the conversion
is performed during the next 32 system clock cycles, giving a total of 36 cycles. After the 8th I/0 clock
cycle, CS must go high or the I/O 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 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. If CS
is taken high, it must remain high until the end of conversion. Otherwise, a valid high-to-low transition
of CS will cause a reset condition, which will abort the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1
through 4 before the 36 internal system clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

PRINCIPLES OF OPERATION

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins sampling
upon the high-to-low transition of the 4th I/O clock cycle, the hold function does not begin until the high-to-low
transition of the 8th I/0 clock cycle, which should occur at the moment when the analog signal must be converted.

N

The TLC548 and TLC549 will continue sampling the analog input until the high-to-low transition of the 8th @
1/0 clock pulse. The control circuitry or software will then immediately lower the I/O clock signal and start the 3
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. CC’
2
]
3
o
o
g
1]
-
1]
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i
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PRODUCT
PREVIEW

TLC1205A, TLC1205B, TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

D2982, FEBRUARY 1987

ADVANCED LinCMOS™ Technology TLC1205
L . . J OR N DUAL-IN-LINE PACKAGE
® Self-Calibration Eliminates Expensive \TOP VIEW)

Trimming at Factory and Offset Adjustment
in the Field

N

ANLG Ve - [T U24[] DGTL vee

. . . o IN- []2 23[] D12/D7/0 (status)
12-Bit Plus Sign Unipolar or Bit Bipolar IN+ [Js  22f] D12/D6/SARS g
+% and =1 LSB Llneanty Error in Unipolar ANLG GND [J4 21[] D12/D5/0/DI5 g
Configuration REF [Is 20[ ] D12/D4/0/Dl4 110 =
. . ANLG Vce+ s 19{] D11/D3/0/DI3 BUS ©
® 10 pus Conver:o“r,\lglme (Mode 2) vos 18] D10/D2/BYST/DI2 e
(clock = 2.6 MHz) ] CLKIN[Je  17[] De/D1/EOC/IDIN K]
20 ;:s ﬁonv;rzolaglme (Mode 1) Wa o 16l D8/DO/INT/DIO =
(clock = 2. z) E o 15 WT 5
Compatible with All Microprocessors RD [J11 1a[] READY OUT 8‘
DGTL GND [f12 13[] STATUS
True Differential Analog Voltage Inputs L ] <
s TLC1225 ]
i g :;’ ss v IAn(al;o? V|°m::9e ?_anget,:";h Single J OR N DUAL-IN-LINE PACKAGE ®
-V Supply (Unipolar Configuration {TOP VIEW) [
® -5V to 5V Analog Voltage Range with
+ 5-V Supplies (Bipolar Configuration) g?;”‘ V‘EC
® Low Power . .. 25 mW Maximum D11
Replaces National Semiconductor ADC1205 g;o
and ADC1225 in Mode 1 Operation b8
description g; 110
The TLC1205 and TLC1225 converters are paois | BUS
manufactured with Texas Instruments highly D4/Di4
efficient ADVANCED LinCMOS™ technology. D3/DI3
Either of the TLC1205 or TLC1225 CMOS D2/DI2
analog-to digital converters can be operated as D1/DIn
a unipolar or bipolar converter. A unipolar input DO/DIO /
(O to 5 V) can be accommodated with a single
5-volt supply, while a bipolar input (-5 V to 5 V) requires the addition of a 5-volt negative supply.
Conversion is performed via the successive-approximation method. The 24-pin TLC1205 outputs the
converted data in two 8-bit bytes, while the TLC1225 outputs the converted data in a parallel word and
interfaces directly to a 16-bit data bus. Negative numbers are given in the 2'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 [T ]
capacitive ladder of the A/D conversion circuitry can be automatically or manually calibrated. If the ;
converters are operated in Mode 1, one of the seven internal capacitors is calibrated during the first part w
of the conversion sequence. For example, one capacitor is calibrated during the first conversion. The next o
capacitor is calibrated during the second conversion. If the converters are operated in Mode 2, the internal o
capacitors are calibrated during a nonconversion, capacitor-calibrate cycle in which all seven of the internal
capacitors are calibrated at the same time. A Mode 2 conversion requires only 10 us (2.6 MHz clock) after -
the nonconversion, capacitor-calibrating cycle has been completed. The calibration or conversion cycle O
may be initiated at any time by issuing the proper address to the data bus. The self-calibrating techniques =
eliminate the need for expensive trimming of thin-film resistors at the factory and provide excellent ()
performance at low cost. (@]
. (2
ADVANCED LinCMOS™ is a trademark of Texas Instruments Incorporated ﬂ.
PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated
on s i the frmati o s sha o Texas WP |
speeiﬁn':'mons are design goals. Texas Instruments E 2-181
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TLC1205A, TLC1205B, TLC1225A, TLC12258 PRODUCT
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR PREVIEW
ANALOG-TO-DIGITAL CONVERTERS

functional block diagram

MICROPROCESSOR

N
-
|
[
[
I
I
|
[
[
|
|
[
[
|
|
4

|
. 8Bl ! !
-BIT I 8 N 1
8-BIT SWITCH
PRA D
O ANGVce- c’“—'g‘;‘::“o" AT Gl CONTROL |
S 13BIT |
s N+ CAPACITOR DAC I 8-BIT SAR 0
S AND S/H T I REGISTER 1 !
< 4
g b { \ ! REGISTER 2 |
3 [ 1. COMP BBIT |
c 3 * / I'g P DATA
@ IN- 13-BIT | 11 ALY paTh |
2. REF CAPACITOR DAC | !
= ANDSH | 4 I YT oy 8-WORD !
-] 4 13— CALIBRATION | RAM :
o |—<-—,;3—0 DAC | ADDRESS | ADDRESS 0
= £13 | COUNTER | COUNTER |
e 5V . 10 V TRANSLATOR I 1 2 ) |
= 13-BIT SWITCH CONTROL ! CLOCKS |
< l 6 |
13 BIT SAR ;
<3 INPUT DATA LATCHES I
13-BIT CALIBRATION | !
CONTROL LOGIC < I
| A Y
13 | |
13-BIT DATA LATCH |2 I
6 ! |
l ‘ | 1| mux ~ CONTROL |
1/0 BUS —p—e %, el Rom |
TLC1205: # = 8 . ] I
TLC1225: # = 13 i
VOS —p- : PROGRAM !
< ' COUNTER |
<
! |
©—> — || |_]- - - _ J
WR >
RD —»
READY OUT ——g¢
STATUS —p_(TLC1205 ONLY)
>

In Mode 1, these converters are replacements for National Semiconductor ADC1205 and ADC1225
integrated circuits. The Mode 1 conversion time for guaranteed accuracy is 51 clock cycles. In the Mode 2

v operation, these devices are no longer true replacements. However, the Mode 2 conversion time for
g guaranteed accuracy is only 26 clock cycles.
w) The TLC1205AM, TLC1205BM, TLC1225AM, and TLC1225BM are characterized for operation over the
cC full military temperature range of —55°C to 125°C. The TLC1205Al, TLC12058BI, TLC1225Al, and
o) TLC1225BI are characterized for operation from —40°C to 85°C. .
—.'
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operation description

calibration of comparator offset

The following actions are performed to calibrate the comparator offset:

1. The IN+ and IN — inputs are internally shorted together in order that the comparator input is zero.
A course comparator offset calibration is performed by storing the offset voltages of the
interconnecting comparator stages on the coupling capacitors, which connect the interconnecting
stages. Refer to Figure 1. The storage of offset voltages is accomplished by closing all switches
and then opening switches A and A’, then switches B and B’, and then C and C’. This process
continues until all interconnecting stages of the comparator are calibrated. After this action, some
of the comparator offset still remains uncalibrated.

l GND . lGND LGND

AT A
Byadinose

?GND TGND TGND

FIGURE 1

2. An A/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR
and the result is stored in the RAM.

capacitor calibration of the ADC’s Capacitive Ladder

The following actions are performed to calibrate capacitors in the 13-bit DAC’s, which comprise the ADC’s
capacitive ladder:

1. The IN+ and IN — inputs are internally disconnected from the 13-bit capacitive DACs.

2. The most-significant-bit (MSB) capacitor is tied to REF, while the rest of the ladder capacitors are
tied to GND. The A/D conversion result for the remaining comparator offset, obtained in step 2
above, is retrieved from the RAM and is input to the 8-bit DACs.

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-bit DAC input is
returned to zero and the remaining comparator offset is then subtracted. Thus, the comparator
offset is completely corrected.

4. Now the MSB capacitor is tied to GND, while the rest of the ladder capacitors, 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 8-bit word from which a capacitor error is computed and stored in the RAM.

5. The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB
capacitor grounded and then performing the above Steps 1 - 4 while using the next most significant
capacitor in lieu of the MSB capacitor. The seven most significant capacitors can be calibrated
in this manner.
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FIGURE 2

analog-to-digital conversion
The following steps are performed in the analog-to-digital conversion process:

1. Step 1 of the Calibration of Comparator Offset Sequence is performed. The A/D conversion result
for the remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator
Offset, is retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is
completely corrected.

2.IN+ and IN - are sampled onto the 13-bit capacitive ladders.

3. The 13-bit analog-to-digital conversion is performed. As the successive-approximation conversion
proceeds successively through the seven most significant capacitors, the error for each of these
capacitors is recovered from the RAM and accumulated in a register. This register controls the
8-bit DACs so the total accumulated error for these capacitors is subtracted out during the
conversion process.

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

M3IATHd 1LONJd0dd

Supply voltage (ANLG Vcc+ and DGTL V) (seeNote 1) .. ..o oo 15V
Supply voltage, ANLG VO — « o vttt e e e -15V
Control and Clock input voltagerange . . . . ......... ... ... -0.3Vto +15V
Analog input (IN+, IN—-) voltage range,

VigandVi— ... ... ANLG Vcc- —0.3V to ANLG Vcc+ + 0.3V
Reference voltage range, Vief « -« « v v oo et oo i e —-0.3 Vto ANLG Vcc+ + 0.3V
Mode select voltage range, VOS .. ....................... -0.3VtoANLG Vcc+ + 0.3V
Output voltage range . ................oiiiiiinnnnnnnn. —-0.3 VtoDGTL Vcc + 0.3V
Input current (Per Pin) . . . . .. oo +5 mA
Input current (per package) . . . ... .. ... +20 mA
Operating free-air temperature rang