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~ IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality
control techniques are utilized to the extent TI deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Tl through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

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

Copyright © 1995, Texas Instruments Incorporated

Printed in U.S.A. by
Custom Printing Company
Owensville, Missouri



INTRODUCTION

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

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

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

® Dual-Slope Analog-to-Digital Converters (ADC)
Successive-Approximation Semi-Flash, and Flash ADC Converters
Current Multiplying and Video DAC Converters

High-Speed Converters for Control Applications

Color Palette Chips for Computer Graphics

Analog Interface Circuits for DSP Interface

Switched-Capacitor Filter ICs

® Other General-Purpose Functions

These products cover the requirements of PC and workstation multimedia applications such as audio, graphics,
communication applications, modems and cellular phones, video capture and image processing, industrial control
and disk-drive servo-loop control, automotive,f electronic instrumentation, consumer, digital audio and any DSP or
microprocessor-based system. New surface-mount packages include both ceramic and plastic chip carriers, and the
small-outline plastic packages that optimize board density with minimum impact on power-dissipation capability. The
equipment with handlers and test equipment. In addition, specifications and programs are continuously updated.
Quality and performance are monitored throughout all phases of manufacturing.

Included are those new products added to this volume as indicated by a dagger(t). The selection guide includes a
functional description of each device by providing key parametric information and packaging options. Ordering
information and mechanical data are in the last section of the book.

Complete technical data for all TI semiconductor products are 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 believe the new 1995 Data Acquisition Circuits Data Book will be a significant addition to your technical
literature from Texas Instruments.

LinBiCMOS, Advanced LinCMOS, and LinEPIC are trademarks of Texas Instruments Incorporated.
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- General Information



ANALOG-TO-DIGITAL CONVERTER
SELECTION GUIDE

N
$ & S
~ S
5 S $’ g &
s g &L F gy & ) &
o © £ S & O
§ 5§55 k4 ¢ &
f § &5 & & ¢ §
s 8 F 8 $
& S $ I &£ & L $
16/18 | TLC320AD57 44418'32 2 X 5 X X | 200 Dw 28 | Dual sigma-delta. SNR of 97 dB
TLC2543 10 66 1 5 X | X |12 DWNFN' 20 | Low cost, high resolution
12 11ivosast 0] e |1 33 x | x | 8 | O™ [20 |3vversionTLo2543
TLC1225/1125 | 12 83 1 +5 | X 85 N, FN 28 | Uni or bipolar with self-calibration
TLC1550/1661 6 164 1 5 X X 40 FN,NW | 24 | DSP front end with 3-state outputs
TLC1549 21| 38 |1 5 12 | OF% | 8 |Puuginupgrade for TLCs49
D, FK, .
TLV1549 21 38 1 33 X 8 G, P 8 |3V version TLC1549
o |TLC1543 21| 38 |1 5 X 12 | PWFN- 1 20 | pus in upgrade for TLC543
TLV1543 21 38 1" 3.3 X 8 DY;/' ;K' 20 |3V version TLC1543
DW, J, N,
TLC1541 21 32 1 5 12 FK, FN 20 |+1 LSB total error
TLC1540 21 32 1 5 12 DW, J, N, 20 | +0.5 LSB total error
FK, FN
TLC5510 20,000 | 1 5 X 90 NS 24 | Replaces Sony CXD1175
TLV5510% 20,000 | 1 3 X 60 NS 24 | 3V version of TLC5510
TLC5733% 20,000 | 3 5 X 375 QFP 64 | Triple ADC with clamp
TLC5540%% 40,000 | 1 5 | x 120 NS 24 | High speed ADC
TLCO0820A 1.2 392 1 5 X X 75 S'\:I’V(, F;':l 20 | Replaces AD7820 and ADC0820
TLCO838% 20 8 5 12 FN,N 20 | Replaces ADC0838
8 TLC540 9 75 1 5 12 S\QINN’ 20 | Replaces ADC0811 and MC145040
‘ DW, N, ) )
TLC541 17 40 1 5 12 FN 20 | Compatible with TLG1540 pinout
FN, N,
TLC542 20 25 1" 5 X 10 DW 20 | Replaces MC145041
TLC545 9 76 19 5 12 FN, N 28 | uP compatible
TLC546 17 40 19 5 12 FN, N 28 | uP compatible
TLC548 17 45.5 1 5 X 12 D,P 8 | uP compatible
TLC549 17 40 1 5 X 12 D,P 8 | uP compatible
T Budgetary pricing for 0°C to 70°C
" ¥ Indicates product preview
‘b TEXAS
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ANALOG-TO-DIGITAL CONVERTER

SELECTION GUIDE
GENERAL PURPOSE A/D CONVERTERS
l | |
fs>=1MSPS 100 KSPS < fg < 1 MSPS fg < 100 KSPS
tconv <=1us 1ps<teonv <10 s tconv <10 ps

I 5V Supply I

5V Supply

BET

TLV5510T,

TLC0820, TLC1550,
20 MSPS " -
392 KSPS 164 KSPS
TL5501, TLC5510,
20 MSPS 20 MSPS
TLC5733t,
20 MSPS, 5V Supply I | 3V Supply I
triple ADC, with clamp
TLCs540t,
40 MSPS ‘m *
TLV1549, TLV2543t,
38 KSPS 11 inputs,
TLV1543, 66 KSPS,
11 inputs, Sleep
38 KSPS

TLCO0832, 2 Inputs,T

TLC2543, 11 input,

TLC1549, 38 KSPS,

30 KSPS internal clock 10 ps, Sleep
TLCO0834, 4 inputs,T TLC1543, 11 inputs, TLC1225, 83 KSPS,
30 KSPS 38 KSPS self-calibrate
TLC0838, 8 inputs,T TLC1541, 11 inputs,
30 KSPS 32 KSPS
TLC540, 11 inputs, TLC1540, 11 inputs,
75 KSPS 32 KSPS
TLC541, 11 inputs,
40 KSPS
TLC542, 11 inputs,
25 KSPS -
TLC545, 19 inputs,
76 KSPS
TLC546, 19 inputs,
40 KSPS

TLC548, 45.5 KSPS
TLC549, 40 KSPS

1 Indicates product preview status at time of print.

TLC320ADS7, stereo,
Sigma Delta

“5’ TEXAS
INSTRUMENTS
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DIGITAL-TO-ANALOG CONVERTER

s %
v S & » &
& g & a
$ F Sy & g & 5 38 o
() & O (9) O N > &
£ ~ §F S 3 K\ g 12 3 & & $
% & & 5§ & £ £ & &
g & 8 & & g g & E s ¢ §
& g e § 5§ § § S s & o &
< Q ¥ O I < 2 2 3 ) Q Q < ‘ o
Dual audio sigma-
32, 37.8, delta DAC with
16/18 | TMS57014A | Serial | PWM | 2 N/A 5 44.1and | 350 | DWB 28 | interpolation filter
48 kHz and digital volume
control
Popular low cost
TLC7524 8, uP i 1 Ext,M {100ns | 5-15 | +0.5 5 | D,N,FN 16 | MDAC with latch for
_ DSP and pp’s
DW,N, Dual version of
TLC7528 8, uP l 2 | Ext,M |100ns| 5-15 | £0.5 ‘ 5 FN 20 TLC7524
DW.N Dual MDAC with
TLC7628 8, uP | 2 | Ext,M |100ns | 10-15 | £0.5 20 Fl:l ’ 20 | TTL-compatible
inputs
Separate reference
TLC7225% 8, uP \Y 4 Ext 5us +0.5 for each DAC
DW,N,
TLC7226% 8, uP \ 8 Ext 5pus +0.5 195 FN 20 | Replaces AD7226
Low power quad
TLCs620 |Serial | v |4 | Ext [tops| 5 | 21 10 | ND | 14 |DACwith
8 programmable x1 or
X2 output.
Low power, octal
TLos628 | Serial | V |8 | Ext |tous| 5 | +1 10 | NOW | 16 |DACwith
programmable x1 or
x2 output.
) 3 V version of
TLv5620% | Serial [ V 4 | Ext |10ps 3 +1 10 | N,D 14 | TLcss20
. 3V version of
TLvs628% | Serial | V 8 | Ext | 10ps 3 £1 10 | ND 16 | Tivse8
TLC5602 8 v | 1] ext |sons| 5 |z05|30MHz |80 | NOW | 18 '6%‘”‘”9' video
Triple video DAC
TL5632 8by3 v 3 Int 5 +0.5 | 60 MHz | 350 FR 44 | withinternal
reference.

T Ext, M — external reference, multiplying; PWM — Pulse width modulated
¥ Indicates product preview ‘

Q‘ TeEXAs |
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DIGITAL-TO-ANALOG CONVERTER

SELECTION GUIDE
D/A CONVERTERS
[ |
General Purpose " Stereo Audio
Video Graphics DACs DACs DACs
| Voltage Output l | Voltage Output I
I &Bit I | 18-Bit |
TL5632, triple, 60 MHz TMS57014A, Dual, De-emphasis Filter
TLC5602, 1 output, 30 MHz
I Voltage Output ] I Current Output J
[ Parallel Inputs I Serlal Inputs | _ Paraliel Inputs |
[ 1
TLC5602, 1 output, 30 MHz 8-Bit &-Bit - TLC7524, 1 output, 80 ns
TL5632, 3 outputs, 60 MHz, § V Supply 3V Supply TLC7528, 2 outputs, 80 ns

TLC7226, 4 outputs, 5 pst

TLC5620, 4 outputs, 10 us  TLV5620, 4 outputs, 10 ust

TLC7628, 2 outputs, 80 ns, 10-15V Voo

TLC5628, 8 outputs, 10 uys  TLV5628, 8 outputs, 10 usf
1 Indicates product preview status at time of print.
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DATA ACQUISITION AND CONVERSION
CROSS-REFERENCE GUIDE

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

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use

thereof. No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

DIRECT SUGGESTED
ANALOG T T
DEVICES REPLACEMENT REPLACEMENT
AD573 TLC1550INW
TLC1550IFN
TLC1551INW
TLC1551IFN
AD7524AD AD7524AN TLC7524IN
AD7524JN AD7524JN TLC7524CN
AD7528BQ AD7528BN TLC7528IN
AD7528KN AD7528KN TLC7528CN
AD7820K/B/T TLCO820A
AD7820L/C/U
AD7820 TLCO0820
AD7890 TLC2543IN
TLC2543IDW
TLV2543IN (3V)
TLV2543I1DW
ADC82AG .
AD82AM TLCO0820AIN
AD1878 TLC320AD57
AD9048 TLC5540INS
ADC-EK12DC TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN
ADC-EK12DR TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN
PM7524FQ TLC7524IN, AD7524AN
PM7524FP TLC7524CN, AD7524JN
PM7528 TLC7528, AD7528
DIRECT SUGGESTED
BROOKTREE Ti TI
REPLACEMENT REPLACEMENT
Bt101, 102, 253 TL5632CFR
DIRECT SUGGESTED
CRYSTAL TI Ti
REPLACEMENT REPLACEMENT
5336, 5339 TLC320AD57
‘W TeEXAS
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE
DIRECT SUGGESTED
FUJITSU T i
REPLACEMENT REPLACEMENT
MB40576 TL5501
MB40578 TLC5502 TLV5510 (3 V)
MB40778 TLC5602
DIRECT SUGGESTED
. HARRIS m T
REPLACEMENT REPLACEMENT
HI175 " TLV5510INS (3 V)
DIRECT SUGGESTED
LINEAR T TI
TECHNOLOGY REPLACEMENT REPLACEMENT
LTC1091 TLC1549IN
TLC15491DW
LTC1092/93/94 TLC1542IN
TLC1543IN
TLC1542IDW
. TLC1543IDN
LTC1291/92/93/94 TLC2543IDW
DIRECT SUGGESTED
MAXIM Tl T
REPLACEMENT REPLACEMENT
MAX17x Family TLC2543IN
TLC2543IDW
TLC2543IFN
TLC2543 (3V)
MAX509 TLC5620
MAX529 TLC5628
DIRECT SUGGESTED
MICRO T m
NETWORKS REPLACEMENT REPLACEMENT
MN5100/5101 TLCO0820ACN
MN5120/5130/5140 TLCO0820ACN
DIRECT SUGGESTED
MICRO T T
POWER SYSTEMS REPLACEMENT REPLACEMENT
MP7138AN TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN
{i’ .
TEXAS
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE
DIRECT SUGGESTED
MOTOROLA Tl TI
REPLACEMENT REPLACEMENT
MC14433P TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN
MC14444P TLC546IN
MC145040FN TLC541MFN TLC540MFN
MC145040L TLC541MJ TLC540MJ
MC145040P TLC541MN TLC540MN
MC145041P1 TLC542IN
MC14051 TLC1543IN
TLC1542IN
TLC1543IDW
TLC1542IDW
DIRECT SUGGESTED
NATIONAL Ti Tl
REPLACEMENT REPLACEMENT
ADCO0811BCJ TLC541IN TLC540IN
ADC0811BCN TLC541IFN TLC540IFN
ADC0811BJ TLC541MJ TLC540MJ
ADC0811CCJ TLC541IN TLC540IN
ADCO0811CCN TLC541IN TLC540IN
ADCO0811CCV TLC541IFN TLCS540IFN
ADC0811CJ TLC541MJ TLC540MJ
ADC0820BCD TLCO0820BIN
ADCO0820BCN TLCO0820BCN
ADC0820BD TLC0820BMJ
ADC0820CCD TLCO0820AIN
ADC0820CCN TLCO0820ACN
ADC0820CD TLC0820AMJ
ADCO0830BCN TLC546IN
ADCO0830CCN TLC546IN
ADCO0831BCJ TLCO0831BIP TLCS549IN
ADCO0831BCN TLCO0831BIP TLC549IN
ADC0831CCJ TLCO831AIP TLC549IN
ADC0831CCN TLCO831ACP TLC549IN
ADC0832BCJ TLC0832BIP
ADC0832BCN TLC0832BCP
ADC0832CCJ TLCO832AIP
ADC0832CCN TLC0832ACP
ADC0834BCJ TLC0834BIN
ADCO0834BCN TLC0834BCN
ADC0834CCJ TLCO834AIN ~
ADC0834CCN TLCO834ACN
ADCO0838BCJ TLCO0838BIN
ADC0838BCN TLC0838BCN
ADCO0838CCJ TLCO838AIN
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE
NATIONAL mﬁﬁcr SUGG_ﬁSTED
(Continued) REPLACEMENT REPLACEMENT
ADCO0838CCN TLCO838ACN
ADC1001CCJ TLC1541IN
ADC1005BCJ TLC1541IN
ADC1005CCJ TLC1541IN
ADC1225 TLC1225
ADC3511CCN TLC7135CN
ICL7135CN
ADC3711CCN TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN
MF4-50 TLCO4/MF4A-50
MF4-100 TLC14/MF4A-100
DIRECT SUGGESTED
PHILLIPS Ti TI
REPLACEMENT REPLACEMENT
NE5036FE/N/D TLC549CN/CD
NE5037F/N/D TLC549CN/CD
TDA8703 TLC5540INS
TDA8707 TLC5733IPM
: DIRECT SUGGESTED
SILICONIX I TI
REPLACEMENT REPLACEMENT
LD110CJ TLC7135N
ICL7135CN
LD111ACJ TLC7135CN
ICL7135CN
LD120CJ TLC7135CN
ICL7135CN
LD121ACJ TLC7135CN
* : ICL7135CN
Si7135CJ TLC7135CN
ICL7135CN
DIRECT SUGGESTED
SONY Tl TI
REPLACEMENT REPLACEMENT
CXD1175 TLC5510INS
TLV5510INC (3V)
CXD1179 TLC5540INS
X 1,
EXAS
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE
DIRECT SUGGESTED
TELEDYNE TI Ti
REPLACEMENT REPLACEMENT
TSC7135CPI TLC7135CN
ICL7135CN
TSC8701 TLC1541IN
TSC8704 - TLC1541IN
TSC14433CN TLC7135CN
ICL7135CN
INSTRUMENTS
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DEV,ICES- DISCONTINUED SINCE 1992 DATA BOOK

Analog-to-Digital Converters

ADC0803 ADCO0832 TL502 TLC5502-5
ADCO0804 ADC0834 TL503 TLCE503-2
ADCO0805 ADCO0838 TL505 TLC5503-5
ADC0808 TLC532/3 TL507 TL5501
ADCO0809 TL500 ADC0820T
ADCO0831 TL501\ TLC5502-2
1 Retaining the TLCO820A ’ '
Analog Interface Circuits
TLC32071
TLC32042
Analog Switches¥
TL181 TL191 TL607 TLC4066
TL185 TL601 TL610
TL188 TL604 TLC4016
¥ All analog switches and multiplexers in the data book are discontinued.
Filters
MF10A
MF10C
TLC10
TLC20
¥ 15
EXAS
INSTRUMENTS
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

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

INTRODUCTION

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

1. GENERAL TERMS

Analog-to-Digital Converter (ADC)

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

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

CONVERSION CODE Digital Output
RANGE OF | - pgyraL Code ideal Straight Line
ANALOG b
OUTPUT
INPUT CODE |
VALUES
0..101
4555 0..101
35445 0..100 step 0190 T Center
———1 —_—tr——————— T
{ 2535 0..011 ) (0..0114 -ﬁ)
N— e — t —— — \_____)__ _______ -4 _._/
1525 0..010
0..0101
0515 0...001
0..001—1T K
005 0..000 Step Width (1 LSB)
a Analog Input
0..000 - 1 f 5 i > vael P
0 1 2 3 4 5
.I Midstep Value
of 0...011
Quantization
Error
Analog Input
3 Value

LsB 41:!‘6“‘ Quantization Error (+ 1/2 LSB)

Figure 1. Elements of Transfer Diagram for an Ideal Linear ADC
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Analog-to-Digital Processor

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

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

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

NOTE 2: The compression or expansion law is usually a logarithmic function, e.g., A-law or p-law.
Conversion Code (of an ADC or a DAC)

The set of correlations between each of the fractional parts of the total analog input range or each of the digital
input codes, respectively, and the corresponding digital output codes or analog output values, respectively (see
Figures 1 and 2). ‘

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

Analog Output
Value
A

L

Ideal Straight Line

"]
4 —%
|¢——— Step Helght (1 LSB)

¢——— Step Value

{ 1 +——> Digital Input Code
0..000 0..001 0..010 0..01} 0..100 0..101
\/J\ Step
CONVERSION CODE N
r——="
Digital Input Code 0..000 [ 0..001 | 0..010 || 0..011 || 0..100 | 0..101
Analog Output Value 0 1 2 !_ 3 _! 4 5

Figure 2. Elements of Transfer Diagram for an Ideal Linear DAC
Digital-to-Analog Converter (DAC)

A converter that represents a limited number of different digital mput codes by a corresponding number of
discrete analog output values (see Figure 2)

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

b TEXAS
INSTRUMENTS
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' GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Fuli Scale (of a unipolar ADC or DAC)

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

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

Atermused to refer acharacteristic to the negative end of the transfer diagram, that is, to the step whose nominal
midstep value or nominal step value has the most-negative vaiue.

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

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

NOTE 1: The subscript for the letter symbol of a characteristic at positive full scale is FS+ (Vesy, IFs+)
NOTE 2: In place of a letter symbol, the abbreviation FS+ is in common use.
Fuli-Scale Range, Nominal (of a linear ADC or DAC) (VEsRnom: |IFSRnom) (see Figure 3)

The total range in analog values that can be coded with uniform accuracy by the total number of steps with this
number rounded to the next higher power of 2.

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

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

Full-Scale Value, Nominal (VEsnom: IFSnom)

A value derived from the nominal full-scale range:
- for a unipolar converter: VEgnom = VESRnom
- for a bipolar converter: VEgnom = 1/2 VESRnom (see Figure 3)

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

NOTE 2: In place of letter symbols, the abbreviation FS(nom) is in common use.
Full-Scale Range, (Practical) (of a linear ADC or DAC) (VgsR, IFsR) (VrsRrpr IFsRpr) (see Figure 3)
The total range of analog values that correspond to the ideal straight line.

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

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

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

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

{? TEXAS
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Digital Output
Code

Ideal Straight Line

VFS(NOM)
I‘/A—;l Input
® ® nalog Inpu
Value
0 7
e VFSR »
(a) UNIPOLAR ADC
Digital Output Digital Output
_Code _Code

-VFS(NOM)

VFs- Vzs
i

Ideal Straight Line

| VFs.
+VFES(NOM)

(b) BIPOLAR ADC WITH TRUE ZERO

Figure 3. Ideal Straight Line, Full-Scale Value and Zero-Scale Value
(Shown for Ideal Linear ADCs)

-VES(NOM)

VFs-

+2
+VES(NOM)
Vzs.

V) = Analog
Input Value

(c) BIPOLAR ADC WITH NO TRUE ZERO

Ideal Straight Line

1-16
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Gain Point (of an adjustable ADC or DAC)

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

NOTE: Gainadjustment causes only achange of the slope of the transfer diagram, without changing the offset
error.

Ideal Straight Line (of a linear ADC or DAC)

In the transfer diagram, a straight line between the specified points for the most-positive (least-negative) and
most-negative (least-positive) nominal midstep values or nominal step values, respectively (see Flgures 1,2,
and 3).

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

Linear ADC

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

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

A DAC having steps ideally of equal height (see Figure 2).
LSB, Abbreviation

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

Example: In the natural binary numeral 1010, the rightmost bit O is the LSB.
LSB, Unit Symbol (for linear converters only)

The unit symbol for the magnitude of the analog resolution of a linear converter, which serves as a reference
unit to express the magnitude of other analog quantities of that same converter, especially of analog errors, as
multiples or submultiples of the magnitude of the analog resolution.

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

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

In this case, the identity:
1 LSB = analog resolution
leads, for an n-bit resolution, to:

FSR _ FSR(nom)

1 LSB = == o
Midstep Value (of an ADC)
The analog value for the center of the step excluding the steps at the two ends of the total range of analog input

values.

NOTE: Forthe end steps, the midstep value is defined as the analog value that results when the analog value
for the transition to the adjacent step is reduced or enlarged, as appropriate, by half the nominal value
of the step width (see Figure 1).
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Gain Point
My———————— - - —— —r-o\)
/
10 -~ / :
I// :
101 Hd’
(] / I
3 Ideal Straight Line |
8 100 |
5 /
§ N |
S o1 7= I
5 A |
8 o104+ Fz_l I
vl
001 -~ /r/—l :
/1
B S —
Offset Point o 1+ 2 3 4 5 6 7
Analog Input Value
(a) BEFORE ADJUSTMENT
Gain Adjustment -\‘
MMy 107X Y 4 Meop———————— - ——— — ]-)(—/
I 7 I A
. / v
10+ |—|-J—j/ I 10 |——\J7'—' {
| 1/ ' ‘ | A
101 ]--,-J— : 101 I'"‘I'I7a I
) L7 | 8 4 |
3 ol ~ _ 8 ol
i — I a |
g o1 |—'-17£l l g o T rr-/-;‘ﬁ :
& | N | B ! |
5 C) ,
R e l 8 oo q—;z" }
| A Jv4
001 j2 I 001 - |
LA l / l
"’ | ! |
ooo @ 4p—rmafQ—oAQ—ofQ—oF—4— 000 &—————+—F—+—
1 2 3 4 5 6 7 o 1 2 3 4 5 6 7

[«
\— Offset Adjustment

(b) AFTER OFFSET ADJUSTMENT

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

Figure 4. Adjustment in Offset Point and Gain Point for an ADC

Analog Input Value Analog Input Value
(c) AFTER OFFSET AND GAIN ADJUSTMENTS
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A —

/;&' Gain Point

Analog Output Value
\
AN

7/ 7/ Ideal Straight Line

| | | | | |
o 1 T T T T i

Offset Point 000 o001 010 011 100 101 110 1
Digital Input Code

(a) BEFORE ADJUSTMENT

- —————

Gain Adjustment

L i L R 1
7 7
V. 7 »
6 - alue Before X X 6 — /7 |
Adjustment / & / /7 x
\‘X// - s
5 e 2 5 27 x|
o a” | o / A |
H O 2 /X
2 4 4 : £ 4 /7 )(/ }
H x * | B & |
3 s ¥4 | 8 a / |
i X 4 |l 8 4 |
s y v =1 / Value After Offset |
S 9/ | e /7 Adjustment
< 2 / | < 2 / |
y ! ) 4 |
1 Offset Adjustment | 7 I
4 | | | | | | .// | | | | ] | l
o T T T T ! | o T T T T ] T !
000 001 010 011 100 101 10 111 000 001 010 O11 100 101 10 111
Digital Input Code Digital Input Code
(b) AFTER OFFSET ADJUSTMENT (c) AFTER OFFSET AND GAIN ADJUSTMENTS

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

Figure 5. Adjustment in Offset and Gain Point for a DAC

Midstep Value, Nominal (of an ADC)

A specified analog value within a step that is ideally represented free of error by the corresponding digital output
code (see Figure 1).
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A
0.. 111 1 —
Missing Code |
0..110 4 T~
|
0..101 4 I__l
: |
3 0..100 {_J
=
o +
2 0..011 ,——-—-I
=
o
0..010 9 |
—‘\'k— Missing Code
0..001 |—'
|
0..000 @——} | | } | | >
0 1 2 3 4 5 6 7
Analog Input Value (LSB)
Figure 6. Missing Code for an ADC
Missing Code (of an ADC)

An intermediate code that is absent when the changing analog input to an ADC causes a multiple code change
in the digital output (see Figure 6).

Monotonicity (of an ADC or a DAC)

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

NOTE: An intermediate increment with the value of zero does not invalidate monotonicity.
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4 A
0..111 7
B ya
0..110 -4 — 6+ /,0’
' 8 /
0..101 - 2 5L
g - 4
0..100 + 2 4 /
= ... 100 I——-—1 3 /
H ! 3 Y /
© o..0114 — | ® 3T N //
3 B 3 VA
a 0..010 T H L-A < 2 ~+— //
i v
/
0...001 ,—‘ 1/ y
|
oot > o
o 1 2 3 4 5 & 7 0...000 | 0...010 I 0..100 | 0..110 |
Analog Input Value (LSB) 0...001 0..011  0..101 0..111
(a) ADC Digital Input Code
(b) DAC
Figure 7. Nonmonotonic Conversion of an ADC or DAC
Multiplying DAC

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

Nonlinear ADC or DAC

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

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

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

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

Resolution (general term)

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

NOTE 2: Resolution is a design parameter and therefore has only a nominal value.

NOTE 3: The terms for these different forms may all be shortened to resolution if no ambiguity is likely to occur
(for example, when the dimension of the term is also given).

Resolution (of an ADC)
The degree to which nearly equal values of the analog input quantity can be discriminated.
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Resolution (of a DAC)
The degree to which nearly equal values of the analog output quantity can be produced.
Resolution, Analog (of a linear or nonlinear ADC or DAC)

For an ADC: The nominal value of the step width.
For a DAC: The nominal value of the step height.

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

Resolution, Numerical
The number (n) of digits in the chosen numbering system necessary to express the total number of steps. .
NOTE 1: The numbering system is normally a binary or a decimal system.

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

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

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

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

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

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

Step Helight (Step Size) (of a DAC)

The absolute value of the difference in step value between two adjacent steps in the transfer diagram. (see
Figure 2).

NOTE: For companding DACs, the term step size is in general use.
Step Value (of a DAC)

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

A specified step value that represents free of error the corresponding digital input code (see Figure 2).
Step Width (of an ADC) '

The absolute value of the difference between the two ends of the range of analog values corresponding to one
step (see Figure 1).
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Temperature Coefficients of Analog Characteristics (o)

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

Example: Temperature coefficient of the gain error: agg

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

Zero Scale (of an ADC or a DAC with true zero) [see Figures 3(a) and 3(b)]
Aterm used to refer a characteristic to the step whose nominal midstep value or nominal step value equals zero.
NOTE 1: The subscript for the letter symbol of a characteristic at zero scale is ZS.
NOTE 2: In place of a letter symbol, the abbreviation ZS is in common use.

Zero Scale, Negative (of an ADC or a DAC with no true zero) [see Figure 3(c)]
A term used to refer a characteristic to the negative step closest to analog zero.
NOTE 1: The subscript for the letter symbol of a characteristic at negative zero scale is ZS— (Vzs—, Izg-).
NOTE 2: In place of a letter symbol, the abbreviation ZS- is in common use.

Zero Scale, Positive (of an ADC or a DAC with no true zero) [see Figure 3(c)]
A term used to refer a characteristic to the positive step closest to analog zero.
NOTE 1: The subscript for the letter symbol of a characteristic at positive zero scale is ZS+ (Vzs,., 1zs4)-
NOTE 2: In place of a letter symbol, the abbreviation ZS+ is in common use.

2. STATIC PERFORMANCE

Accuracy (see Errors, Part 4)
Asymmetry, Full-Scale (of a DAC with a bipolar analog range) (Alggs, AVEss)

The difference between the absolute values of the two full-scale analog values.
Compliance, Current (of a DAC) (Io(op))

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

The permissible range of output voltage within which the specifications are valid.
Error (see Part 4)
Supply Voltage Sensitivity, (of a DAC) (ksys)

The change in full scale output current (or voltage) caused by a change in supply voltage.

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

Conversion Rate (of an externally controlled ADC) (fc)
The number of conversions per unit time. ‘
NOTE 1: The maximum conversion rate should be specified for full resolution.
~NOTE 2: The conversion rate is usually expressed as the number of conversions per second.

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

Conversion Time (of an ADC) (tc)

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

Delay Time, (Digital) (of a linear or a multiplying DAC) (tg, tad)

The time interval between the instant when the digital input changes and the instant when the analog output
passes a specified value that is close to its initial value, ignoring glitches (see Figure 8).

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

Delay Time, Reference (of a multiplying DAC) (tq4,)

The time interval between the instant when a step change of the reference voltage occurs and the instant when
the analog output passes a specified value that is close to its initial value.

Feedthrough Capacitance (Cg)

The value of the capacitance for a specified value of R in an equivalent circuit for the calculation of the
feedthrough error.

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

Feedthrough Error (see Part 4)
Glitch (of a DAC)

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

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

Glitch Energy (of a DAC)
The time integral of the electrical power of the glitch transient.
NOTE 1: Usually, the maximum specified glitch energy refers to a specified worst-case codé change.
NOTE 2: Instead of a letter symbol, the abbreviation GE is in use.
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Analog Output
A

tsd

Specified
tgg —P Error Band (t¢)

Final Value

Glitch —

tsd = Digital Settling Time
| tdd tsa = Analog Settling Time
Somd = Digital Slew Rate

tdd = Digital Delay Time
Digital Change —-T

Figure 8. Output Characteristics of a Linear or a Multiplying‘DAc
for a Step Change in the Digital Input Code

Pedestal (Error) (Ep) (see Part 4)
Ramp Delay, Steady-state (of a multiplying DAC) (tq(ramp))

The time separation between the actual curve of the analog output and the theoretical curve (with no delay) for
a ramp in reference voltage, after the settling time to steady-state ramp has elapsed (see Figure 9).

Settling Time, Analog (of a DAC) (tg,)

The time interval between the instant when the analog output passes a specified value and the instant when
the analog output enters for the last time a specified error band about its final value (see Figures 8 and 10).

Settling Time, (Digital) (of a linear or a multiplying DAC) (tg, tsq)

The time interval between the instant when the digital input changes and the instant when the analog output
value enters for the last time a specified error band about its final value (see Figure 8).

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

Settling Time, Reference (of a multiplying DAC) (tgy)

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

NOTE: Specifications for the reference settling time are usually given for the highest allowed step change in
reference voltage.

Settling Time to Steady-State Ramp (of a multiplying DAC) (ts(ramp))

The time interval between the instant a ramp in the reference voltage starts and the instant when the analog
output value enters for the last time a specified error band about the final ramp in the output (see Figure 9).
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Analog Output
A

Ramp in Reference .

”
rd
e

td(ramp)
—tg(ramp) ———W

e
Voltage Vyef // e Final Ramp In Output
Yy £
= ‘
oty /-f‘—\—s ified Error Band
P peci rror Ban
e //

ts(ramp) = Settling Time to Steady-State Ramp Delay
td(ramp) = Steady-State Ramp Delay

v
L d

Figure 9. Output Characteristics for a Ramp in Reference Voltage of a Muitiplying DAC

Analog Output
A

Specified
Error Band (t¢)

Vref K‘

Final Value

tdr = Reference Delay Time
tsr = Reference Settling Time
tsa = Analog Settling Time
Somr = Reference Slew Rate

>t

Figure 10. Output Characteristics for a Step Change in Reference Voltage of a Multiplying DAC

Skewing Time, Internal (of a DAC)

The difference in internal delay between the individual output transitions for a given change of digital input.

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

source of commutation noise.

Slew Rate, (Digital) (of a linear or a multiplying DAC) (Som, Somp)
The maximum rate of change of the analog output value when a change of the digital input code causes a large

step change of the analog output value (see Figure 8).
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NOTE 1: For a multiplying DAC, the full term and the additional subscript D must be used to distinguish
between the digital and the slew rate.

NOTE 2: The abbreviations SR and SR(dig) are also used.
Slew Rate, Reference (of a multiplying DAC) (SomR)

The maximum rate of change of the analog output following a large step change of the reference voltage (see
Figure 10).

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

4. ERRORS, ACCURACY

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

Absolute Accuracy Error
Synonym for total error.
Feedthrough Error (of a multiplying DAC) (Ef)

An error in analog output due to variation in the reference voltage that appears as an offset error and is
proportional to frequency and amplitude of the reference signal.

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

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

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

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

Gain Error (of a linear ADC or DAC) (Eg)

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

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

NOTE: See Notes 1 and 2 under Offset Error.
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Nominal Gain Nominal Gain Pob
Actual Gain Point Point omina n Point X
MMy '—l T 7* 1T 7 ————— ﬂ
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| /* : Gain Error // l
Actual Diagram | L7 & (~11/4 LSB) v I
| 7/ [ ,/ |
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‘ . . | jE . . |
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Analog Input Value (LSB) Digital Input Code
(a) ADC (b) DAC

Figure 11. Gain Error of a Linear 3-Bit Natural Binary Code Converter

(Specified at Step 111), After Correction of

Instability, Long-Term (Accuracy) (AE(at): AE(y)

the Offset Error

The additional error caused by the aging of the components and specified for a longer period in time.
Linearity Error, Best-Straight-Line (of a linear and adjustable ADC) (E{ (aqj))

The difference between the actual analog value at the transition between any two adjacent steps and its ideal
value after offset error and gain error have been adjusted to minimize the magnitude of the extreme values of

this difference [see Figure 12(a)].

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

NOTE 2: Forauniformly curved transfer diagram, the extreme values will be very close to half of the magnitude

of the end-point linearity error [see Figure 12(a)].
Linearity Error, Best-Straight-Line (of a linear and adjustable DAC)

(EL(aq))

The difference between the actual step value and the nominal step value after offset error and gain error have
been adjusted to minimize the magnitude of the extreme values of this difference [see Figure 12(b)].

NOTE: Fora uniformly curved transfer diagram, the extreme values will be very close to half of the magnitude

of the end-point linearity error [see Figure 12(b)].
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Remalining Gain Error Remaining Gain Error '
(+1/4 LSB) (-1/4LSB) j
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Error (+1/4 LSB) Error (-1/4 LSB)
(a) ADC (b) DAC

Figure 12. Best-Straight-Line Linearity Error of a Linear 3-Bit Natural
Binary-Coded Converter (Values Between +1/4 LSB)
Linearity Error, Differential (of a linear ADC or DAC) (Ep)
The difference between the actual step width or step height and the ideal value (1 LSB) (see Figure 13).

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

Linearity Error, End-Point (of a linear and adjustable ADC) (E|)

The difference between the actual analog value at the transition between any two adjacent steps and its ideal
value after offset error and gain error have been adjusted to zero [see Figure 14(a)].

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

NOTE 2: The inherent quantization error is not included in the linearity error of an ADC. The ideal value for
the transition corresponds to the nominal midstep value £1/2 LSB.
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Figure 13. Differential Linearity Error of a Linear ADC or DAC

1+-30

TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 752685



’ GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Linearity Error, End-Point (of a linear and adjustable DAC) (E)

The difference between the actual step value and the nominal step value after offset error and gain error have
been adjusted to zero [see Figure 14(b)].

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

My———— —T9 T ————— e
B v 7 ;T
2 4
010 7= Ideal I'T7h' : T P }
Transition 14 | s /d / |
101 | 8 s+ y (4 |
) Actual = /7
3 4 | @ / b |
S 4001 Transition g | % P |
2 | .}’ AtTransition | 5 ‘—4& At Step I
8 o 011/100 | g 31 7, ,./ ot1 (112Ls8) |
§ | ) —bl (-1/2LSB) : % / {
5 8 7/
S S v / ' g 2T EdPI u Eror |
End-P./oIn Lin.Error | < na-roint Lin. Error |
1 | 1 ,{ |
oot At Transition | 1 At Step |
A ! 001/010 (-1/4 LSB) ' 0(')1 RN LSB) ’ | I
pradimn | | |
000 T 1 T T T | 0 .’ | ] T | T T ]
0 1 2 3 4 5 6 7 000 001 010 oO11 100 101 10 111
Analog Input Value (LSB) ) Digital Input Code
(a) ADC (b) DAC

Figure 14. End-Point Linearity Error of a Linear 3-Bit Natural Binary-Coded ADC or DAC
(Offset Error and Gain Error are Adjusted to the Value Zero) ~
Offset Error (of a linear ADc or DAC) (Eg)

For an ADC: The drfference between the actual midstep value and the nominal midstep value at the offset point
[see Figure 15(a)].

Fora DAC: The difference between the actual step value and the nominal step value at the offset point
[see Figure 15(b)].

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

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

Pedestal (Error) (Ep)
A dynamic offset produced in the commutation process.
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Figure 15. Offset Error of a Linear 3-Bit Natural Binary Code Converter (Specified at Step 000)

Quantization Error, Inherent (of an ideal ADC)

Within a step, the maximum (positive or negative) possible deviation of the actual analog input value from the
nominal midstep value.

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

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

Rollover Error (of an ADC with decimal output and auto-polarﬁy) (Ero)

The difference in output readings with the analog input switched between positive and negative values of the
same magnitude (close to full scale).

Total Error (of a linear ADC) (ET)

The maximum difference (positive or negative) between an analog value and the nominal midstep value within
any step [see Figure 16(a)].

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

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

1-32

{if TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Total Error (of a linear DAC) (ET)

The difference (positive or negative) between the actual step value and the nominal step value for any step [see
Figure 16(b)].

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

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

A A /.
0..111 v 7+ : - |
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s
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8 1 : eyt
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/ Total Error / / (11/4L88)
0..001 T~ [ atstep 1.
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o 1 2 3 4 5 6 1 0..000 | 0..010 0..100 0..110
Analog Input Value (LSB) 0...001 0..011  0..101 0..111
(a) ADC Digital Input Code

(b) DAC

Figure 16. Absolute Accuracy Error, Total Error of a Linear ADC or DAC

Zero-Scale Error (of a linear ADC or DAC) (Ezs)

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

NOTE: Normally, this error specification is applied to converters that have no arrangement for an external
adjustment of offset error and gain error.
5. Dynamic and Sigma-Delta Definitions
Resolution

The number of different output codes possible. Expressed as N, where 2N is the number of available output
codes.

Dynamic Range
The ratio of the largest allowable input signal to the noise floor.
Total Harmonic Distortion
The ratio of the rms sum of all harmonics to the rms value of the largest allowable input signal. Units in dB’s.
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Signal to Intermodulation Distortion

The ratio of the rms sum of two input signals to the rms sum of all discernible intermodulation and harmonic
distortion products.

Linearity Error

The deviation of a code from a straight line passing through the endpoints of the transfer function after zero-
and full-scale errors have been accounted for. Zero-scale is a point 1/2 LSB below the first code transition and
full-scale is a point 1/2 LSB beyond the code transition to all ones. The deviation is measured from the middle
of each particular code. Units in %FS.

Differential Nonlinearity ‘

The deviation of a code’s width from the ideal width in LSB’s.
Positive Full Scale Error

The deviation of the last code transition from the ideal, (Vef— 1.5 LSB).
Positive Full Scale Drift

The drift in effective, positive, full-scale input voltage with temperature.
Negative Full Scale Error

The deviation of the first code transition from the ideal, (~Vygf + 0.5 LSB).
Negative Full Scale Drift

The drift in effective, negative, full-scale input voltage with temperature.
Bipolar Offset

The deviation of the midscale transition from the ideal. The ideal is defined as the middle transition lying on a
straight line between actual positive full-scale and actual negative full-scale.

Bipolar Offset Drift

The drift in the bipolar offset error with temperature.
Absolute Group Delay

The delay through the filter section of the part.
Passband Frequency

The upper —3 dB frequency.
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ICL7135C, TLC7135C
4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

SLAS074A - DECEMBER 1986 — REVISED MAY 1995

® Zero Reading for 0-V Input N PACKAGE
® Precision Null Detection With True Polarity (TOP VIEW)
at Zero

Vee- 28[] UNDER RANGE

® 1-pA Typical Input Current REF 27]] OVER RANGE

® True Differential Input ANLG COMMON STROB|

® Multiplexed Binary-Coded-Decimal (BCD) INT OUT 25[] RUN/HOLD
Output AUTO ZERO 24[] DGTL GND

® Low Rollover Error: + 1 Count Max BUFF OUT 23{] POLARITY

® Control Signals Allow Interfacing With g"’f‘ 2 : (B:LLJ};Y
UARTs or Microprocessors I’:l“ 1o 20f1 1

® Autoranging Capability With Over-and N+ B0 19flp2
Under-Range Signals Voo 18[] D3

® TTL-Compatible Outputs D§ ] 12 17{] D4

® Direct Replacement for Teledyne TSC7135, B1[]J13 16]lB8s
Intersil ICL7135, Maxim ICL7135, and B2 [] 14 15{] B4
Siliconix Si7135

® CMOS Technology

description

The ICL7135C and TLC7135C converters are manufactured with Texas Instruments highly efficient CMOS
technology. This 4 1/2-digit, dual-slope-integrating, analog-to-digital converter (DAC) is designed to provide
interfaces to both a microprocessor and a visual display. The digit-drive outputs D1 through D4 and multiplexed
binary-coded-decimal outputs B1, B2, B4, and B8 provide an interface for LED or LCD decoder/drivers as well
as microprocessors.

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

The BUSY, STROBE, RUN/HOLD, OVER RANGE, and UNDER RANGE control signals support
microprocessor-based measurement systems. The control signals also can support remote data acquisition
systems with data transfer through universal asynchronous receiver transmitters (UARTS).

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

AVAILABLE OPTIONS
PACKAGE
TA PLASTIC DIP
N)
G 10 70°C ICL7135CN
TLC7135CN

‘ Caution. These devices have limited built-in protection. The leads should be shorted together or the device placed in conductive foam

during storage or handlilng to prevent electrostatic damage to the MOS gates.

Products conform to

PRODUCTION DATA Information s current as of publication date. Copyright © 1995, Texas Instruments Incorporated
specifications torms M‘ly‘l pyng

testing of all parameters. nelers.

per the exas Instruments i
Production processing does not necessarlly include
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ICL7135C, TLC7135C
4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

SLAS074A - DECEMBER 1986 —~ REVISED MAY 1995

functional block diagram

ANLG 2 »

COMMON

Input
Low

DIGITAL SECTION
23 — — 20 ;
POLARITY —<—] polarity | | Lateh 1 —;9—-01 (LSD)
From Analog Flip-Flop — D2 :
Section 18 gl it
’ . ——D3 orive
* 17 utput
Zero [ Jlatchf 12 oo
Cross l——D5 (MSD)
Detect | | -
Control Counters
22 Logic Latch
CLK 25 Multiplexer
RUN/HOLD 27 ]
OVER RANGE < 13
Latch
UNDER RANGE :: < atc —— B1(LSB) Binary
STROBE < —— B2 Coded
STROBE — < — 15 g, Decimal
BUSY 24 < Latch 16 Output
DGTL GND B8 (MSB)
ANALOG SECTION
| L
LAY
Cref
89 Crefs Cref— —
r . A
l AlZ
REF 2—>-I—o/<>—0 . |
To
| INT Digital |
10 Section
IN+ o—=e L2
DE(-)e_ DE(+) |
» I
g\AIZ l

24
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ICL7135C, TLC7135C
4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

SLAS074A - DECEMBER 1986 — REVISED MAY 1995

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

Supply voltage (Voo With respect to Vooo)  cvvevive i 15V
Analog input voltage (IN=0r IN+) ... Veeo-1o Voo
Reference voltage range ........ ...ttt e Vcoe-to Vees
(0o o! 1T oTWL o] - o [ = T o1 P 0Vto Voo
Operating free-air temperature range, TA .. .ovvveiiinii ittt 0°C to 70°C
Storage temperature range, Tgtg « -« <« evueeeruntrrnre i -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Npackage ..................... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, VCC+ 4 5 6 Vv
Supply voltage, Voo -3 -5 -8 \
Reference voltage, Vyef 1 Vv
High-level input voltage, CLK, RUN/HOLD, V|H 28 v
Low-level input voltage, CLK, RUN/HOLD, Vj_ 0.8 \
Differential input voltage, Vip Voe-+1 Vce+—0.5 \'
Maximum operating frequency, fgjock (see Note 1) 1.2 2 MHz
Operating free-air temperature range, Ta 0 70 °C

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

electrical characteristics, Voo, =5V, Vog-=5V, Vief = 1V, feiock = 120 kHz, Tp = 25°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VOH High-level output voltage D1Ds5,81,828488 lo=—1mA 24 A Y
Other outputs lo=~10pA 4.9 5
VoL Low-level output voltage lo=1.6mA 0.4 \
VON(PP) Peak-to-peak output noise voltage (see Note 2) ViID=0, Fullscale=2V 15 uv
ayO Zero-reading temperature coefficient of output voltage | V|p = 0, 0°C<TA<70°C 0.5 2| pvrc
IIH High-level input current Vi=5V, 0°C<TA<70°C 0.1 10 pA
M Low-level input current ) Vi=0V, 0°C<TA<70°C -0.02 -0.1 mA
[] Input leakage current, IN- and IN+ Vip=0 Th = 25°C ! 10 pA
0°C<TA<70°C 250
Icc+ Positive supply current folock =0 TA = 25°C ! 2 mA
0°C<TA<70°C 3
lcc- Negative supply current felock =0 T = 25°C 08 -2 mA
0°C<TA<70°C -3
C Power dissipation capacitance See Note 3 40 pF

NOTES: 2. This is the peak-to-peak value that is not exceeded 95% of the time.

3. Factor-relating clock frequency to increase in supply current. AtVccy = 5 V, IcC+ = IcC+(felock = 0) + Cpd % 5 V x felock
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ICL7135C, TLC7135C
4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

SLAS074A - DECEMBER 1986 — REVISED MAY 1995

operating characteristics, Voc,. =5V, Voo—- =5V, Vref = 1V, folock = 120 kHz, Tp = 25°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
afFs Full-scale temperature coefficient (see Note 4) Vip=2V, 0°C<Tp <70°C 5 | ppm/°C
EL Linearity error -2V<Vip<2V 0.5 count
Ep Differential linearity error (see Note 5) -2V<gVps<2Vv 0.01 LSB
EFg  tFull-scale symmetry error (rollover error) (see Note 6) |Vip =12V 0.5 1] count

Display reading with 0-V input Vip=0, 0°C<TA<70°C | -0.0000 +0.0000 0.0000 Rziag:r;‘l g
. o ; . ViD= Vret, TA=25°C 0.9998 0.9999 1.0000 | Digital
Display reading in ratiometric operatlon 0°C<Tp <70°C 00995 0.0999 1.0005 | Reading

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

timing diagrams

e End of Conversion
BusYt | ‘s

B1-Bs|os|o4|na|nz|o1||:5]

STROBET T T T T T
j¢———>»— 200 Counts
D5 . I—
= 201 Counts 200 Counts —l¢——!
o [
200 Counts »
D3 I I
200 Counts —l¢———p!
D2 ‘ I I
200 Counts —¢———»! ‘
o [
200 Counts —j¢———!

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

Figure 1
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ICL7135C, TLC7135C
4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

SLAS074A - DECEMBER 1986 - REVISED MAY 1995

timing diagrams (continued)

Digital Scan
for OVER-RANGE n M M ps
JL__ 1 J1__os
n I o3
M M [ b2
M m D1

1000 Counts --k——-bl )
Figure 2
Integrator Output .
AUTO ZERO | Signal int De-Integrate
10,001 Counts co,ootos 20,001 Counts Max
oun

[&————  FullMeasurementCycle ~———p|

40,002 Counts

BUSY

OVER RANGE
When Applicable

AVaVaVaV oV W W .V,
UNDER RANGE X000
When Applicable <XXXXXXKKXXR
en Applicable XERERERHXARX

Figure 3
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ICL7135C, TLC7135C
4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

SLAS074A - DECEMBER 1986 — REVISED MAY 1995

timing diagrams (continued)

strose 1111

AUTOZERO Signal Integrate -DIG— Deintegratet
for OVEDF:%:tA?cha'E‘ I-I pst 4 !-I I_I
o N 4: n__n
— s s LN n
Moz . _rnn
Mo ’ N

1 First D5 of AUTO ZERO and deintegrate is one count longer.

Figure 4

PRINCIPLES OF OPERATION

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

1.

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

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

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

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

2-8

“i) TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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

SLAS074A - DECEMBER 1986 — REVISED MAY 1985

PRINCIPLES OF OPERATION

description of analog circuits

input signal range

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

analog common

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

reference

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

description of digital circuits

RUN/HOLD input

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

STROBE input

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

¥ Texas
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PRINCIPLES OF OPERATION

BUSY output

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

OVER-RANGE output

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

UNDER-RANGE output

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

POLARITY output

The POLARITY outputis high for a positive input signal and updates at the beginning of each deintegrate phase.
The polarity output is valid for all inputs including +0 and OVER RANGE signals.

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

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

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

system aspects
integrating resistor

The value of the integrating resistor (RynT) is determined by the full-scale input voltage and the output current
of the integrating amplifier. The integrating amplifier can supply 20 pA of current with negligible nonlinearity. The
equation for determining the value of this resistor is:

Full Scale Voltage
INT

Integrating amplifier current, i\, from 5 to 40 pA yields good results. However, the nominal and recommended
current is 20 pA.

RiNT =

{I} TEXAS
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ICL7135C, TLC7135C
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PRINCIPLES OF OPERATION

integrating capacitor

The product of the integrating resistor and capacitor should be selected to give the maximum voltage swing
without causing the integrating amplifier output to saturate and get too close to the power supply voltages. When
the ampilifier output is within 0.3 V of either supply, saturation occurs. With +5-V supplies and ANLG COMMON
connected to ground, the designer should design fora +3.5-V to t4-V integrating amplifier swing. A nominal
capacitor value is 0.47 uF. The equation for determining the value of the integrating capacitor (CjnT) is:

10,000 x Clock Period x 'INT
INT ™ Integrator Output Voltage Swing
Where:
linT is nominally 20 pA.

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

auto-zero and reference capacitor

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

reference voitage
For high-accuracy absolute measurements, a high quality reference should be used.
rollover resistor and diode

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

maximum clock frequency

For most dual-slope A/D converters, the maximum conversion rate is limited by the frequency response of the
comparator. In this circuit, the comparator follows the integrator ramp with- a 3-ps delay. Therefore, with a
160-kHz clock frequency (6-us period), half of the first reference integrate clock period is lost in delay. Hence,
the meter reading changes from 0 to 1 with a 50-uV input, 1 to 2 with a 150-uV input, 2 to 3 with a 250-pV input,
etc. This transition at midpoint is desirable; however, when the clock frequency is increased appreciably above
160 kHz, the instrument flashes 1 on noise peaks even when the input is shorted. The above transition points
assume a 2-V input range is equivalent to 20,000 clock cycles.

When the input signal is always of one polarity, comparator delay need not be a limitation. Clock rates of 1 MHz
are possible since nonlinearity and noise do not increase substantially with frequency. For a fixed clock
frequency, the extra count or counts caused by comparator delay are a constant and can be subtracted out
digitally.
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PRINCIPLES OF OPERATION

maximum clock frequency (continued)

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

minimum clock frequency

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

rejection of 50-Hz or 60-Hz pickup

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

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

zero-crossing flip-flop

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

noise

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

analog and digital grounds

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

power supplies

The ICL7135C and TLC7135C are designed to work with £5-V power supplies. However, 5-V operation is
possible when the input signal does not vary more than £1.5 V from midsupply.
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TLC5401, TLC541l
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A ~ OCTOBER 1983 — REVISED MARCH 1995

® 8-Bit Resolution A/D Converter DW OR N PACKAGE
® Microprocessor Peripheral or Stand-Alone (TOP VIEW)
Operation ]
INPUT AO (] 1 20l Vee
® On-Chip 12-Channel Analog Multiplexer
. n, P g Multiplex INPUT A1 (] 2 19] SYSTEM CLOCK
Built-in Self-Test Mode INPUT A2 (] 5 18[] o cLock
® Software-Controllable Sample and Hold INPUT A3 (] 4 17[] ADDRESS INPUT
® Total Unadjusted Error ... +0.5 LSB Max INPUT A4 [} 5 16[] DATA OUT
® TLC541 is Direct Replacement for Motorola INPUTA5[l6  15[]) CS
MC145040 and National Semiconductor INPUTAB([]7  14]] REF+
ADCO0811. TLC540 is Capable of Higher INPUTA7 (|8 13[] REF-
Speed INPUT A8[] o 12[] INPUT A10
® Pinout and Control Signals Compatible GND[j10  n[IINPUTA9
with TLC1540 Family of 10-Bit A/D
Converters FN PACKAGE
® CMOS Technology (TOP VIEW)
X
PARAMETER TLC540 | TLC541 é’
Channel Acquisition Sample Time 2us 3.6 s o ©
Conversion Time (Max) 9us 17 ps dz2 E
Samples per Second (Max) 75x108 | 40x103 555, =
Power Dissipation (Max) 125mW | 125 mW % % % 9 (>’;
description
INPUT A3 142 2 7 22 g0 o cLOCK
cor_werters t_)unlt arour_\d an 87b|t INPUT A5 f1 6 16[] DATA OUT
switched-capacitor successive-approximation =&
- ; INPUT A6 [] 7 15[} CS
A/D converters. They are designed for serial
: ; . - INPUT A7 [J 8 14[] REF+
interface to a microprocessor or peripheral viaa 9 10 11 12 13

3-state output with up to four control inputs, (A1
including independent SYSTEM CLOCK, 1/0 R % 22l
CLOCK, chip select (CS), and ADDRESS ESEd
INPUT. A 4-MHz system clock for the TLC540 g 3 ;

and a2.1-MHz system clock for the TLC541 with
a design that includes simultaneous read/write
operation allow high-speed data transfers and sample rates of up to 75,180 samples per second for the TLC540
and 40,000 samples per second for the TLC541. In addition to the high-speed converter and versatile control
logic, there is an on-chip 12-channel analog multiplexer that can be used to sample any one of 11 inputs or an
internal self-test voltage, and a sample-and-hold that can operate automatically or under microprocessor
control. Detailed information on interfacing to most popular microprocessors is readily available from the factory.

AVAILABLE OPTIONS
PACKAGE
Uy SOPLASTICDIP | PLASTICDIP | CHIP CARRIER
(DW) (N) (FN)
. . TLC540IDW TLC540IN TLC540IFN
—40°C1085°C |y c541DW TLC541IN TLC541IFN
PRODUCTION DATA Information Is current as of publication date. Copyright © 1995, Texas Instruments Incorporated
S v, oo eseng ot sy e I
testing of all parameters, " TEXAS /
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TLC5401, TLC541I
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A ~ OCTOBER 1983 — REVISED MARCH 1995

description (continued)

The converters incorporated in the TLC540 and TLC541 feature differential high-impedance reference inputs

. that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises. A
switched-capacitor design allows low-error (+0.5 LSB) conversion in 9 ps for the TLC540 and 17 ps for the
TLC541 over the full operating temperature range. v

The TLC5401 and TLC5411 are characterized for operation from —40°C to 85°C.

functional block diagram

REF+ REF-
+14 +13
. 1 8-Bit
A0 —5 Analog-to-Digital
A1 -—';,— »- Saal:‘lzle > Converter <
:g T3] Hold (Switched-Capacitors)
5
A4 —1 12-Channel s}
Analog < AS—  Analog v
Inputsy A6—a1 Multiplexer
A7 — Output | g 8-to-1 Data 16 DATA
A8 T Data > Selector ouT
A9 4 Input Register and Driver
A1012] > Address
' Register
N 0 Y Y 4 A A
4/
. 4 L
Self-Test 1 Control Logic
Reference > and /O
ADDRESS 17 N Input 2 Counters
INPUT v Muitiplexer T
A A
o 18 .
CLOCK "
s 15 > ¥y
SYSTEM 19 o
CLOCK v
typical equivalent inputs _
INPUT CIRCUIT IMPEDANCE DURING SAMPLING MODE INPUT CIRCUIT IMPEDANCE DURING HOLD MODE
1kQTYP
INPUT INPUT

A0-A10 | ci=sopFTYP A0-A10 5MQTYP

(equivalent input
capacitance)
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TLC5401, TLC5411
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A —~ OCTOBER 1983 - REVISED MARCH 1995

operating sequence

l1]2]3]a|5]6]7]8 [1]2]3]al5]6|7]8
CLolcl:g —_ Don’t | . Care
_,‘ je— Sample ——p) e A sy | |
c le B le B je—— teony —| Sample
l (seey;:teC) Cyele | yclec D CycleC "
I See Note A l
F‘P | " % | —
|
ADDRESS DI‘_Ca twH(CS) _"l MSB LSB Dot
't , "t
-n-« tcere o oXoAE oo
I
DATA l HI-Z State oo
ATA L XXX X g @@@@@@o
— A7
<+—— Previous Conversion DataA —» <4—— Conversion DataB ——»
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 /O CLOCK after CS goes low
for the channel whose address exists in memory at that time. If CS is kept low during conversion, /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 CS is brought low. The remamlng seven bits
(A6—A0) will be clocked out on the first seven /O CLOCK falling edges.

C. To minimize errors caused by noise at CS, 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.

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

Supply voltage, Voo (See NOte 1) ..ot e et e i 6.5V
Input voltage range, Vi (@ny input) ......oooviiiiiiiiiiiiiiiii i -0.3VtoVgc +0.3V
Output voltage range, Vo . ... vvvv i et s -0.3VtoVge +0.3V
Peak input current range (any input) . .......ooiiii i e i +10 mA
Peak total input current (all iNPUES) . ....veiii i i e i e e e, +30 mA
Operating free-air temperature range, Ta: TLC5401, TLC5411 .......coviiiiiiniiennenn, ~40°C to 85°C
Storage temperature range, Tatg - -« « -« vvmereeeeeeenntiin e —-65°C to 150°C
Case temperature for 10 seconds FNpackage .....ovvniiii it 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package ................ 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to digital ground with REF— and GND wired together (unless otherwise noted).
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TLC5401, TLC5411
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A - OCTOBER 1983 — REVISED MARCH 1995

recommended operating conditions

TLC540 TLC541 UNIT
MIN NOM  MAX MIN NOM  MAX
Supply voltage, Vcc 4.75 5 5.5 4.75 5 5.5 \
Positive reference voltage, Vief,. (see Note 2) 2.5 Vec Vec+0.1 2.5 Vecc Vego+0.1 \'
Negative reference voltage, Vref— (see Note 2) -0.1 0 25 -0.1 0 25 \
Differential reference voltage, Vref+ — Vref— (see Note 2) 1 Vocc Vcc+0.2 1 Vcc Veo+0.2 \'
Analog input voltage (see Note 2) 0 \olo} 0 \ole} \'
High-level control input voltage, ViH 2 2 \
Low-level control input voltage, Vi 0.8 0.8 \
tSetup time, address bits at data input before /0 CLOCKT, 200 400 ns
SU(A)
Hold time, address bits after /O CLOCKT, th(A) 0 / 0 ns
Setup time, TS low before clocking in first address bit, 3 3 ' SZIZ‘;:“
tsu(CS) (see Note 3) cycles
. System
CS high during conversion, twH(CS) 36 36 clock
cycles
1/0 CLOCK frequency, foiock(1/O) i 0 2.048 0 1.1 MHz
Pulse duration, SYSTEM CLOCK frequency, fclock(SYS) felock(1/0) 4 felock(1/0) 2.1 MHz
Pulse duration, SYSTEM CLOCK high, twH(SYS) 110 210 MHz
Pulse duration, SYSTEM CLOCK low, twl (SYS) 100 190 MHz
Pulse duration, 1/O clock high, twH(1/0) 200 404 ) ns
Pulse duration, I/O clock low, tyL (1/0) 200 404 ns
System felock(SYS) < 1048 kHz 30 30
Clock transition time felock(SYS) > 1048 kHz 20 20 ns
(see Note 4) o felock(l/0) < 525 kHz 100 100
fclock(1/0) > 525 kHz 40 40
g’rf‘::;ﬂ:s?:" TLC5401, TLC541] -40 85 40 8 | °C

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 V higher than REF- voltage. Also,
the total unadjusted error may increase as this differential reference voltage falls below 4.75 V.

3. To minimize errors caused by noise at CS, 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 Vj_ max to V| min. In the vicinity
of normal room temperature, the devices function with input clock transition time as slow as 2 ps 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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TLC5401, TLC541I
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A - OCTOBER 1983 — REVISED MARCH 1995

electrical characteristics over recommended operating temperature range, Vog = Vref,. =4.75V to
5.5V, felock(i/0) = 2.048 MHz for TLC540 or f¢jock(1/0) = 1.1 MHZ for TLC541 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VOH High-level output voltage, DATA OUT Voc =475V, IloH =360 pA 2.4 \
VoL Low-level output voltage Voc=4.75V, loL=1.6mA 0.4 \
’ Vo=Vcc,  CSatV 10
loz Off-state (high-impedance state) output current Q= cC — Ce pA
Vo =0, CSatVge -10
IH High-level input current Vi =Vce 0.005 2.5 pA
L Low-level input current Vi=0 -0.005 -25| pA
Icc Operating supply current CSatoV 1.2 25| mA
Selected channel at Vg, 04 1
Unselected channel at 0 V '
Selected channel leakage current pA
Selected channel at0 V, _04 -1
Unselected channel at VG :
Icc +lref  Supply and reference current Vref+ =Voo, CSatoV 1.3 3| mA
Analog inputs 7 56
(o] Input capacitance J I, P pF
Control inputs 5 15

1 All typical values are at Tp = 25°C.
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TLC540l, TLC5411
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A - OCTOBER 1983 — REVISED MARCH 1995

operating characteristics over recommended operating free-air temperature range,
Vee = Vrefs —4.75 V 10 5.5 V, fojock(i/0) = 2.048 MHz for TLC540 or 1.1 MHz for TLC541,
felock(sys) = 4 MHz for TLC540 or 2.1 MHz for TLC541

TLC540 TLC541
. PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX
EL Linearity error See Note 5 +0.5 +0.5 LSB
Ezs Zero—scale error See Notes 2 and 6 +0.5 +0.5 LSB
EFs Full-scale error See Notes 2 and 6 +0.5 +0.5 LSB
Total unadjusted error See Note 7 +0.5 ) +0.5 LSB
) Input A11 address = 1011, | 01111101 10000011 | 01111101 10000011
Self-test output code (see Note 8) (128)  (131) | (125  (131)
tconv  Conversion time See Operating Sequence 9 17 us
Total access and conversion time See Operating Sequence 13.3 25 us
[l/e}
ta Channel acquisition time (sample cycle) | See Operating Sequence 4 4 clock
cylces
Time output data remains valid after
W /O CLOCKL 10 10 ns
i De!ay time, /0 CLOCK! to data output 300 400 ns
valid
ten  Output enable time SMee Paramﬁr 150 150 ns
- - easuremel
tdis Output disable time Information 150 150 ns
tr(bus) Data bus rise time 300 300 ns
tijbus) _Data bus fall time 300 300 ns
NOTES: 2. Analoginput 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 V higher than REF- voltage. Also, the
total unadjusted error may increase as this differential reference voltage falls below 4.75 V.
5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristucs.
6. Zero-scale error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for full-scale input voltage.
7. Total unadjusted error is the sum of linearity, zero-scale, and full-scale errors.
8. Both the input address and the output codes are expressed in positive logic.
. INSTRUMENTS
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TLC5401, TLC541l
-8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A - OCTOBER 1983 — REVISED MARCH 1995

PARAMETER MEASUREMENT INFORMATION

1.4V Vee
kO 3kQ
Output Test Output Test Output Test
Under Tzst Point Under Test Point Under Test Point
CL CL 3kQ cL
(sse Note A} | (see Note A) I (see Note A) I
LOAD CIRCUIT FOR SeeNote B SeeNote B
t t AND tf LOAD CIRCUIT FOR LOAD CIRCUIT FOR
tpzH AND tpHz tpzL AND tpL.Z
Vce
Egm /50%
-Jl— ———————— ov
|
‘ i
SYSTEM l ly |
cLocK }
4
PZL——’! r—— 'I | “— tpLz
| |

Output Waveform 1
(see Note C) See Note B

|
B
tPzH r_ — le—1tpyz

—————— \'/
Output Waveform 2 | 90% OH
. (see Note C) 50%
ov

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

/0 CLOCK \ . e
—————— 08V Output | 24V
f | *

>(_—! ________ 24V tr > —> |
DATA OUT .

________ 08V yOLTAGE WAVEFORMS FOR RISE AND FALL TIMES

VOLTAGE WAVEFORMS FOR DELAY TIME

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

B. ten =tpzH ortpz|, tyis = tPHZ or tp| 7.
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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TLC5401, TLC541I
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A - OCTOBER 1983 — REVISED MARCH 1995

APPLICATIONS INFORMATION

simplified analog input analysis

Using the equivalent circuit in Figure 1, the time required to charge the analog input capacitance from 0 to Vs

within 1/2 LSB can be derived as follows:
The capacitance charging voltage is given by

_ —t/R,C:

where
Rit=Rg+T;

The final voltage to 1/2 LSB is given by
Vg (1/2LSB) = Vg - (Vg/512)
Equating equation 1 to equation 2 and solving for time t; gives
- -te/RiC;
Vg - (vs/512) = VS(1—e t l)

and
t; (1/2 LSB) = Ry x Cj x In(512)

Therefore, with the values given the time for the analog input signal to settle is
ts (1/2 LSB) = (Rg + 1 kQ) x 60 pF x In(512)

This time must be less than the converter sample time shown in the timing diagrams.

Driving Sourcet < » TLC540/1

Vs —AW A Ve
1 kQ MAX
G

;J; 50 pF MAX

V) =Input Voltage at INPUT A0-A10
Vg = External Driving Source Voltage
Rg = Source Reslistance

ri =Input Resistance

Cj = Equivalent input Capacitance

1 Driving source requirements:
* Noise and distortion for the source must be equivalent to the
resolution of the converter.
o Rg must be real at the input frequency.

Figure 1. Equivalent Input Circuit Including the Driving Source

M

@

©)]

4

(5)

2-20

“f’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC5401, TLC5411
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A - OCTOBER 1983 ~ REVISED MARCH 1995

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 ps, while complete
input-conversion-output cycles can be repeated every 13 ps. With TLC541 a conversion can be completed in 17 ps,
while complete input-conversion-output cycles are repeated every 25 ps. 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 1/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 SYSTEM CLOCK, 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 I/O CLOCK. SYSTEM CLOCK will drive the conversion crunching circuitry so that
the control hardware and software need not be concerned with this task.

WhenCS is high, DATA OUT is in a 3-state condition and ADDRESS INPUT and I/O CLOCK are disabled. This feature
allows each of these terminals, with the exception of CS, to share a control logic point with their counterpart terminals
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 terminals 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( CS, the internal circuitry waits for two rising edges
and then a falling edge of 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 automatically appears on DATA OUT.

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

3. Three clock cycles are then applied to /0 CLOCK 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 i/O CLOCK. The falling edge of this clock cycle completes the
analog sampling process and initiates the hold function. Conversion is then performed during the next 36
system clock cycles. After this final I/O clock cycle, CS must go high or the I/O CLOCK must remain low for
at least 36 system clock cycles to allow for the conversion function.

CS canbe 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 I/O CLOCK. If glitches occur on 1/O CLOCK, the I/O
sequence between the microprocessor/controller and the device loses synchronization. Also, if CS is taken high, it
must remain high until the end of the conversion. Otherwise, a valid falling edge of CS causes a reset condition, which
aborts the conversion in progress.

A new conversion can be started and the ongoing conversion simultaneously aborted by performing steps 1 through
4 before the 36 system clock cycles occur. Such action yields the conversion resuit of the previous conversion and
not the ongoing conversion.
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TLC540l, TLC5411
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS065A - OCTOBER 1983 — REVISED MARCH 1995

PRINCIPLES OF OPERAfION

It is possible to connect SYSTEM CLOCK and I/O clock together in special situations in which controlling circuitry
points must be minimized. Inthis case, the following special points must be considered in addition to the requirements
of the normal control sequence previously described.

1. Thefirsttwo clocks are required for this device to recognize CSis at a valid low level when the common clock
signal is used as an I/0 CLOCK. When CS is recognized by the device to be at a high level, the common clock
signal is used for the conversion clock also.

2. AlowCS must be recognized before the I/O CLOCK can shift in an analog channel address. The device
recognizes a CS transition when the SYSTEM CLOCK terminal receives two positive edges and then a
negative edge. For this reason, after a CS negative edge, the first two clock cycles do not shift in the address.
Also, upon shifting in the address, CS must be raised after the eighth valid (10 total) I/O CLOCK. Otherwise,
additional common clock cycles are recognized as I/O CLOCKS and will shift in an erroneous address.

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point in time.’
This device accommodates these applications. Although the on-chip sample and hold begins sampling upon the
negative edge of the fourth valid I/O clock cycle, the hold function is not initiated until the negative edge of the eighth
valid I/0 clock cycle. Thus, the control circuitry can leave the 1/O clock signal in its high state during the eighth valid
I/O clock cycle until the moment at which the analog signal must be converted. The TLC540/TLC541 continues
sampling the analog input until the eighth falling edge of the I/O clock. The control circuitry or software then
immediately lowers the I/O clock signal and holds 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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TLC542C, TLC542
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS075A - FEBRUARY 1989 — REVISED MARCH 1995

8-Bit Resolution A/D Converter

Microprocessor Peripheral or Stand-Alone
Operation

On-Chip 12-Channel Analog Multiplexer
Built-in Self-Test Mode
Software-Controllable Sample and Hold
Total Unadjusted Error... +0.5 LSB Max

Direct Replacement for Motorola
MC145041

On-Board System Clock
End-of-Conversion (EOC) Output

Pinout and Control Signals Compatible
With the TLC1542/3 10-Bit A/D Converters

CMOS Technology

PARAMETER VALUE
Channel Acquisition/Sample Time 16 us
Conversion Time (Max) 20 us
Samples per Second (Max) 25 x 103
Power Dissipation (Max) 10 mW

description
The TLC542 is a CMOS converter built around an

DW OR N PACKAGE
(TOP VIEW)

INPUT AO ] 1

INPUT A1

INPUT A2(] 3
INPUT A3 (] 4
INPUT A4 (] 5
INPUT A5 {] 6
INPUT A6 [] 7
INPUT A7[] 8
INPUT A8[] o

GND ] 10

[} 2

15[] CS

FN PACKAGE
(TOP VIEW)

AN v~
< <
[y
> >
oo
Zz

AO

INPUT
Vce
EOC

8-bit switched-capacitor successive-approximation
analog-to-digital converter. The device is designed
for serial interface to a microprocessor or peripheral
via a 3-state output with three inputs [including I/O
CLOCK, CS (chip select), and ADDRESS INPUT].
The TLC542 allows high-speed data transfers and
sample rates of up to 40,000 samples per second.

INPUT A3 43 2120 1913[
INPUT A4 [] 5 1700
INPUT A5 [] 6 16[]
INPUT A6 [J 7 15(]
INPUT A7 [] 8 14

9 10 11 12 13

| 1 e o ¥ o | s |

[ Nal- Ny

<z < L

< W

E05c«x

o o E

z Z z

18]] ¥O CLOCK
17|] ADDRESS INPUT
16]] DATA OUT

14[] REF+

13[] REF-

] INPUT A10
11[] INPUT A9

1/0 CLOCK
ADDRESS INPUT
DATA OUT

cs

REF+

In addition to the high-speed converter and versatile control logic, an on-chip 12-channel analog multiplexer can
sample any one of 11 inputs or an,internal “self-test” voltage, and the sample and hold is started under
microprocessor control. At the end of conversion, the end-of-conversion (EOC) output pin goes high to indicate
that conversion is complete. Detailed information on interfacing to most popular microprocessors is readily

available from the factory.

AVAILABLE OPTIONS
PACKAGE
Ta CHIP CARRIER PLASTICDIP | SMALL OUTLINE
(FN) (N) (bW)
0°C to 70°C TLC542CFN TLC542CN TLC542CDW
-40°C to 85°C TLC542IFN TLC542IN TLC542IDW

PRODUCTION DATA Information is curent as of publication date. .
Pmducuoomomtosmmuﬂmw hrmaof exas Instruments
standard warranty. g include
testing of all parameters.
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TLC542C, TLC542l
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

- SLAS075A — FEBRUARY 1989 — REVISED MARCH 1995

description (continued)

The converter incorporated in the TLC542 features differential high-impedance reference inputs that facilitate
ratiometric conversion, scaling, and isolation of analog circuitry from logic and supply noises. A switched-
capacitor design allows low-error (0.5 LSB) conversion in 20 ps over the full operating temperature range.

The TLC542C is characterized for operation from 0°C to 70°C and the TLC5421 is characterized for operation
from —40°C to 85°C.

functional block diagram

REF+ REF-
| |
~ »
- Sample and » 8-Bit
j i H%Id Analog-to-Digital
— Converter
(Switched-Capacitors)
1 12-channel 8
Analeg
< Analog 4
Inputs : Multiplexer Y Y
Output 8 8-to-1 Data
: Data $— Selectorand |— gﬁ..'ll.A
7 4 | input Address Register Driver
] > Register
N °0 ' O 3 'y
y
4 L]
Self-Test |,
Reference 4 Control Logic
»- and /0
— 2 Counters
ADDRESS > npu i
INPUT v Multiplexer
3
4 A )
1/0 CLOCK »—
CS >
EOC
typical equivalent inputs
INPUT CIRCUIT IMPEDANCE DURING SAMPLING MODE INPUT CIRCUIT IMPEDANCE DURING HOLD MODE
1kQTYP
INPUT INPUT
A0-A10 ] C| = 60 pF TYP A0-A10
(equivalent input §MQTYP
capacitance)
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TLC542C, TLC542|
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS075A - FEBRUARY 1989 — REVISED MARCH 1995

operating sequence

|1 ]2]s]a]s|e]7]s |1 2|4 s]e]7]s

cLot _5JLFLI'LI'LHILFLI'IW& - 1 TUruuuur

1

[
tsu(a) -»: r— Oyclo ¥ J—— taca —-—l-—-bh- toonv —>|I 4 Cycec ¥ H——tacq —
(see Note A)

tsu(cs) +e¢—pl
|
1

I : |<——- 12 Internal System Clocks < 12 s
cs ! |
7 | . |
|| |
|
|
[
|

— | -

I |MsB M$B

|
|
||
l Ls8 ,
- OOt
. CEEEERE—E HDEEEREE0—

L

Previous Conversion Data A 4-—3— Conversion Data B —bl
MSB MSB
: (see Note B) Ls8 ‘d(EOC—DATA)—J
. td(110-EOC) —Hld—
EOC |
o’ L | L
l< teycle .I

NOTES: A. To minimize errors caused by noise at the chip select input, the internal circuitry waits for two rising edges and one falling edge of
theinternal system clock after CS. before responding to controlinputsignals. The CS setuptime is given bythetsy(cs) specmcatlons
Therefore, no attempt should be made to clock-in an address until the minimum chip select setup time has elapsed.
B. The output is 3-stated on CS going high or on the negative edge of the eighth /O clock.

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

Supply voltage, Voo (SEENOte 1) ot e e it 6.5V
Input voltage range (any input) ..................... e -03VtoVgc+0.3V
Output voltage range . ... ittt it ittt e e it -0.3VtoVgg+0.3V
Peak input current range (any iNPU) . ....o.v it e +20 mA
Peak total input current (@Il INPUS) ... ..oeie i e +30 mA
Operating free-air temperature range: TLC542C ... .. ..ottt iiie et 0°C to 70°C

‘ TLCB42l it e e —40°C to 85°C
Storage temperature range  .........c.iiiiiiii i i i et e —-65°C to 150°C
Case temperature for 10 seconds: FN package .........ccvueieiiiinnnrneinennennenneenennns 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW or N package .............. 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

bT
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TLC542C, TLC542]
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS075A - FEBRUARY 1989 — REVISED MARCH 1995

recommended operating conditions, Voc=4.75t0 5.5 V

MIN NOM MAX UNIT
Supply voltage, Voo 4.75 5 5.5 )
Positive reference voltage, Vyef 4. (see Note 2) Vret- VCC Vce +0.1 Vv
Negative reference voltage, Vref— (see Note 2) -0.1 0 Vref+ \
Differential reference voltage, Vrefs — Vref— (see Note 2) 1 Vgc Voo +0.2 Vv
Analog input voltage (see Note 3) 0 vVce \
High-level control input voltage, V|4 2 \"
Low-level control input voltage, V|| o 0.8 Vv
Setup time, address bits at data input before /0 CLOCKT, tsyy(A) 400 ns
Hold time, address bits after /0 CLOCKT, th(A) 0 ns
Hold time, CS low after 8th /O CLOCKT, th(Cs) 0 ns
Setup time, CS low before clocking in first address bit, ts(CS) (see Note 4) 3.8 us
Input/output clock frequency, felock(/O) - 0 1.1 MHz
Input/output clock high, twH(1/0) 404 ns
Input/output clock low, tw|_(1/0) 404 ns
1/0 CLOCK transition time, t; (see Note 3) folock(/0) < 525 kHz 100 ns
felock(l/0) > 525 kHz 40
Operating free-air temperature, Tp TL08420 9 9 °C
TLC542] -40 85

NOTES: 2. Analoginput voltages greater than that applied to REF+ convert as all ones (11111111), while input voltages less than that applied
to REF - convert as all zeros (00000000). For proper operation, REF+ must be at least 1.V higher than REF-. Also, the total
unadjusted error may increase as this differential reference voltage falls below 4.75 V.

3. This s the time required for the clock input signal to fall from V| min to V)i max or to rise from Vi max to V|4 min. In the vicinity
of normal room temperature, the devices function with input clock transition time as slow as 2 ps 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 two rising edges and one falling edge of
the internal system clock after CS | before responding to control input signals. The CS setup time is given by the ‘su(%%)
specifications. Therefore, no attempt should be made to clock-in address data until the minimum chip select setup time has elapsed.

electrical characteristics over recommended operating temperature range, Voo = Vyet,. =4.75V to
5.5V, feiock(1/0) = 1.1 MHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VoH High-level output voltage (DATA OUT) Voc=4.75V, loH=-360pA - 24 \"
VoL Low-level output voltage Vec=4.75V, loL=1.6 mA 0.4 \J
Off-state (high-impedance state) Vo = Vce, CSatVge 10 uA
output current Vo =0, CSatVge -10
IiH High-level input current Vi=Vce 0.005 2 pA
L Low-level input current - Vi=0 -0.006 -25 MA
lcc  Operating supply current CSatoVv 1.2 2| mA
Selected at Voo, 0°Cto 70 °C 0.4
Selected channel leakage current Unselected channel at 0V [~ 40°C 0 85°C Y pA
Maximum static analog reference current into
hof  REFs i Vrets =VGC,  Vref-=GND 10] A
Analog inputs 7 55
(o] Input capacit:
! put capacance Control inputs 5 15 PF

T All typical values are at T = 25°C.
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TLC542C, TLC542
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS
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operating characteristics over recommended operating free-air temperature range,

Vee = Vret+ = 4.75 10 5.5 V, fejock(/0) = 1 MHZ

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
EL Linearity error (see Note 5) +0.5| LSB
Ezs Zero-scale error (see Note 6) See Note 2 10.5]| LSB
Ers Full-scale error (see Note 6) See Note 2 +0.5| LSB
Total unadjusted error (see Note 7) +0.5| LSB
Self-test output code Isn;)eutr‘ﬁ:t ; gddress =1011, 0111(11 12 061) 128 1000((1%;)1)
teonv Conversion time See operating sequence 20 us
toycle Total access and conversion cycle time See operating sequence 40 ps
tacq Channel acquisition time (sample cycle) See operating sequence 16 us
-t7 Time ouput data remains valid after I/O CLK! | See Figure 5 10 ns
td(I0-DATA) Delay time, I/O CLK\ to data output valid See Figure 5 400 ns
td(I0-EOC) Delay time, 8th /O CLK{ to EOCL See Figure 6 500| ns
td(EOC-DATA) Delay time, EOCT to data out (MSB) See Figure 7 400 ns
tPZH, tPZL Delay time, CS! to data out (MSB) See Figure 2 34| ps
tPHZ, tPLZ Delay time, CST to data out (MSB) See Figure 2 150 ns
t(EOC) Rise time See Figure 7 100 | ns
t{(EOC) Fall time See Figure 6 100 ns
m Data bus rise time See Figure 5 300 ns
tf(bus) Data bus fall time See Figure 5 300 ns

1 All typical values are at Tp = 25°C
NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that applied
to REF- convert to all zeros (00000000). For proper operation, REF + must be at least 1 V higher than REF-. Also, the total
unadjusted error may increase as this differential reference voltage falls below 4.75 V.

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

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

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

8. Boththe inputaddress and the output codes are expressed in positive logic. The A11 analog input signal is internally generated and
is used for test purposes.
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TLC542C, TLC5421
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS075A - FEBRUARY 1989 ~ REVISED MARCH 1995

PARAMETER MEASUREMENT INFORMATION

14V vVce
3kQ > 3kQ
Output Test Output Test Output Test
Under Test Point Under Test Point Under Test Point
cL cL cL '
(see Note A) j_: (see Note A) T \ 3ka (see Note A) I
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
td, tn AND t¢ tpzH AND tpHz tpzL AND tp 2
NOTE A: C|_ = 50 pF
Figure 1. Load Circuits
|, Address |
[ vald _’=
il
_ 2Vy 2V
cs 0.8V : An X 0.8V }(
| | [N
tpzH, ¢ |
PzH fPzL & "l - Hz tez e tauqa) —pIE T th(A)
24V 0%
o 2v
DATA OUT
0.4V 10% CLOCK
Figure 2. CS to Data Output Timing Figure 3. Address Timing
_ 2v
cs 0.8V “ /|
R }
tsu(cs) “¢—¥
¢ | le—>— tncs)
v |
110 CLOCK 2 8th
Clock =28V
Figure 4. Figure 4. CS to /0 CLOCK Timing
/
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TLC542C, TLC542l
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS075A - FEBRUARY 1989 — REVISED MARCH 1995

PARAMETER MEASUREMENT INFORMATION

ff(l/O) ___’l r__ _’: Il‘_' 'r(I/O)
||

wocrock 2V N |/ 2V 08V
0.8V | o8V |
N—-———-— felock(i/0) —¥
td(1/0-DATA) —|<-—b|
ty —n—ﬂ |
24V 24V
DATA OUT 0.4V 0.4V
|1
—» & t(bus) t(bus)
Figure 5. Data Output Timing
IO CLOCK _/T\
Clock | 08V
td(1o-EOC) —¢—P|
|
2.4V
EOC I l 0.4V
Iy
t{eoc) —» 14—

Figure 6. EOC Timing

—b{ l«— t(EOC)
|

EOC J

|
|
|
{4— t4(EOC-DATA) —P
7l'-_ 24V
DATA OUT oy

I
{¢— Valid MSB —p

Figure 7. Data Output to EOC Timing
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TLC542C, TLC542
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS075A - FEBRUARY 1989 - REVISED MARCH 1995

APPLICATIONS INFORMATION

simplified analog input analysis

Using the equivalent circuit in Figure 8, the time required to charge the analog input capacitance from 0 to Vg

within 1/2 LSB can be derived as follows:
The capacitance charging voltage is given by

Vg =Vg (1—e ~te/RC )

where
Ri=Rs + 1
The final voltage to 1/2 LSB is given by
VG (1/2 LSB) = Vg - (Vg/512)
Equating equation 1 to equation 2 and solving for time t. gives

Vs - (Vg/512) = Vg (1— ~to/RHCi )

and
ts (1/2 LSB) = Ry x Cj x In(512)

Therefore, with the values given the time for the analog input signal to settle is
t; (1/2 LSB) = (Rg + 1 kQ) x 60 pF x In(512)

This time must be less than the converter sample time shown in the timing diagrams.

Driving Sourcet < > TLC542

Ve
| 1kQMAX _L
I ci
| ;l; 50 pF MAX

V| = Input Voltage at INPUT A0-A10
Vg = External Driving Source Voltage
Rg = Source Reslistance

r = Input Resistance

Cj = Input Capacitance

 Driving source requirements:
* Noise and distortion for the source must be equivalent to the
resolution of the converter.
* Rg must be real at the input frequency.

Figure 8. Equivalent Input Circuit Including the Driving Source

M

@
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TLC542C, TLC542l
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS075A - FEBRUARY 1989 ~ REVISED MARCH 1995

PRINCIPLES OF OPERATION

The TLC542 is a complete data acquisition system on a single chip. The device includes such functions as analog
multiplexer, sample and hold, 8-bit A/D converter, data and control registers, and control logic. Three control inputs
(/O CLOCK, CS (chip select), and ADDRESS INPUT) are included for flexibility and access speed. These control
inputs and a TTL-compatible 3-state output are intended for serial communications with a microprocessor or
microcomputer. With judicious interface timing, the TLC542 can complete a conversion in 20 ps, while complete
input-conversion-output cycles can be repeated every 40 ps. Futhermore, this fast conversion can be executed on
any of 11 inputs or its built-in self-test and in any order desired by the controlling processor.

When CS is high, the DATA OUT terminal is in a 3-state condition, and the ADDRESS INPUT and I/O CLOCK
terminals are disabled. When additional TLC542 devices are used, this feature allows each of these termminals, with
the exception of the CS terminal, to share a control logic point with their counterpart terminals on additional A/D
devices. Thus, this feature minimizes the control logic terminals required when using multiple A/D devices.

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

1. CS s brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits for two
rising edges and then a falling edge of the internal system clock before recognizing the low CS transition.
The MSB of the result of the previous conversion automatically appears on the DATA OUT terminal.

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

3. Threeclock cycles are applied to the I/O CLOCK terminal and the sixth, seventh, and eighth conversion bits
are shifted out on the negative edges of these clock cycles.

4. Thefinal eighth clock cycle is applied to the I/0 CLOCK terminal. The falling edge of this clock cycle initiates
a 12-system clock (= 12 us) additional sampling period while the output is in the high-impedance state.
Conversion is then performed during the next 20 ps. After this final /0 CLOCK cycle, CS must go high or
the 1/0 CLOCK must remain low for at least 20 us to allow for the conversion function.

CS can be kept low during periods of multiple 2 conversion. If CS is taken high, it must remain high until the end of
conversion. Otherwise, a valid falling edge of CS causes a reset condition, which aborts the conversion process.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1 through
4 before the 20-us conversion time has elapsed. Such action yields the conversion result of the previous conversion
and not the ongoing conversion.

The end-of-conversion (EOC) output goes low on the negative edge of the eighth /O CLOCK. The subsequent
low-to-high transition of EOC indicates the A/D conversion is complete and the conversion is ready for transfer.
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TLC545C, TLC5451, TLC546C, TLC546!
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995

e 8-Bit Resolution A/D Converter N or DW PACKAGE
® Microprocessor Peripheral or Stand-Alone (TOP VIEW)
Operation
® On-Chip 20-Channel Analog Multiplexer INPUT AO[} 1 ™ 28]l Voo
e Built-in Self.Test Mode INPUTA1[]2  27[] SYSTEM CLOCK
u INPUTA2[]3  26f] /O CLOCK
® Software-Controllable Sample and Hold INPUT A3(] 4 25[] ADDRESS INPUT
® Total Unadjusted Error. .. +0.5 LSB Max INPUT A4[] 5 24[] DATA OUT
© Timing and Control Signals Compatible INPUTAS[l6  23[]CS
With 8-Bit TLC540 and 10-Bit TLC1540 A/D INPUT A6} 7 22f] REF+

Converter Families :zgg: :; s 21 mEPIL} Ath
16 20(]
[ J
CMOS Technology INPUT AS[] 10 1of] INPUT A17
PARAMETER TL545 TL546 INPUT A10[} 11 18[] INPUT A16
Channel Acquisition Time 15ps 2.7ps INPUT A11[] 12 17]] INPUT A15
Conversion Time (Max) 9 us 17 ps INPUT A12[] 13 16[] INPUT A14
Sampling Rate (Max) 76x103 | 40x108 GND[} 14  15]JINPUT A13
Power Dissipation (Max) 15 mW 15 mwW .
FN PACKAGE
description (TOP VIEW)
The TLC545 and TLC546 are CMOS S
analog-to-digital converters built around an 8-bit S
switched capacitor successive-approximation . o ©OX
. . N 2 - < s (6]
analog-to-digital converter. They are designed for :2 = :’ = @9
serial interface to a microprocessor or peripheral 222 oh O
via a 3-state output with up to four control inputs 222252

including independent SYSTEM CLOCK, I/O
CLOCK, chip select (CS), and ADDRESS INPUT. INPUT A401 5 43212827 2625E ADDRESS INPUT
A 4-MHz system clock for the TLC545 and a  |\puTAS5[ 6 24[] DATA OUT

2.1-MHz system clock for the TLC546 with a  |\puT A1 7 23[] TS
8
9

design that includes simultaneous read/writt  |NpUT A7 22[] REF +
operation allowing high-speed data transfersand  |\pyT A8 21[] REF-

sample rates of up to 76,923 samples per second  |\\puT A9 ] 10 20[] INPUT A18
for the TLC545, and 40,000 samples per second  \\put A10 ] 11 19[] INPUT A17
for the TLC546. 12 1314 15 16 1718
e T o 1 s e T
rY¥gQIwe
< < % << <<
FEYEEEE
2D DD DD
o o oo oo
2Z zzzz
AVAILABLE OPTIONS
PACKAGE
TA CHIP CARRIER PLASTICDIP | SMALL OUTLINE
(FN) (N) (DW)
0°C 10 70°C TLC545CFN TLC545CN TLC545CDW
TLC546CFN TLC546CN TLC546CDW
] . TLC545IFN TLC545IN TLC5451DW
—40°Cto 85°C TLC5461FN TLCS546IN TLC546IDW
PRODUCTION DATA Information is cument as of date. Copyright © 1995, Texas Instruments incorporated
Sndard warrany. roaucion proceosing doos ot necessary nciude I}
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TLC545C, TLC5451, TLC546C, TLC5461
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995

description (continued)

In addition to the high-speed converter and versatile control logic, there is an on-chip 20-channel analog
multiplexer that can be used to sample any one of 19 inputs or an internal self-test voltage, and a
sample-and-hold that can operate automatically or under microprocessor control. :

The converters incorporated in the TLC545 and TLC546 feature differential high-impedance reference inputs
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises. A totally
switched capacitor design allows low-error (0.5 LSB) conversion in 9 ps for the TLC545, and 17 ps for the
TLC546, over the full operating temperature range. Detailed information on mterfacmg to most popular
microprocessors is readily available from the factory.

The TLC545C and the TLC546C are characterized for operation from 0°C to 70°C. The TLC545| and the
TLC5461 are characterized for operation from —40°C to 85°C.

functional block diagram

( Ao+
2
:; 3 REF+  REF-
s 22 21
A3 5—
A4 32—
A58 |
A6 1 8-Bit
A7 8 ' Sampl Analog-to-Digital
9 : ple > Converter <
A8 —— 20-Channel >
INPUTSS A9 2] Analog and  (Switched-capacitors)
ﬁ 11 Hold
A103-{ Multiplexer
A1 43] 8
A12 o
15
A13 -
B Output &-to-1 Data
A14 —— 8 o1 Da ”
A15 :g put Data ” Selector and gﬁ?
== 5 Register
::-7 19 ] - Address 9 , Driver
L A18 2L Register Y v A 1
a4}
L Self-T sy - ‘
olf-Tost > Control Logic
Reference > and IO
ADDRESS 25 > input 2 . Counters
INPUT g Multiplexer 7
(&)
' A J‘
o 26 .
CLOCK >
cs 2 >— - A
SYSTEM o7 -
CLOCK >
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TLC545C, TLC5451, TLC546C, TLC5461
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995

typical equivalent inputs

INPUT CIRCUIT IMPEDANCE DURING SAMPLING MODE INPUT CIRCUIT IMPEDANCE DURING HOLD MODE
1kQTYP
INPUT INPUT
A0-A18 Cy =60 pF TYP A0-A18
(equivalent input 5MQTYP
capacitance) )

operating sequence

o lalzlalalslelr]e 12 s |als]olr s
Bont m
cu.ocx-l_s.,_rl_l—l.l—l_l_H-lJ"Ll_Ll—LI: ﬂﬂﬂmw
| | | ' le— teonv. —'I I, Access | Cycle C |
| L— Access F— Sample __ql r_ Cycle C_ﬂ
| | Cycle B — Cycle B |
! | (seeNote C) SeeNoteA |
oy | l am— r
[ L T
| I M twHEs) — |
| MSB LSB MSB L

| SB
ADI:::Eﬁ? _H @ @ @ @ B0 Don’t Care § ¢ : Don’t Care
' Hi-Z
ng_K: YN Hiz State I @@@@@@’
A7

LSB LSB
MSB <«— Previous Conversion DataA —» <4+——— Conversion DataB ———»
(see Note B) \ MSB MSB MSB

NOTES: A. The conversion cycle, which requires 36 system clock periods, is initiated with the eighth /O CLOCKY 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-A0) will be clocked out on the first seven I/O CLOCK falling edges.
C. To minimize errors caused by noise at the TS 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)t

Supply voltage, Voc (SEE NOtE 1) ..ottt e e it 6.5V
Input voltage range, V| (@ny input) .........ooiuiiiiiii i e -0.3VtoVgg+0.3V
Outputvoltage range, Vo  ...o.vvieiiiiii i -0.3Vto Ve +0.3V
Peak input current range (@ny input) .........oiiiiiiiiiiii i e +10 mA
Peak total input current (@ll inputs) ...ttt e e e +30 mA
Operating free-air temperature range, Ta: TLC545C, TLC546C ..........cccvveviuennnnn.. 0°C to 70°C

TLC5451, TLC5461 .......ccovvieiiiiennnn.. -40°C to 85°C
Storage temperature range, Tgpg « .-« v veereeeeeatennai e -65°C to 150°C
Case temperature for 10 seconds, Tg: FN package ......................................... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N or DW package ............... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to network ground terminal. .
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TLC545C, TLC5451, TLC546C, TLC5461
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995

recommended operating conditions

TLC545 TLC546 UNIT
. MIN NOM MAX MIN NOM MAX
Supply voltage, Voo 4.75 5 55 4.75 5 5.5 Vv
Positive reference voltage, Vyet.. (see Note 2) 0 Vge Vo +0.1 0 Vgce Voo +041 Vv
Negative reference voltage, Vyef— (see Note 3) -0.1 0 Vee -0.1 0 Vece \Y
Differential reference voltage, Vyefs. — Vyef- (see Note 3) 0 Vgcc Voo +0.2 0 Voo Voo +02 v
Analog input voltage (see Note 3) 0 Vee 0 Vee \"
High-level control input voltage, V|4 2 2 v
Low-level control input voltage, V). 0.8 0.8 \Y
tSetup time, address bits at data input before 1/0 CLOCKT, 200 400 ns
Su(A)
Address hold time, th 0 0 ns
Setup time, CS low before clocking in first address bit, ts(CS) 3 3 sésgg,?‘
(see Note 2) cycles
1/0 CLOCK frequency, folock(l/O) 0 2.048 0 1.1| MHz
SYSTEM CLOCK frequency, fclock(SYS) felock(1/0) 4 | fclock(1/0) 21)] MHz
— System
Pulse duration, CS high during conversion, twH(Cs) 36 36 clocl
B cycles
Pulse duration, SYSTEM CLOCK high, twH(SYS) 110 210 ns
Pulse duration, SYSTEM CLOCK low, twL(SYS) 100 190 ns
Pulse duration, I/O CLOCK high, twH(1/0) 200 404 ns
Pulse duration, /O CLOCK low, tw (1/0) 200 404 ns
System fclock(SYS) < 1048 kHz 30 30 ns
Clock transition time fclock(SYS) > 1048 kHz 20 20
(see Note 4) /o felock(l/O) < 525 kHz ) 100 ]
fclock(l/O) > 525 kHz 40 40
. ) TLC545C, TLC546C 0 70 0 70
Operating free-air temperature, Tp
TLC545I, TLC5461 -40 85 -40 85 °C

NOTES: 2. Tominimize errors caused by noise at CS, 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.

3. Analog input voltages greater than that applied to REF+ convert as all “1”s (11111111), while input voltages less than that applied
to REF-convertas all “0”s (00000000). As the differential reference voltage decreases below 4.75 V, the total unadjusted error tends

to increase.

4. This is the time required for the clock input signal to fall from Vi min to Vi max or to rise from V| max to V| min. In the vicinity
of normal room temperature, the devices function with input clock transition time as slow as 2 us for remote data acquisition

applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor.
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TLC545C, TLC5451, TLC546C, TLC5461
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995

electrical characteristics over recommended operating temperature range,
Vee = Vref+ = 4.75 V 10 5.5 V, fgjock(1/0) = 2.048 MHZ for TLC545 or fgjock(/0) = 1.1 MHz for TLC546
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
VOH High-level output voltage (DATA OUT) Voo =475V, IoH =—360 pA 24 \
VoL Low-level output voltage Voo =475V, loL=3.2mA 0.4 v
o Vo =Vgce, CSatVcg 10
[ Off-state (high-impedance state) ouput current —
0z (hig ) oup Vo =0, TS atvee o] ™
IH High-level input current Vi=Vgoe 0.005 2.5 pA
iL Low-level input current Vi=0 -0.005 -25 pA
Icc Operating supply current CSatov 1.2 25| mA
Selected channel at Ve, 0.4 1
Unselected channel at 0 V .
Selected channel leakage current WA
Selected channel at0 Vv, _0.4 -1
Unselected channel at Voo .
Icc +lref  Supply and reference current Vret+ = VCC: CSatoVv 1.3 3| mA
Analog i 7 55
Gj Input capacitance fa9 |.nputs pF
Control inputs 5 15
T Al typical values are at T = 25°C.
operating characteristics over recommended operating free-air temperature range,
Ve = Vrefs = 4.75 V 10 5.5 V, fejock(1/0) = 2.048 MHz for TLC545 or 1.1 MHz for TLC546,
felock(sYs) = 4 MHz for TLC545 or 2.1 MHz for TLC546
TLC545 TLC546
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Ep Linearity error See Note 5 +0.5 +0.5| LSB
Ezs Zero-scale error See Note 6 +0.5 +0.5| LSB
EFs Full-scale error See Note 6 +0.5 +0.5| LSB
Total unadjusted error See Note 7 +0.5 +0.5]| LSB
INPUT A19 address = 10011 | 01111101 10000011 | 01111101 10000011
Seit-test output code (see Note 8) (125) (31| (125 (131)
tcony  Conversion time See Operating Sequence 9 17 us
Igﬁ:rgf::‘;;gd See Operating Sequence 13 25 us
Channel acquisition time ; 1o
tag See Operating Sequence 3 31 clock
cq (sample cycle) cycles
Time output data remains
v valid after /0 CLOCKL 10 10 ns
Delay time, 1/0 CLOCK to
4 DATA OUT valid 300 400 ns
ten Output enable time See Parameter 150 150 ns
tdis Output disable time Measurement Information 150 150 ns
tr(ous) Data bus rise time 300 300 ns
tf‘bus) Data bus fall time 300 300 ns
NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.

6. Zero-scale error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for full-scale input voltage.
7. Total unadjusted error is the sum of linearity, zero-scale, and full-scale errors.
8. Both the input address and the output codes are expressed in positive logic. The INPUT A19 analog input signal is internally
generated and is used for test purposes.
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TLC545C, TLC5451, TLC546C, TLC546!
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995
PARAMETER MEASUREMENT INFORMATION

1.4V Vee
3kQ 3kQ
Output Test Output Test Output Test
Under Tzst Point Under Test Point Under Test Point
cL CL 3kQ CL
(see Note A) I (see Note A) I (see Note A) I
Note B See Note B
LOAD CIRCUIT FOR See Note
t, t AND LOAD CIRCUIT FOR LOAD CIRCUIT FOR
tpzH AND tpiz tpzL AND tp 2
Vee
-N
: -Jl- ———————— ov
) |
SYSTEM ) W ||
cLocK |
I .
t
pzL—>| [— »l le— tpLz
—\ L veo
Output Waveform1 .
(see Note C) See Note B | | 50% | 10% ov
| N———
Pz r_ — ‘k— tPHZ
—————— v
Output Waveform 2 ' 90% OH
(see Note C) ) 50%
ov

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

/0 CLOCK \
oo 08V Output | | 24V
e td -»l i : : ——— 04V

! tr — - —» |

DATA OUT >¢ ———————— 24V
———— 08V VOLTAGE WAVEFORMS FOR RISE AND FALL TIMES

VOLTAGE WAVEFORMS FOR DELAY TIME
NOTES: A. C) =50 pF for TLC545 and 100 pF for TLC546

B. ten=tpzH ortpz|, tdis = tPHz or tPL.Z
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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TLC545C, TLC5451, TLC546C, TLC546
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995

simplified analog input analysis

Using the equivalent circuit in Figure 1, the time required to charge the analog input capacitance from 0 to Vg
within 1/2 LSB can be derived as follows:

The capacitance charging voltage is given by

Vo= Vs (1-e ~1o/RCH) | )
where |
Ri=Rg+Tj
The final voltage to 1/2 LSB is given by
Ve (1/2LSB) = Vg - (Vg/512) 2)
Equating equation 1 to equation 2 and solving for time t; gives
Vs -(Vg/512) = Vg (1-e ~1/RtCi) | @)
and
tc (1/2 LSB) = Ry x Cj x In(512) (@)

Therefore, with the values given the time for the analog input signal to settle is
tc (1/2LSB) = (Rs + 1 k) x 60 pF x In(512) (5)
This time must be less than the converter sample time shown in the timing diagrams.
I

Driving Sourcet < | » TLC545/6
|
Rg \I/I n
Vs —aw AN Ve
1 kQ MAX
l Ci

|
|
I I 50 pF MAX

V| = Input Voltage at INPUT A0-A18
Vs = External Driving Source Voltage
Rg = Source Resistance

ri =Input Resistance

Ci = Input Capacitance

1 Driving source requirements:
+ Noise and distortion for the source must be equivalent to the
resolution of the converter.
* Rg must be real at the input frequency.

Figure 1. Equivalent Input Circuit Including the Driving Source
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TLC545C, TLC5451, TLC546C, TLC5461
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A - DECEMBER 1985 — REVISED MARCH 1995
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; CS, ADDRESS INPUT, I/O CLOCK, and SYSTEM CLOCK. These control
inputs and a TTL-compatible 3-state output facilitate serial communications with a microprocessor or microcomputer.
The TLC545 and TLC546 can complete conversions in a maximum of 9 and 17 s respectively, while complete
input-conversion-output cycles can be repeated at-a maximum of 13 and 25 ps, respectively.

The system clock and 1/O clock are normally used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for the device.
Once a clock signal within the specification range is applied to the SYSTEM CLOCK input, the control hardware and
software need only be concerned with addressing the desired analog channel, reading the previous conversion result,
and starting the conversion by using the I/O CLOCK. 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, DATA OUT is in a high-impedance condition, and ADDRESS INPUT and /O CLOCK are disabled.
This feature allows each of these terminals, with the exception of CS, to share a control logic point with their
counterpart terminals on additional A/D devices when additional TLC545/TLC546 devices are used. Thus, the above
feature serves to minimize the required control logic terminals 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( CS, the internal circuitry waits for two rising edges
and then a falling edge of the SYSTEM CLOCK after a CS transitiorl before the transition is recognized. The
MSB of the previous conversion result automatically appears on DATA OUT.

2. Anew positive-logic multiplexer address is shifted in on the first five rising edges of 1/0 CLOCK. The MSB of
the address is shifted in first. The negative edges of these five 1/0 clocks shift out the second, third, fourth, fifth,
and sixth most significant bits of the previous conversion result. The on-chip sample and hold begins
sampling the newly addressed analog input after the fifth falling edge. The sampling operation basically
involves the charging of internal capacitors to the level of the analog input voltage.

3. Twoclockcycles are then applied to /O CLOCK and the seventh and eighth conversion bits are shifted out on
the negative edges of these clock cycles.

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

CScanbe keptlow 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 I/0 CLOCK
line, the 1/O sequence between the microprocessor/controller and the device loses synchronization. Also, if CSis
taken high, it must remain high until the end of conversion. Otherwise, a valid falling edge of CS causes a reset
condition, which aborts 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 yields the conversion result of the previous conversion and
not the ongoing conversion.
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TLC545C, TLC5451, TLC546C, TLC546!
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 19 INPUTS

SLAS066A ~ DECEMBER 1985 — REVISED MARCH 1995

PRINCIPLES OF OPERATION

Itis possible to connect SYSTEM CLOCK and I/O CLOCK 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. Thefirsttwo clocks are required for this device to recognize CS is at a valid low level when the common clock
signalis used as an /O CLOCK. When CS is recognized by the device to be at a high level, the common clock
signal is used for the conversion clock also.

2. AlowCS must be recognized before the I/O CLOCK can shift in an analog channel address. The device
recognizes a CS transition when the SYSTEM CLOCK terminal receives two positive edges and then a
negative edge. For this reason, after a CS negative edge, the first two clock cycles do not shift in the address.
Also, upon shifting in the address, CS must be raised after the eighth valid (10 total) /O CLOCK. Otherwise,
additional common clock cycles are recognized as I/O CLOCKS and 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 accommodates these applications. Although the on-chip sample and hold begins sampling upon the
negative edge of the fourth valid I/O clock cycle, the hold function is not initiated until the negative edge of the eighth
valid /O clock cycle. Thus, the control circuitry can leave the I/O clock signal in its high state during the eighth valid
1/0 clock cycle, until the moment at which the analog signal must be converted. The TLC545/546 continues sampling
the analog input until the eighth valid falling edge of the 1/O clock. The control circuitry or software must then
immediately lower the 1/O clock signal to initiate the hold function at the desired point in time and to start conversion.

Detailed information on interfacing to-most popular microprocesors is readily available from the factory.
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TLC548C, TLC548I, TLC549C, TLC549I
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A - NOVEMBER 1983 — REVISED MARCH 1995

® Microprocessor Peripheral or Stand-Alone D OR P PACKAGE
Operation (TOP VIEW)

o 8-Bit Resolution A/D Converter REF v

e DI + 1 8l Vce
Differential Reference Input Voltages ANALOG IN I 2 7 0 cLock

® Conversion Time ... 17 us Max Rer- [ 3 ¢ pATA OUT

® Total Access and Conversion Cycles Per : GND [] 4 CS
Second

—-TLC548. . . up to 45,500
- TLC549. .. up to 40,000

On-Chip Software-Controllable
Sample-and-Hold

Total Unadjusted Error . . . 10.5 LSB Max
4-MHz Typical Internal System Clock
Wide Supply Range...3Vto6V

Low Power Consumption . . . 15 mW Max

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

¢ CMOS Technology

descriptldn

The TLC548 and TLC549 are CMOS analog-to-digital converter integrated circuits built around an 8-bit
switched-capacitor successive-approximation ADC. They are designed for serial interface with a micro-
processor or peripheral through a 3-state data output and an analog input. The TLC548 and TLC549 use only
the input/output clock (YO CLOCK) input along with the chip select (CS) input for data control. The maximum
/O CLOCK input frequency of the TLC548 is 2.048 MHz, and the I/O CLOCK input frequency of the TLC549
is specified up to 1.1 MHz. Detailed information on interfacing to most popular microprocessors is readily
available from the factory.

Operation of the TLC548 and the TLC549 is very similar to that of the more complex TLC540 and TLC541
devices; however, the TLC548 and TLC549 provide an on-chip system clock that operates typically at 4 MHz
and requires no external components. The on-chip system clock allows internal device operation to proceed
independently of serial input/output data timing and permits manipulation of the TLC548 and TLC549 as desired
for awide 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.

AVAILABLE OPTIONS
PACKAGE
Ta SMALL OUTLINE | PLASTIC DIP
(D) (P)

TLC548CD TLC548CP

0"Cto70°C TLC549CD | TLC549CP
TLC548ID TLC548IP
-40°C 10 85°C TLC549ID TLCS49IP
monuc’fglh :nA'I": lntovm:n. I;“ w‘:.:&: M%f mmwa:. i Copyright © 1995, Texas Instruments Incorporated
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TLC548C, TLC548I, TLC549C, TLC549
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A - NOVEMBER 1983 — REVISED MARCH 1995

description (Continued)

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 ps.

The TLC548C and TLC549C are characterized for operation from 0°C to 70°C. The TLC548I and TLC549I are
characterized for operation from —40°C to 85°C.

functional block diagram

REF + 1 8-Bi
3 t
REF- Analog-to ‘8
) Sample chgltaI s 8
ANALOGIN —] and witohed o I
Hold (Switched- | Data "4
Capacitors) Regiser v
- a
Internal
System
Clock
. Control
cs Logicand
‘ Output Counter
» 110 CLOCK L ?

typical equivalent inputs

INPUT CIRCUIT IMPEDANCE DURING SAMPLING MODE

8-to-1 Data
Selector
and
Driver

6 DATA
out

INPUT CIRCUIT IMPEDANCE DURING HOLD MODE

1kQTYP

i)

ANALOG IN —Wv——:L ;
C| =60 pF TYP

(equivalent input
capacitance)

ANALOG IN

5MQTYP
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TLC548C, TLC548l, TLC549C, TLC5491
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A - NOVEMBER 1983 - REVISED MARCH 1995

operating sequence

hol2fs faIs Is |7 s W2 s fa Is ls |7 I8
o Don’t Care
—
CLOCK Access
j—Access o | campl e—tconv— | [+ —#  j¢e— Sample
ou(CS) 'l'—" Cycle B — amgg — (sse Noto A) les CycleC Cycle C —
| L tsu(CS)
&-.-4', | — |le,: I
| [ twH(CS;
Hi-Z su':: " HI-Z State
'},‘}}': A7_XaeXasKasXasKazXAXA) 45 ; B7 @@@@@@0
A7 1
'h— Previous Conversion Data A—> | |‘— Conversion Data B —>
MsB || msB LsB
|| (seeNote B) ten —¥| [+

ton ¢

NOTES: A. The conversion cycle, which requires 36 internal system clock periods (17 ps maximum), is initiated with the eighth I/0 clock pulse
trailing edge after CS goes low for the channel whose address exists in memory at the time.
B. The most significant bit (A7) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining seven bits
(A6-A0) will be clocked out on the first seven /O clock falling edges. B7-B0 will follow in the same manner.

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

Supply voltage, Vo (SEE NOE 1) ..ottt ittt ettt 6.5V
Input voltage range at any input  ....... ... e -0.3VtoVgc+03V
Outputvoltage range . .......ccoii i e -03VtoVgc+0.3V
Peak input current range (any input) ...... e et +10 mA
Peak total input current range (all iNPuts) ...t e i +30 mA
Operating free-air temperature range, Tp (see Note 2): TLC548C, TLC549C ............ 0°C to 70°C
TLC548I, TLC5491 ............ —-40°C to 85°C

Storage temperature range, Tgpg -« oveereernerrneriiiiiiinrieiiiiaiiiiiiiaaes —-65°C to 150°C
Lead temperature 1,6 mm (1/16g inch) fromcasefor10seconds ..........ccovvviiiiiniinnnn.. 260°C
NOTES: 1. All voltage values are with respect to the network ground terminal with the REF— and GND terminals connected together, unless

otherwise noted.

2. The D package is not recommended below —40°C.
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TLC548C, TLC548l, TLC549C, TLC5491
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A- NOVEMBER 1983 — REVISED MARCH 1995

recommended operating conditions

TLC548 : TLC549 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 3 5 6 3 5 6 \
Positive reference voltage, Vref,. (see Note 3) 25 Vgc. Voc+0.1 25 Voo Vect0.1 \
Negative reference voltage, Vyef— (see Note 3) -0.1 0 25| -0.41 0 25 \
Differential reference voltage, Vref,., Vref— (see Note 3) 1 Voo Vcoc+0.2 1 Vgc Vgc+0.2 \
Analog input voltage (see Note 3) - 0 Vce 0 \[ele} \%
High-level control input voltage, V|H (for VoG = 4.75 V t0 5.5 V) 2 ' 2 Vv
Low-level control input voltage, Vi (for Voc = 4.75V t0 5.5 V) ‘ 0.8 0.8 Vv
Input/output clock frequency, felock(l/0) (for Voc = 4.75 V10 5.5 V) 0 2.048 0 11| MHz
Input/output clock high, twH(1/0) (for VoG = 4.75 Vt0 5.5 V) 200 404 ns
Input/output clock low, tw (1/0) (for Voo = 4.75 Vto 5.5 V) 200 404 ns
e iy U0, beeNots |
Duration of CS input high state during conversion, "wH(CS) 17 17 us
(forVog=4.75Vt05.5V)
Setup time, CS low before first I/O CLOCK, tgy(cs) (for VoG = 4.75 V to 14 14 us
5.5 V) (see Note 5) : o .
Operating free-air temperature, Ta TLOS48C, TLC549C 0 0 0 L
TLC548I, TLC5491 -40 85| -40 85| °C

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 Vyef,., mustbe atleast 1 V greater than
the negative reference voltage Vyef—. In addition, unadjusted errors may increase as the differential reference voltage Vyefy — Vyet-
falls below 4.75 V.

4. Thisis the time required for the input/output clock input signal to fall from Vi min to V|i_ 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 ps for remote data
acquisition applications in which the sensor and the ADC are placed several feet away from the controlling microprocessor. .

5. To minimize errors caused by noise at the CS input, the internal circuitry waits for two rising edges and one falling edge of internal
system clock after CS. before responding to control input signals. This CS set-up time is given by the tgp and tsu(Cs) specifications.
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TLC548C, TLC548I, TLC549C, TLC5491
8-BIT ANALOG-TO-DIGITAL CONVERTERS

WITH SERIAL CONTROL

SLAS067A~ NOVEMBER 1983 - REVISED MARCH 1995

electrical characteristics over recommended operating free-air temperature range,
Vee = Vrefs = 4.75 V 10 5.5 V, feiock(1/0) = 2-048 MHz for TLC548 or 1.1 MHz for TLC549

(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VOH High-level output voltage Ve =475V, loH = —360 pA 24 "
VoL Low-level output voltage Vecc =475V, loL=32mA 0.4 Vv
loz Off-state (high-impedance state) output current Vo - Voo, C_S. atvee 10 pA
Vo =0, CS atVge -10
IH High-level input current, control inputs Vi=Vce 0.005 25| pA
L Low-level input current, control inputs V=0 -0.005 -25| pA
on) Analog channel on-state input current during Analog fnput atVee 0.4 1 VA
sample cycle Analog input at 0 V -0.4 -1
Icc Operating supply current CSatoV 1.8 25| mA
IcC + Iref Supply and reference current Vref+ = VCC 1.9 3| mA
§ Analog inputs 7 55
Ci Input capacitance Gontrol Inputs 5 5 pF
operating characteristics over recommended operating free-air temperature range,
VG = Vrets = 4.75 V 10 5.5 V, fjock(1/0) = 2.048 MHz for TLC548 or 1.1 MHz for TLC549
(unless otherwise noted)
TLC548 TLCS549
PARAMETER TEST CONDITIONS MIN TYPT MAX| MIN TYPT MAX UNIT
EL Linearity error See Note 6 0.5 +0.5| LSB
Ezs Zero-scaleerror See Note 7 0.5 +0.5| LSB
EFs Full-scale error See Note 7 +0.5 +0.5| LSB
Total unadjusted error See Note 8 +0.5 +05| LSB
teonv Conversion time See Operating Sequence 8 17 12 17 us
Total access and conversion time See Operating Sequence 12 22 19 25 ps
[l[e]
ta Channel acquisition time (sample cycle) | See Operating Sequence 4 4] clock
cycles
W e o o ns
t4 Delay time to data output valid 1/0 CLOCK! 2000 400 ns
ten Output enable time 1.4 1.4 us
tdis Output disable time 150 150 ns
if,(b_w;) Data bus rise time a::;l:::r:te :nf ormation 300 300 ns
 t(bus) Data bus fall time 300 300 ns

T All typicals are at Vg = 5 V, Ta = 25°C.

NOTES: 6.
7.

8.

between 11111111 and the converted output for full-scale input voltage.

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

Linearity error is the deviation from the best straight line through the A/D transfer characteristics.
Zero-scale error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
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TLC548C, TLC548l, TLC549C, TLC5491
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A - NOVEMBER 1983 - REVISED MARCH 1995

PARAMETER MEASUREMENT INFORMATION

14V Vce

3kQ . 3kQ
Output ot Output Test
Output Test Under Test Under Test g Point
Under Test Point cL 3kQ oL
cL (see Note A) I R (see Note A) I
(see Note A) I , = = "
= See Note B -
' See Note B
LOAD CIRCUIT FOR ; LOAD CIRCUIT FOR
td, tn AND t ' tpZH AND tpHz L"t‘;gﬂ':‘%”t':g“
| | V= Yee
[ 50% / 50%
’ f——————————— ov
' |
| o o — iz
, I | { Vee
Output Waveform 1 |
(see Note C) | ‘I& 50% l 1‘ 10%

| I — S ——— oV
[ Pz —H [ tprz —':

—————— v
Output Waveform 2 | 50% 90% OH
(see Note C) !
! See Note B ov

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

/0 CLOCK \ L
______ o8V Output | | 24V
| |
(!

L_ § ——— 04V
|

X ________ aqy lrbus) ¥ 1 4 t(pus)

DATA OUT

VOLTAGE WAVEFORMS FOR RISE AND FALL TIMES

VOLTAGE WAVEFORMS FOR DELAY TIME

NOTES: A. Cp =50 pF for TLC548 and 100 pF for TLC549; Cy_ includes jig capacitance.
B. ten =tpzH ortpzL, tdis = tPHZ or tpLz.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.
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TLC548C, TLC548l, TLC549C, TLC549]
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A - NOVEMBER 1983 —~ REVISED MARCH 1995

APPLICATIONS INFORMATION

simplified analog input analysis

Using the equivalent circuit in Figure 1, the time required to charge the analog input capacitance from 0 to Vg within
1/2 LSB can be derived as follows: -

The capacitance charging voltage is given by

Vo= Vs (1-e -t C/R‘Ci) 1)
where

Ri=Rg+r
The final voltage to 1/2 LSB is given by

Vg (1/2LSB) = Vg - (Vg/512) 2
Equating equation 1 to equation 2 and solving for time t, gives

Vs -(Vg/512) = Vg (1-e ~1o/RC1) &)
and

ts (1/2 LSB) = Ry x C; x In(512) (4)
Therefore, with the values given the time for the analog input signal to settle is

t; (1/2 LSB) = (Rg + 1 kQ) x 60 pF x In(512) ' (5)

This time must be less than the converter sample time shown in the timing diagrams.

Driving Sourcet <« I » TLC548/9

V| = Input Voltage at ANALOG IN
Vs = External Driving Source Voltage
Rg = Source Resistance

ri =Input Resistance

Cj = Input Capacitance

't Driving source requirements:
* Noise and distortion for the source must be equivalent to the
resolution of the converter.
¢ Rg must be real at the input frequency.

Figure 1. Equivalent Input Circuit Including the Driving Source
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TLC548C, TLC548l, TLC549C, TLC549I
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A - NOVEMBER 1983 ~ REVISED MARCH 1995

PRINCIPLES OF OPERATION

The TLC548 and TLC549 are each complete data acquisition systems on a single chip. Each contains an internal
system clock, sample and hold, 8-bit A/D converter, data register, and control logic circuitry. For flexibility and access
speed, there are two control inputs: I/O CLOCK and chip select (CS). These control inputs and a TTL-compatible
3-state output facilitate serial communications with a microprocessor or minicomputer. A conversion can be
completed in 17 s or less, while complete input-conversion-output cycles can be repeated in 22 ps for the TLC548
and in 25 ps for the TLC549.

The internal system clock and I/O CLOCK are used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for the device.
Due to this independence and the internal generation of the system clock, the control hardware and software need
only be concerned with reading the previous conversion result and starting the conversion by using the I/O 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, DATA OUT is in a high-impedance condition and I/O CLOCK is disabled. This CS control function
allows 1/0 CLOCK to share the same control logic point with its counterpart terminal when additional TLC548 and
TLC549 devices are used. This also serves to minimize the required control logic terminals 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. CSis brought low. To minimize errors caused by noise at C_:_S_ the internal circuitry waits for two rising edges
and then a falling edge of the internal system clock after a CSJ before the transition is recognized. However,
upon a CS rising edge, DATA OUT will go to a high-impedance state within the tgjs specification even though
the rest of the integrated circuitry will not recognize the transition until the tg(cs) specification has elapsed.
This technique is used to protect the device against noise whén used in a noisy environment. The most
significant bit (MSB) of the previous conversion result will initially appear on DATA OUT when CS goes low.

2. Thefalling edges of the first four I/O CLOCK cycles 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 analog input after the
fourth high-to-low transition of I/O CLOCK. The sampling operation basically involves the charging of internal
capacitors to the level of the analog input voltage.

3. Three more I/O CLOCK cycles are then applied to the /O CLOCK terminal and the sixth, seventh, and eighth
conversion bits are shifted out on the falling edges of these clock cycles.

4. The final, (the eighth), clock cycle is applied to I/0 CLOCK. 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 eighth I/O 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 onthe
I/0 CLOCK ine. If glitches occur on /O CLOCK, the I/O sequence between the microprocessor/controller and
the device will lose synchronization. If CS is taken high, it must remain high until the end of conversion.
Otherwise, a valid high-to-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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TLC548C, TLC548I, TLC549C, TLC5491
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL

SLAS067A - NOVEMBER 1983 — REVISED MARCH 1995

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 fourth /0 CLOCK cycle, the hold function does not begin until the high-to-low transition
of the eighth I/O CLOCK cycle, which should occur at the moment when the analog signal must be converted. The
TLC548 and TLC549 will continue sampling the analog input until the high-to-low transition of the 8th I/O CLOCK
pulse. The control circuitry or software will then immediately lower /0O CLOCK and start the holding function to hold
the analog signal at the desired point in time and start conversion.

Detailed information on interfacing to the most popular microprocessor is readily available from Texas Instruments.
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TLC0820AC, TLCO0820AI

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

SLAS064A - SEPTEMBER 1986 — REVISED JUNE 1994

® Advanced LINCMOS™ Silicon-Gate
Technology

e 8-Bit Resolution
o Differential Reference Inputs
® Parallel Microprocessor Interface

® Conversion and Access Time Over
Temperature Range
Read Mode . . . 2.5 pus Max

® No External Clock or Oscillator
Components Required

@ On-Chip Track and Hold
® Single 5-V Supply

® TLCO0820A Is Direct Replacement for
National Semiconductor ADC0820C/CC and
Analog Devices AD7820K/B/T

description

The TLCO0820AC and the TLCO0820Al are
Advanced LinCMOS™ 8-bit analog-to-digital
converters each consisting of two 4-bit flash
converters, a 4-bit digital-to-analog converter, a
summing (error) amplifier, control logic, and a
result latch circuit. The modified flash technique
allows low-power integrated circuitry to complete
an 8-bit conversion in 1.18 us over temperature.
The on-chip track-and-hold circuit has a 100-ns
sample window and allows these devices to
convert continuous analog signals having slew
rates of up to 100 mV/us without external sampling
components. TTL-compatible 3-state output

DB, DW, OR N PACKAGE
(TOP VIEW)

ANLG IN {] 4
(LSB) DO} 2

Di{] s 18]] OFLW
D2[] a4 17}] D7 (MSB)
D3[] s 16{] D6
WR/RDY [l 6 15[] D5
MODE[] 7 14]] D4
RD[}s 13[] CS
INT[] o 12][] REF +
GND[} 10 11| REF-
FN PACKAGE
(TOP VIEW)
cﬁg Z
29 o
—o0oZ 00
oo<>Z
| NN S W— m— -
D2 43 2120 1918[ OFTW
D3 []s 17[] D7 (MSB)
WR/RDY []6 16[} D6
MODE [] 7 15[] D5
RD []s 14[] D4
10 11 12 13
ol +
| Z u b
cu o
NG-No internal connection

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.

AVAILABLE OPTIONS
PACKAGE
e PLASTIC PLASTIC
T UNADJUSTED
A ERROR ssoe SMALL OUTLINE | CHIP CARRIER | PLASTICDIP
(DB) ™)
(ow) (FN)
0°C to 70°C +1LSB | TLC0B20ACDB | TLG0820ACDW | TLC0820ACFN | TLC0820ACN
-40°C to 85°C +1LSB | TLC0B20AIDB | TLC0820AIDW | TLC0820AIFN | TLCO820AIN

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA Information Is cument as of publication date. .
Products conform to specifications per the terms of mlnsr:n”:m

standard warranty.
testing of all parameters.
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functional block diagram
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Terminal Functions

TERMINAL
I[e] DESCRIPTION
NAME NO.

ANLG IN 1 | Analog input

CS 13 | Chip select. CS must be low in order for RD or WR to be recognized by the ADC.

Do 2 O | Digital, 3-state output data, bit 1 (LSB)

D1 3 O | Digital, 3-state output data, bit 2

D2 4 (o] Digital, 3-state output data, bit 3

D3 O | Digital, 3-state output data, bit 4

D4 14 O | Digital, 3-state output data, bit 5

D5 15 (o] Digital, 3-state output data, bit 6

D6 16 O | Digital, 3-state output data, bit 7

D7 17 O | Digital, 3-state output data, bit 8 (MSB)

GND 10 Ground

INT 9 O | Interrupt. In the write-read mode, the interrupt output (INT) going low indicates that the internal count-down delay
time, ‘d(mt) is complete and the data result is in the output latch. The delay time tq(jnt) is typically 800 ns starting
after the rising edge of WR (see operating characteristics and Figure 3). If RD goes low prior to the end of td(int),
INT goes low at the end of of tg(RiL) and the conversion results are available sooner (see Figure 2). INT is reset by
the rising edge of either RD or CS.

MODE 7 | Mode select. MODE is internally tied to GND through a 50-pA current source, which acts like a pulldown resistor.
When MODE is low, the read mode is selected. When MODE is high, the write-read mode is selected.

NC 19 No internal connecﬂon

FLW 18 O | Overflow. Normally OFLW is a logical high. However, if the analog input is higher than Vet OFLW will be low at
the end of conversion. It can be used to cascade two or more devices to improve resolution (9 or 10 bits).

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

REF- 1 | Reference voltage. REF - is placed on the bottom of the resistor ladder.

REF + 12 | Reference voltage. REF + is placed on the top of the resistor ladder.

\ole} 20 Power supply voitage

WR/RDY 6 /O | Writeready. Inthe write-read mode with CS low, the conversion is started on the falling edge of the WR input signal.

Theresultofthe conversionis strobedinto the output atch after the internal count-down delay time, t(int), provided
thatthe RD input does not go low prior to this time. The delay time 1e t(int) is approximately 800 ns. Inthe read mode,
RDY (an open-drain output) goes low after the falling edge of CS and goes 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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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vog (SEENOIE 1) .o i et ettt 0V
Input voltage range, all inputs (see Note 1) .......covviiiiiiniiiiiiriinn.n. -0.2VtoVgg+0.2V
Output voltage range, all outputs (seeNote 1) ... ...t iiiiiine., -0.2VtoVgc+0.2V
Operating free-air temperature range: TLCO820AC .............ccciiiiiiiiiiinnnann., 0°C to 70°C

TLCOB20AI ...ttt iii e eaanneens —40°C to 85°C
Storage temperature range . ......c.uittii it e -65°C to 150°C
Case temperature for 10 seconds: FNpackage ..........cooiiiiiiiiiiiiiiiiiiiiiinennennnn, 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DB, DW or N package ........... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltages-are with respect to network GND.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Voo 4.5 5 8 "
Analog input voltage -0.1 Voo +0.1 \
Positive reference voltage, Vyef .. Vref— Vce v
Negative reference voltage, Vyef— - GND Vref+ \
High-level input voltage, V| Voc=475V105.25V CS, WR/RDY, R 2 Y
MODE__ 35

. . CS, WR/RDY, RD 0.8
Low-level input voltage, V| Voo =4.75V105.25V MODE 5 Vv
Pulse duration, write in write-read mode, tw(w) (see Figures 2, 3, and 4) ' 0.5 50 us
Operating free-air temperature, TA TLC0820AC 0 70 °C

TLCO0820A! -40 85

/
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ele%tsi)cal characteristics at specified operating free-air temperature, Vg = 5 V (unless otherwise
not

PARAMETER TEST CONDITIONS Tat MIN TYP MAX| UNIT
_ YCC ’_43;3 :.’A Fullrange | 2.4
Vv High-level output voltage DO-D7,INT, or OH = \
OH OFLW VoG =475V, Fulrange | 45
IoH =-10 pA 25°C 4.6
¥ D0-D7, OFLW, INT, |Vcg=525V, Full range 0.4
VoL Low-level output voltage or WRIRDY loL = 1.6 mA 25°C Y \
CSorRD Full range 0.005 1]
Full 3
. . WR/RDY L ane
H High-level input current ViH=5V 25°C 0.1 0.3 pA
Full range 200
MODE
25°C 50 170
L Low-level input current OCrS,;‘\(I)VSéRDY, RD, ViL=0 Full range -0.005 -1 uA
Vo =5V Full range 3
o= o,
Off-state (high-impedance-state) _ 25°C 01 03
loz output current D0-D7 or WR/RDY Vo =0 Full range -3 nA
0= 25°C ~01  -03
Full 3
CSat5V, V=5V fmmond®
: . 25°C 0.3
] Analog input current Full rangs 3 HA
CSat5V, V=0
! 25°C ~03
D0-D7, OFLW, INT, Full range 7
) ) ’ V =
or WR/RDY 0=5V 25°C 8.4 14
! Short-circuit output current D0-D7 or OFLW Full range =5 mA
08 —oror Vo0 25°C | 7.2 -12
INT 0= Fullrange | -4.5
25°C -53 -9
Fuli 1.256 6
Rref  Reference resistance ol kQ
25°C 1.4 23 53
TS, WR/RDY, and Full range 15
! S ent = ' mA
CC  Supply curr RDatoV 25°C 75 18
Do-D7 5
Ci Input cital Ful
i nput capacitance ANLG N ull range e pF
Co Output capacitance : D0-D7 Full range 5 pF
T Full range is as specified in recommended operating conditions.
{i’
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operating characteristics, Vcc =5V, Vrets. = 5 V, Vref—= 0, t, =ty = 20 ns, Tp = 25°C (unless otherwise
noted) )
PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT
ksvs Supply-voltage sensitivity Voo =5V 5%, Ta = MIN to MAX +1/16 +1/4] LSB
Total unadjusted errort MODE at0 V, TA = MIN to MAX ! 1| LSB
tconv(R) Conversion time, read mode MODE at0 V, See Figure 1 1.6 25| ps
tar)  Access time, RD to data valid MODEat0V,  See Figure 1 foorv(®) foorv(®) | g
- MODE at5V, CL=15pF 190 280
ta(R1 Access time, RD! to data valid <td(int), ns
AR fgé\gl%urtggm) CL = 100 pF 210 320
- MODE at5V, CL=15pF 70 120
ta(R2 Access time, RD! to data valid R) > td(int), ns
(R2) Sw Furea™ [GL = 100 pF 90 150
| taINT) __ Access time, INT! to data valid MODE at5V,  See Figure 4 20 50| ns
tgis Disable time, RDT to data valid g'ée'égk‘f}es 12 3C|e1:d150 PF 70 95| ns
. MY Ty = MODE at5V, CL =50 pF, .
t(int) Delay time, WR/RDYT to INT See Figures 2, 3, and 4 800 1300| ns
td(NC) Delay time, to next conversion See Figures 1,2, 3,and 4 500 ns
- Delay time, WR/RDYT to RD{ in )
td(WR) write-read mode See Figure 2 04 us
t4RDY) Delaytime, TSL to WR/RDY{ g;ogg‘:rg Y. CL-80pR 5 100| ns
t4(RIH)  Delay time, RDT to INTT CL =50 pF, See Figures 1,2, and 3 125 225| ns
@RIy  Delay time, RDL to INTL 'S‘;DF'fg‘;‘rg ;’ td(WR) <td(int), 200 200 | ns
tqWiH) Delay time, WR/RDYT to TNTT g?eDngfrz 3 CL=80fFR 175 270| ns
Slew-rate tracking 0.1 Vius

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ Total unadjusted error includes offset, full-scale, and linearity errors.
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PARAMETER MEASUREMENT INFORMATION

cs SF 50% / \
I
RD I 5'(50% 50% 7( 50% *\-_-

| — tane—>]
WR/RDY _EM— With External Pullup
— |<-J|~ td(RDY) —»: le tamm
INT : 50% | ¥ oom
=‘— teonv(n);:; =
D0-p7 —=—=—=— I A 10% | 0%

Figure 1. Read-Mode Waveforms (MODE Low)

s\ /N [T s [\ /T

tw(w) —:‘—b‘ tw(w)
WR/RDY 50% ¥ 50% 50% / — Y
RIRDY 4 _J R/RDY Mso% -Ik___
] | Skso% H 50% RD I R I 50%
td(RlL)—J' :'— : r—td(wn)—:—J‘ — r——- td(RIH)
INT | 'lskso% 'l;lfso% INT : 50%’1; ' '%50%
| | |
td(ny L e —td(int) —* : |
o 90% Fw_l_l., 90%
D0-D7 #I 5 | et D0-D7 I . tT.%
le— ! |
RN e tgie taR) — M= b tgs
Figure 2. Write-Read-Mode Waveforms Figure 3. Write-Read-Mode Waveforms
[MODE High and tqwg) < td(int)l [MODE High and tqwR) > td(int)]
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PARAMETER MEASUREMENT INFORMATION

CS Low
RD Low
W) =
WRRDY  sow Y A so% son__/
‘ , | |
T[T e tacy
NT | # 50% 50%
|
e td(nt) —¥
—» & ta(NT)
DO-D7 90%Z bata Valid >-—
10%

Figure 4. Write-Read-Mode Waveforms
(Stand-Alone Operation, MODE High, and RD Low)
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Figure 5. Test Circuit and Voltage Waveforms
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TLC0820AC, TLCO0820AI
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED FLASH TECHNIQUES
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PRINCIPLES OF OPERATION

The TLC0820AC and TLC0820A! 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 Vgg + 0.1 V. Analog input signals that are
less than V,gs_+ 1/2 LSB or greater than Vyet,. — 1/2 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 Vygf,. and Vyei— voitages.

The device operates in two modes, read (only) and write-read, that are selected by MODE. The converter is set to
the read (only) mode when MODE is low. In the read mode, WR/RDY is used as an output and is referred to as the
ready terminal. In this mode, a low on WR/RDY while CS is low indicates that the device is busy. Conversion starts
on the falling edge of RD and is completed no more than 2.5 us later when INT falls and WR/RDY returns to the
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.

When MODE is high, the converter is set to the write-read mode and WR/RDY is referred to as the write terminal.
Taking CS and WR/RDY low selects the converter and initiates measurement of the input signal. Approximately
600 ns after WR/RDY 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
3-state output buffers on the falling edge of RD.
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APPLICATION INFORMATION

12106 I L1
17 - -
D7
0.1 uF
18 OFLW GND _1_0_{

Figure 6. Configuration for 9-Bit Resolution
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TLC0831AC, TLC0831Al, TLC0831BC, TLC0831BlI
TLCO0832AC, TLC0832Al, TLC0832BC, TLC0832BI
8-BIT ANALOG-TO-DIGITAL CONVERTERS WITH SERIAL CONTROL

SLAS107 — JANUARY 1995

o 8-Bit Resolution

TLCO0831...D OR P PACKAGE
® Easy Microprocessor Interface or (TOP VIEW)
Stand-Alone Operation U
e Operates Ratlometrically or With 5-V csfir = sflVec
Reference :'::E z ; % g'C-’K
¢ Single Channel or Multiplexed Twin aND ] 4 5[] REF
Channels With Single-Ended or Differential
Input Options
® Input Range 0 to 5 V With Single 5-V Supply TLCo832 '(:rb[”,?,:gv;’ ACKAGE
® |nputs and Outputs Are Compatible With :
TTL and MOS st © shveorer
® Conversion Time of 32 us at CHo[] 2 7[] CLK
felock = 250 kHz CH1[]s e[l DO
® Designed to Be interchangeable With GND ] 4 sfjoi
National Semiconductor ADC0831 and

ADC0832
DEVICE |TOTAL UNADJUSTED ERROR
A-SUFFIX B-SUFFIX
TLCO831 +1LSB +1/2LSB
TLC0832 +1LSB +1/2LSB
description .

These devices are 8-bit successive-approximation analog-to-digital converters. The TLC0831 has single input
channels; the TLC0832 has 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 TLC0832 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 TLC0831 and TLC0832 devices is very similar to the more complex TLC0834 and TLC0838
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 Vgg (done
internally on the TLC0832). For more detail on the operation of the TLC0831 and TLC0832 devices, refer to the
TLC0834/TLC0838 data sheet.

The TLCO831AC, TLC0831BC, TLC0832AC, and TLC0832BC are characterized for operation from 0°C
to 70°C. The TLC0831Al, TLC0831BI, TLC0832Al, and TLC0832BI are characterized for operation from —40°C
to 85°C.

- AVAILABLE OPTIONS
PACKAGE
TA SMALL OUTLINE PLASTIC DIP
(D) (P)

0°C to 70°C TLCO831ACP TLCO0832ACP TLCO0831ACP TLCO0832ACP
TLCO0831BCP TLC0832BCP TLCO0831BCP TLC0832BCP

_40°C to 85°C TLCO831AIP TLCO0832AIP TLCO831AIP TLCO832AIP

TLCO831BIP TLCO0832BIP TLCO831BIP TLCO832BIP

Pnooucr PREWEw Iniomuﬂon concerns products In the formative or Copyright © 1995, Texas Instruments Incorporated
fons ared hswmmn::mmumngmto
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TLCO0831AC, TLC0831Al, TLC0831BC, TLC0831BlI
TLCO0832AC, TLC0832Al, TLC0832BC, TLC0832BI

8-BIT ANALOG-TO-DIGITAL CONVERTERS WITH SERIAL CONTROL

SLAS107 — JANUARY 1995

functional block diagram

7

CLK —\
s - >
Shift Register
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<

Start j ’

> Flip-Flop
>CLK

I

(TLCO0832
only) ‘r——l-g b— > CLK

L

. Start

To Internal
—¥ Circuits '
[ SGL/DIF p oLk
=D as= o s
CHO/IN+ Analog Comparator Time R
CH1/IN- MUX
REE 5 L:crl‘:er
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‘V TEXAS
e INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLCO0831AC, TLC0831Al, TLC0831BC, TLC0831BlI
TLCO0832AC, TLC0832Al, TLC0832BC, TLC0832BlI
8-BIT ANALOG-TO-DIGITAL CONVERTERS WITH SERIAL CONTROL

SLAS107 — JANUARY 1995

sequence of operation

TLCO0831

mwwmm

| || [
tsu %) fL | )
[l A
(13 Pl I
L1l | n
| | l&—————— MSB-FirstData —H
MUX
Settling Time e
HI-Z e
po MSB LSB
7 6 5 4 3 2 1 ‘0
TLC0832
1 2 3 4 14 oee

|
":l"tsu r
=1

tconv

Jin

HI-Z

I
|
!
|
L
Start +Sign Bit I
|

[ E—. |

MMJ’LFLH_I'LFU'L

Bit SGL oDD L.
(-n_cogag J_ | | /// Don’t Care ////
only)
DIF EVEN : |
MU | [¢—— MSB-First Data — LSB-First Data |
-
Settling Time | Hi-Z
DO —_— MSB LSB MSB r_
7 6 o ¢ 2 1 0 1 2 ‘ ‘ ° 6 7
TLC0832 MUX-ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS CHANNEL NUMBER

SGL/DIF ODD/EVEN 0 1
L L + -
L H - +
H L + 2
H H +

H = high level, L = low level,
- or + = polarity of selected input
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TLC0831AC, TLC0831Al, TLC0831BC, TLC0831BI
TLC0832AC, TLC0832Al, TLC0832BC, TLC0832BlI
8-BIT ANALOG-TO-DIGITAL CONVERTERS WITH SERIAL CONTROL
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absolute maximum ratings over recommended operating free-air temperature range (unless
otherwise noted)?

Supply voltage, Vo (seeNote 1) ...........co....t. e 6.5V
Input voltage range, Vi: LOGIC .....oeoiiiii it -03VtoVgg+03V
Analog ........... e -03VtoVgo +0.3V

T o1 =T | +5mA
Total INPUE CUIT BNt .. e i e +20 mA
Operating free-air temperature range, Ta: Csuffix ..ot 0°C to 70°C
PSUFfiX oo e -40°C to 85°C

Storage temperature range, Tstg - -« e evvneensserrmiminnieiii -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ..................... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, VoG 45 5 6.3 \
High-level input voltage, V|H ) 2 \
Low-level input voltage, V| 0.8 \
Clock frequency, felock 10 600 | kHz
Clock duty cycle (see Note 2) v 40% 60%
Pulse duration, CS high, twH(CS) 220 ns
Setup time, CS low or TLC0832 data valid before CLKT, tgy, 350 ns
Hold time, TLC0832 data valid after CLKT, tn, : : 90 ns

C suffix 0 70
Operating free-air temperature, To T oufin v Y3 °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.
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electrical characteristics over recommended range of operating free-air temperature, Voc =5 V,

fclock = 1 MHz (unless otherwise noted)

digital section
PARAMETER TEST CONDITIONST C SUFFIX | SUFPIX UNIT
MIN TYPF MAX | MIN TYPF MAX
VoH High-level output voltage zgg j :;2 z: :g: ; _?20":A : 4212 i: Vv
VoL Low-level output voltage Voc=475V, loL=16mA 0.34 04 Vv
IIH High-level input current VIH=5V 0.005 1 0.005 1 pA
T8 Low-level input current ViL=0 -0.005 -1 -0.005 -1 pA
OH  tare) sront. VoH=VO,  TA=25% -65 -14 -85 -14 mA
loL Low-level output (sink) current | VoL = VoG, TA =25°C 8 16 8 16 mA
oz High-impedance-stateoutput | VO =5V, TA =25°C 0.01 3 0.01 3 WA -
current (DO) Vo =0, Ta = 25°C -0.01 -3 -0.01 -3
Gj Input capacitance 5 5 pF
Co Output capacitance 5 5 pF
T Al parameters are measured under open-loop conditions with zero common-mode input voltage.
¥ All typical values are at VoG = 5V, T = 25°C.
analog and converter section
PARAMETER TEST CONDITIONST MIN TYPf MAX | UNIT
-0.05
VICR Common-mode input voltage See Note 3 to \
Vcogo+0.05
On channel V=5V 1
liistdby) Standby-input current (see Note 4) Off channel Vi=0 il pA
On channel Vi=0 -1
Off channel Vi=56V 1
f(REF)  Input resistance to REF 1.3 2.4 5.9 kQ

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

¥ All typical values are at Vg =5 V, T = 25°C.
NOTES: 3. Ifchannel IN~is more positive than channel IN+, the digital output code will be 0000 0000. Connected to each analog input are two
on-chip diodes that conduct forward current for analog input voltages one diode drop above Vg .Care must be taken during testing
atlow VoG 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 0 to 5-V input voltage range requires a minimum
Ve of 4.95 V for all variations of temperature and load.
4. Standby-input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion
and the clock is in a high or low steady-state conditions.

total device
PARAMETER MIN TYPE MAX | UNIT
TLC0831 1 25
Icc Supply current TLo0832 3 52 mA

¥ All typical values are at VGG =5 V, T = 25°C.
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operating characteristics Voo = Vyef =5V, folock =1 MHzZ, t =t = 20ns, Ta =25°C (unless otherwise

noted)
k Al, AC SUFFIX Bl, BC SUFFIX
PARAMETER - UNIT
. : TEST CONDITIONSY MIN TYP MAX| MIN TYP MAX
Supply-voltage variation error Voc=475Vt05.25V +1/16  +1/4 +1/16 +1/4| LSB
Vref=5V,
Total unadjusted error (see Note 5) Ta = MIN to MAX +1 +1/2| LSB
Common-mode error Differential mode +1/16  +1/4 +1/16 +1/4| LSB
Propagation delay time, | MSB-firstdata 650 1500 650 1500
tpd output data after CLKT CL =100 pF ns
(see Note 6) LSB-first data 250 600 250 600
tai Outout disable time. DO after T5T CL=10pF, R =10kQ 125 250 126 250 ns
s Cuilput disable fime, O after CL=100pF, R_=2kQ 500 500
Conversion time (multiplexer-addressing 8 8 clock
teonv  fime 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 MSB-first data is output directly from the comparator and therefore requires additional delay to allow for comparator response

time. LBS-first data applies only to TLC0832.
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PARAMETER MEASUREMENT INFORMATION

I
—P= :4— tsu —»l P‘— tsu Vee
e _}__ b — veo CLK 50%
= I I —— GND
0av ) . el tp
I

GND | /——— VoH
Id— th Do 50%
|
|

-7 v,
2V oV Vee oL
ol \ |
04V __04V__ GND Figure 2. Data-Output Timing

Figure 1. TLC0832 Data-Input Timing

Vee

Test S1 l
Point
From Output RL
Under Test )
CL S2
I (see Note A) }_
LOAD CIRCUIT
—’: Il‘— tr _.I H—' tf
Vee Vee
Ccs 50%1 90% cs 50% |7 90%
10% ———— aND 0% —— &aND
j—>— tgis H—b}— tdis
———— Vec v,
S1open Do S1 open cC
DO 55 closed Output S2 closed 10%
Output ————————= GND tp —=—=—GND
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

NOTE A: Cy_includes probe and jig capacitance.
Figure 3. Output Disable Time Test Circuit and Voltage Waveforms

*F TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-69

PRODUCT PREVIEW



M3IATHd 10NA0Yd

TLCO0831AC, TLC0831Al, TLC0831BC, TLC0831BI
TLC0832AC, TLC0832Al, TLC0832BC, TLC0832BI
8-BIT ANALOG-TO-DIGITAL CONVERTERS WITH SERIAL CONTROL

SLAS107 - JANUARY 1995

TYPICAL CHARACTERISTICS
UNADJUSTED OFFSET ERROR LINEARITY ERROR
vs Vs
REFERENCE VOLTAGE REFERENCE VOLTAGE
16 T T TTTT ‘ 1.5 r
- Vie =V|-=0V Vee=5V
14 felock = 1 MHz
o ’ 125 | TA=25°C
@ \
—" 12 \
- o
1.0
E 1 3
3 5
5 8 E 075
2
i :
5 \ £ 05
g -
5 4 N
2 0.25
N
h.J“
0 0
0.01 0.1 1.0 10 -0 1 2 3 4 5
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Figure 4 Figure 5
LINEARITY ERROR LINEARITY ERROR
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9 04 ]
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TYPICAL CHARACTERISTICS
TLCO0831 TLCO0831
SUPPLY CURRENT SUPPLY CURRENT
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o 8-Bit Resolution TLCO0834. .. D OR N PACKAGE

® Easy Microprocessor Interface or Stand- (TOP VIEW)
Alone Operation NG U v

® Operates Ratiometrically or With 5-V @E 1o % ch
Reference 2 13

. . CHOo[]s  12[J CLK

® 4- or 8-Channel Multiplexer Options With cH1[] 4 11[] SARS
Address Logic cH2(] 5 10f] DO

® Input Range 0 to 5 V With Single 5-V Supply CH3[| 6 of] REF

® Remote Operation With Serial Data Link DGTL GND[| 7 8[] ANLG GND

® |nputs and Outputs Are Compatible With
TTL and MOS

® Conversion Time of 32 us at fg g = 250 kHz

TLCO0838 ... DW OR N PACKAGE
(TOP VIEW)

PRODUCT PREVIEW

® Functionally Equivalent to the ADC0834 CHo [} Veo
and ADC0838 Without the Internal Zener CH1 ] NC
Regulator Network CH2 ] 18[] CS
TOTAL UNADJUSTED ERROR CHal 17l Dl
DEVICE CH4 ] CLK
A-SUFFIX B-SUFFIX CH5 [ SARS
TLCO0834 +1LSB +1/2LSB CH6 [ DO
TLC0838 +1LSB +£1/2LSB CH7 SE
description com[ o REF
P DGTL GND ANLG GND
These devices are 8-bit successive-
approximation analog-to-digital converters, each TLCO0838.. .. FN PACKAGE
with an input-configurable  multichannel (TOP VIEW)
multiplexer and serial input/output. The serial Nz 8 o
input/output is configured to interface with COooOo>2Z
standard shift registers or microprocessors. Ls-";"r"éa"rg'
Detailed information on interfacing with most CH3 [] 4 18[] CS
popular microprocessors is readily available from CH4 15 17[] DI
the factory. CH5 []6 16[] CLK
CHe [17 15[] SARS
CH7 [] 8 14[] DO
9 10 1112 13
o | o o o | o |
2SSl
s MONO]
2o
=3
2z
AVAILABLE OPTIONS
PACKAGE
TA SMALL OUTLINE | SMALL OUTLINE PLASTIC DIP CHIP CARRIER
(D) (OW) (N) (FN)
0°C t0 70°C TLCO834ACD TLCO838ACDW | TLCO834ACN TLCO838ACN | TLCO838ACFN
TLC0834BCD TLC0838BCDW | TLC0834BCN TLC0838BCN | TLCO0838BCFN
—40°C 1o 85°C TLCO834AID TLCO838AIDW | TLCO834AIN TLCO838AIN | TLCO838AIFN
TLC0834BID TLCO838BIDW | TLC0834BIN TLCO0838BIN | TLCO0838BIFN
momm PI:.EVIE'W Information eonazu wodwue? lw i:n“um ’ Copyright © 1995, Texas Instruments Incorporated
are n goals. Texas instruments reserves the right to
or discontinue products without notice.
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TLCO0838AC, TLC0838AI, TLC0838BC, TLC0838BI
8-BIT ANALOG-TO-DIGITAL CONVERTERS WITH SERIAL CONTROL
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description (continued)

The TLC0834 (4-channel) and TLC0838 (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.

The TLC0834AC, TLC0834BC and TLC0838AC, TLC0838BC are characterized for operation from 0°C to 70°C.
The TLCO0834Al, TLC0834BI, and TLC0838Al, TLC0838BI are characterized for operation from —40°C to 85°C.

functional description

The TLC0834 and TLC0838 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 SE, an analog
common input, and multiplexer addressing. The input voltage to be converted is applied to a channel terminal
and is compared to ground (single ended), to an adjacent input (differential), or to a common terminal (pseudo
differential) that can be an arbitrary voltage. The input terminals are assigned a positive (+) or negative (-)
polarity. If the signal input applied to the assigned positive terminal is less than the signal on the negative
terminal, the converter output is all zeros.

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

A particular input configuration is assigned during the multiplexer-addressing sequence. The multiplexer
address is shifted into the converter through the data input (DI) line. The multiplexer address selects the analog
inputs to be enabled and determines whether the input is single ended or differential. When the input is
differential, the polarity of the channel input is assigned. Differential inputs are assigned to adjacent channel
pairs . For example, channel 0 and channel 1 may be selected as a differential pair. These channels cannot act
differentially with any other channel. In addition to selecting the differential mode, the polarity may also be
selected. Either channel of the channel pair may be designated as the negative or positive input.

The common input on the TLC0838 can be used for a pseudo-differential input. In this mode, the voltage on the
common input is considered to be the negative differential input for all channel inputs. This voltage can be any
reference potential common to all channel inputs. Each channel input can then be selected as the positive
differential input. This feature is useful when all analog circuits are biased to a potential other than ground.

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

An interval of one clock period is automatically inserted to allow the selected multiplexed channel to settle. 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 DO, with the most significant
bit (MSB) first. After eight clock periods, the conversion is complete and SARS goes low.
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functional description (continued)

The TLC0834 outputs the least-significant-bit (LSB) first data after the MSB-first data stream. If SE is held high
on the TLCO0838, the value of the LSB remains on the data line. When SE is forced low, the data is then clocked
out as LSB-first data. (To output LSB first, SE must first go low, then the data stored in the 9-bit shift register
outputs LSB first.) When CS goes high, all internal registers are cleared. At this time, the output circuits go to
the high-impedance state. If another conversion is desired, CS must make a high-to-low transition followed by

address information.

Dl and DO can be tied together and controlled by a bidirectional processor I/O bit received on a single wire. This
is possible because DI is only examined during the multiplexer-addressing interval and DO is still in the

high-impedance state.

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

sequence of operation

TLC0834

IU_UUULHILI'LH_HJ—L

| N
i “ g |
~1 | | y N
s et 4 : < 4= .
A, | |
| +Sign
I Start Bit | SELECT| [ !
Bit SGL ODD _ Bit | |
DI ' / //////// // Don’ tCare////
g1/
DIF EVEN 1 ’ : ) | ,
sARs -2 ' o '
| | I
g | 4§ }
MUX Settling Time —p|  {¢— |
|
in—-— MSB-First Data —ﬂ , LSB-First Data ”
poHH2 MSB H LsB s MSB H2
° L $ $ [
7 6 2 1 0o 1 2 7
TLC0834 MUX-ADDRESS CONTROL LOGIC TABLE
MUX ADDRESS CHANNEL NUMBER
SGL/DIF ODD/EVEN | SELECTBIT1 | 0 1 2 3
L L L + -
L L H + -
L H L - 4
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
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sequence of operation

TLC0838

1 2 3 4 5 6 7 8 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
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|
|
|
|
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________ L R
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= | | [
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HI-Z | '—I-—l-ﬁ',, HI-Z
00 — dfwse] [ ] fesef | [ | | [ ] [wes —
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|
________ _1_'__._.._._......_______._..______.___.._._.___.___.._.__
| | SE Used to Control LSB-First Data
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s, ¥
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TLC0838 MUX-ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS SELECTED CHANNEL NUMBER
| SELECT [ 1 2 3 | cCoOM
SGLDIF | ODDEVEN —— R R
L L L L -
L L L H + -
L L H L v -
L L H H + -
L H L L[| - +
L H L H - +
L H H L - 4
L H H H - 4
H L L L | «+ -
H L L H + -
H L H L + -
H L H H + -
H H L L + , -
H H L H + -
H H H L + -
H H H H . _

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

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

Supply voltage, Voo (SEE NOtE 1) ...ttt e ittt et aeees 6.5V

Input voltage range: LOQIC ........ccoiniiiiiiiiiiiiiii ittt -03VtoVgc+03V
ANAlOg ..t e e ~-0.3VitoVgc+ 03V

INPUL CUITENE, I oo i e e e e +5mA
Total INPUL CUMTENE ..o i i e et et e i i a e +20 mA
Operating free-air temperature range, Ta: Csuffix ........cooviiiiiiiiiiiiiiiiiniin, 0°C to 70°C
Psuffix ooovvevniniiiiiiiiiiiinn e ~40°C to 85°C

Storage temperature range, Tstg « ... oevvvviiiiiiii ~65°C to 150°C
Case temperature for 10 seconds, To: FNpackage ..........cciciviiiniineniinrneneninen., 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Npackage ..................... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

MIN NOM MAX | UNIT
Supply voltage, Voc 45 5 6.3 \
High-level input voltage, V|4 2 \"
Low-level input voltage, V) 0.8 v
Clock frequency, felock 10 600 | kHz
Clock duty cycle (see Note 2) 40% 60%
Pulse duration, CS high, twH(CS) 220 ns
Setup time, tgy | CS low, SE low, or data valid before clockT 350 ns
Hold time, data valid after clockT, th 90 ns
Operating free-air temperature, Ta C sufix 9 70 °C
| suffix -40 85

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, Vcc =5V,

fciock = 250 kHz (unless otherwise noted)

digital section

PARAMETER TEST CONDITIONST C SUFFIX I SUPFIX UNIT
MIN TYPF MAX| MIN TYPE MAX
VoH  High-level output voltage Voo=4.75V, lop=-360pA | 28 24 v
Voc=4.75V, lopg=—-10pA 4.6 4.5
VoL Low-level output voltage Vecc=525V, loH=1.6mA 0.34 0.4 v
IH High-level input current VIH=5V 0.005 1 0.005 1 pA
1T Low-level input current ViL=0 -0.005 -1 -0.005 -1 pA
loH  High-level output (source) current | Voq =0, TA =25°C -6.5 -14 -6.5 -14 mA
loL  Low-level output (sink) current VoL=Vgce, Ta=25°C 8 16 8 16 ‘mA
oz High-impedance-state output Vo=5V, Ta=25°C 0.01 3 0.01 3 uA
current (DO or SARS) Vo =0, TA =25°C -0.01 -3 -0.01 -3
Gi Input capacitance 5 pF
Co Output capacitance 5 pF
T All parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified).
¥ All typical values are at VoG = 5 V, Ta = 25°C.
i
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analog and converter section

PARAMETER TEST CONDITIONST MIN TYP¥ MAX | UNIT
-0.05
VICR Common-mode input voltage See Note 3 to \
Vcg+0.05
On channel Vi=5V 1
liistdoy) Standby-input current (see Note 4) g: Z:::::: x: : g :: pA
Off channel V=5V 1
N(REF)  Input resistance to REF 1.3 24 591 kQ
total device
PARAMETER MIN TYP¥ MAX| UNIT
lcc  Supply current - 1 251 mA

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

% All typical values are at Vo = 5 V, 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 conduct forward current for analog input voltages one diode drop above VG .Care must be taken during
testing atlow Vg 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 0to 5-V input voltage range requires a minimum
Ve of 4.950 V for all variations of temperature and load.

4. Standby-input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion
and the clock is in a high or low steady-state condition.
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TLCO0834AC, TLCO0834Al, TLC0834BC, TLC0834BI
TLC0838AC TLCOS38AI TLC083SBC TLC0838BI
8-BIT ANALOG-TO DIGITAL CONVERTERS WITH SERIAL CONTROL

SLAS094 - MARCH 1995

operg;mg characteristics, Vog =5 V, felock = 250 kHz, t, = t; = 20 ns, Tp = 25°C (unless otherwise
note

TEST Al, AC SUFFIX Bl, BC SUFFIX
PARAMETER UNIT
CONDITIONST MIN TYP MAX| MIN TYP MAX
Supply-voltage variation error Vocc=4.75Vt05.25V +1/16  +1/4 +1/16  +1/4| LSB
. Vref=5V,
Total unadjusted error (see Note 5) Ta = MIN fo MAX +1 +1/2| LSB
Common-mode error Differential mode +1/116  +1/4 +1/16 +1/4| LSB
X Propagation de]ay time, output MSB-first data B 1500 1500
tpd data after CLK{ (see Note 6) | LSB-first data G = 100pF 600 600 ns
g'[ - }g EsFi . 250 250
tdis  Output disable time, DO or SARS after CST ns
CL = 100 pF, 500 500
RL=2kQ
Conversion time (multiplexer-addressing 8 8 clock
teonv  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 muitiplexer errors.
6. The MSB-first data is output directly from the comparator and therefore requires additional delay to allow for comparator response
time.

PARAMETER MEASUREMENT INFORMATION

————— Vee
CLK 50% 50%
| | GND
—‘"} ‘h— tsu —’: |h— tsu

s s ettt o= vee

(3 | :

|

04V i : GND

Vee
DI

GND

Figure 1. Data-Input Timing
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PARAMETER MEASUREMENT INFORMATION

CLK |
|
k—-ﬂ—l tpd tpd __.| :‘_
r =+ vee
Do * 50% X so%
< —~/ - anp
tsy —¥ le—
L vee
_ 50%
SE GND
Figure 2. Data-Output Timing
Vee
From Output
Under Test
CL S2
(see Note A)
LOAD CIRCUIT
—» et —» |l t
| Vee _ |
cs 50%F 90% cs 50% £ 90%
L10% ___ _ anp 0%
n——;ll— tais v ﬂ—b:—— tdis
———— Vce
90% S1 open
DOand SARS gp ohon | DOandSARS  pclosed 1 700,
————————— GND —_—=—
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

NOTE A: C_includes probe and jig capacitance.

Figure 3. Output Disable Time Test Circuit and Voltage Waveforms
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TLCO0834AC, TLC0834Al, TLC0834BC, TLC0834BI
TLCO838AC, TLC0838Al, TLC0838BC, TLC0838BI
8-BIT ANALOG-TO-DIGITAL CONVERTERS WITH SERIAL CONTROL
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Unadjusted Offset Error —LSB

TYPICAL CHARACTERISTICS
UNADJUSTED OFFSET ERROR LINEARITY ERROR
vs vs
REFERENCE VOLTAGE REFERENCE VOLTAGE
16 T T TTTTT 1.5 T
~ Vi) =Vi9 =0V Vec=5V
14 fclock = 250 kHz
\ 1.25 | Ta=25°C
12
\ 2 1
10 _ll
s
8 S 07
2
6 T
\ 2 0.5
-
* N
2 0.25
\~..~I
0 0
0.01 0.1 1 10 0 1 2 3 4 5
Vref ~ Reference Voltage — V Vref — Reference Voltage ~ V
Figure 4 Figure 5
LINEARITY ERROR LINEARITY ERROR
vs vs
FREE-AIR TEMPERATURE CLOCK FREQUENCY
0.5 "
| | 8 Vief=5V
Vret=5V Veg=5V

felock = 250 kHz

0.45 \ 25 /

-]
@ N\ g 2
? 04 i
. N g 15
5 \ E o : ° /
4w 035 2 8s°C /
2
§ \ g
3 25°C
£ NG - /
0.3 AN -40°C /
N 05
0.25 0
~50 -25 0 25 50 75 100 0 100 200 300 400 500 600
TA — Free-Air Tempertature - °C fclock — Clock Frequency ~ kHz
Figure 6 : Figure 7
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TYPICAL CHARACTERISTICS ;
SUPPLY CURRENT SUPPLY CURRENT
vs vs
FREE-AIR TEMPERATURE CLOCK FREQUENCY
1.5 r T 1.5 T
fclock = 250 kHz Veg=5V
\ CS = High TA = 25°C
'é Vec=55V ‘é
A U
3 N\ _Voc=5Vv 3 _—
> Y
) -
] N i 05
o Vec=45V o
° °
\\_
0.5 0
-50 -25 0 25 50 75 100 0 100 200 300 400 500
TA ~ Free-Air Temperature — °C felock — Clock Frequency — kHz
Figure 8 Figure 9
OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE
25 T
Vee=5V
20
\
s ~~ 'oL(VoL=5V)
£ g B
g
= [~
3 -loH(VoH=0V) |0
E 1 L
o —~—1__-loH(VoH=24V)
° — [ ——
5
| [ ——
loL (VoL =0.4V) I
-50 -25 0 25 50 75 100
TA - Free-Air Temperature - °C
Figure 10
b EXAS
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TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS073A - DECEMBER 1985 — REVISED MARCH 1995

10-Bit Resolution A/D Converter

DW OR N PACKAGE
® Microprocessor Peripheral or Stand-Alone (TOP VIEW)
Operation INPUT AQ || ]V
® On- -Ch Anal Itiplexer 1 20g Voo
On- Chip 12-Channel og Multiplexe INPUT A1 ] 2 -ofl SYSTEM cLOCK
o Built-In Self-Test Mode iNPUT A2(] 5 180l vo cLock
e Software-Controllable Sample and Hold INPUT A3 ] 4 17]] ADDRESS INPUT
® Total Unadjusted Error INPUT A4 (] 5 16[] DATA OUT
TLC1540: +0.5 LSB Max INPUT A5(] 6 15[] CS
TLC1541: +1 LSB Max INPUT A6 [} 7 14]] REF +
® Pinout and Control Signals Compatible INPUTA7[l8  13]] REF-
With TLC540 and TLC549 Families of 8-Bit INPUT A8 [} o ] INPUT A10
A/D Converters GNDJ10  11[]INPUT A9
® CMOS Technology
FN PACKAGE
PARAMETER VALUE (TOP VIEW)
Channel Acquisition Sample Time 5.5us X
Conversion Time (Max) 21 ps 8
Samples Per Second (Max) 32x 103 3
Power Dissipation (Max) 6 mW c<\| b, 2 =
ipti 555 5
description 222 Q0
ZZ2Z=>w

The TLC1540 and TLC1541 are CMOS A/D

converters built around a 10-bit, switched- 3 2 12019

capacitor,  successive-approximation  A/D INPUT A3 {] 4 18[] /O CLOCK
converter. They are designed for serial interface INPUT A4 1] 5 17[] ADDRESS INPUT
to a microprocessor or peripheral via a 3-state INPUT AS ] 6 16[] DATA OUT
output with up to four control inputs [including INPUT A6 {] 7 15[] CS
independent SYSTEM GLOCK, I/O CLOCK, chip INPUTA7 T8 o0 1o 1;;4[ REF +
select (CS), and ADDRESS INPUT]. A 2.1-MHz ¥ | e i |

system clock for the TLC1540 and TLC1541, with 2 9 2o

a design that includes simultaneous read/write 5585 "_’1 o

operation, allows high-speed data transfers and T 2

sample rates of up to 32,258 samples per second. £ = Z

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.
AVAILABLE OPTIONS
PACKAGE
PLASTIC CHIP PLASTIC
T,

A P"A(s;f) DIP 1 CARRIER DIP

(FN) (N)
0°Cto70°c | TLC1540CDW | TLG1540CFN TLC1540CN
TLC1541CDW | TLC1541CFN TLC1541CN

ublication date. Copyright © 1995, Texas Instruments Incorporated

PRODUCTION DATA Information Is current as of
Products conform to specifications per the terms of oxaumrmh
o

standard warranty. p g does not
testing of all parameters.
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TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS073A - DECEMBER 1985 — REVISED MARCH 1995

description (continued)

The converters incorporated in the TLC1540 and TLC1541 feature differential high-impedance reference inputs
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises. A totally
switched-capacitor design allows low-error conversion (0.5 LSB for the TLC1540, +£1 LSB for the TLC1541)
in 21 us over the full operating temperature range.

The TLC1540 and the TLC1541 are available in DW, FN, and N packages. The C-suffix versions are
characterized for operation from 0°C to 70°C.

functional block diagram

REF+ REF-
14 13
-~
A
2 > 10-Bit <
a7 p—| Saripleand Switched-Capacitors
& | o ] Analog-to-Digital
5 | Converter
ANALOG J 6 1 12-Channel 10
INPUTS | I Analog d 1
8 | Multiplexer
9 | Output 10 10-to-1 Data
1] Data > Selectorand |18 DATA
12 _ 4 linput Address Register Driver
- Register v 1
~ ' 3 [y
7 4y
4 1 Logl
Self-Test > o
Reference Counters
ADDRESS _17 - Input 2,
INPUT v Multiplexer v
A a 9
110 cLock 18 >
'c—s 15 > a
SYSTEM _18 >
CLOCK
typical equivalent inputs
INPUT CIRCUIT IMPEDANCE DURING SAMPLING MODE INPUT CIRCUIT IMPEDANCE DURING HOLD MODE
INPUT 1k TYP INPUT
- A0-A10
A0-A10 ] Ci =60 pF TYP SMQTYP
(equivalent input
capacitance)
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TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS073A - DECEMBER 1985 — REVISED MARCH 1995

operating sequence

|1|2|3l4|5|6|7|8|9|10 |1|2|3|4|5|6|7|8|9|10

et (UL Cs =, MU U

Access l¢ Sample »l Access < Sample »
Cycle B _‘I | cyclg B 4— tconv _‘ H' Cycle C ": | Cyclg c 1

See Note A

|
| —-—%__l I
cs-l-‘ : See Note C “ } I_
:‘— twH(CS) —ﬂ |
ADDRESS —j @@ B0 Don't Care " !1 o L:: Don’t Care
INPUT
HI-Z
HI-Z State State
o8 < EEEEEEEEE0 ?—k:“ mwwwo
44— Previous Conversion DataA ————p A ion Data B
MSB LSB MSB MSB LSB MSB
(see Note B)

NOTES: A. The conversion cycle, which requires 44 system clock periods, initiates on the tenth falling edge of the I/O clock after CS goes low
for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O clock must remain low for
at least 44 system clock cycles to allow the conversion to complete.

B. Themostsignificantbit (MSB) is automatically placed on the DATA OUT bus after CS is brought low. The remaining nine bits (A8—A0)
clock out on the first nine 1/O clock falling edges.

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

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

Supply voltage, Voo (SEENOte 1) .. i e 6.5V
Input voltage range, Vi (@ny input) ...t -03VtoVgc+0.3V
Output voltage range, Vo o .cvveei ittt i -03VtoVgc +0.3V
Peak input current (@ny iNPUL) ...ttt +10mA
Peak total input current (all INPULS) ... .ot e +30 mA
Operating free-air temperature range, Ta: TLC1540C, TLC1541C ... ....ooviviiiinnnenn, 0°C to 70°C
Storage temperature range, Tatg « - -« .- v veerrrrnnners it -65°C to 160°C
Case temperature for 10 seconds, Tg: FNpackage .........cocvuiiiiiiiiinnnnenennennrnnens 260°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: DW or N package ........... 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to digital ground with REF - and GND wired together (unless otherwise noted).
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TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS073A - DECEMBER 1985 — REVISED MARCH 1995

recommended operating conditions

MIN NOM  MAX UNIT
Supply voltage, VGG 4.75 5 55 \"
Positive reference voltage, Vyef + (see Note 2) 25 Vcc Vego+0.1 \"
Negative reference voltage, Vief- (see Note 2) -0.1 0 25 \"
Differential reference voltage, Vyef+ — Vref— (s Note 2) 1 Voc Veco+0.2 \
Analog input voltage (see Note 2.)' - 0 \ole} Vv
High-level control input voltage, ViH 2 \
Low-level control input voltage, V| 0.8 \']
Input/output clock frequency, fclock(l/O) 0 1.1 MHz
System clock frequency, fclock(SYS) fclock(l/0) 2.1 MHz
Setup time, address bits before I/0 CLOCKT, tsu(A) 400 ns
Hold time, address bits after /0 CLOCKT, th(A) 0 ns
_ . System
Setup time, CS low before clocking in first address bit, tsy(CS) (see Note 3) 3 clock
cycles
. System
Pulse duration, CS high during conversion, twH(CS) 44 clock
cycles
Pulse duration, SYSTEM CLOCK high, twH(SYS) 210 ns
Pulse duration, SYSTEM CLOCK low, twL(SYS) 190 ns
Pulse duration, /O CLOCK high, twH(1/0) 404 ns
Pulse duration, I/O CLOCK low, tw| (1/0) 404 ns
System felock(SYS) < 1048 kHz 30 ns
Clock transition time (see Note 4) fclock_(_SYS) > 1048 kHz : 20
1o felock(1/0) < 525 kHz 100 ns
felock(1/0) > 525 kHz 40
Operating free-air temperature, Ta - 0 70 °C

NOTES: 2. Analoginputvoltages greater than that applied to REF + convert as all ones (1111111111), while input voltages less than that applied

to REF - convert as all zeros (0000000000). For proper operation, REF + voltage must be at least 1 V higher than REF - voltage.
Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 V.

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

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

“” TEXAS
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TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS

SLAS073A - DECEMBER 1985 — REVISED MARCH 1995

electrical characteristics over recommended operating temperature range, Vog = Vyef,. =4.75V to

5.5 V (unless otherwise noted), fciock(i/0) = 1.1 MHZ, fejock(sYsS) = 2.1 MHz

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VOH High-level output voltage (terminal 16) Voo =475V, IoH = 360 pA 2.4 \"
VoL Low-level output voltage Voo =475V, loL=3.2mA 0.4 \
o Vo = Ve, CSatVcg 10
! High-impedance-state output current —
0z of-imped P Vo=0, TS at Ve 0| ™
i+ High-level input current Vi=Vce 0.005 2.5 pA
L Low-level input current Vi=0 -0.005 -25{ pA
Icc Operating supply current CSatov 12 25| mA
Selected channel at Vo, 04 1
Unselected channel at 0 V ’
Selected channel leakage current pA
Selected channel at0 V, —04 -1
Unselected channel at Voo ’
Icc +lref  Supply and reference current Vref+ = VGG CSatoV 1.3 3] mA
Analog inputs 7 55 ]
(o] Input capacitance 29 '_ P pF
Control inputs 5 15
1 All typical values are at Vo = 5 V and Ta = 25°C.
‘V TEXAS
INSTRUMENTS
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TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
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operating characteristics over recommended operating temperature range, Vo = Vyefs = 4.75V to
5.5 V, felock(/0) = 1-1 MHz, fejock(sYs) = 2.1 MHz

PARAMETER TEST CONDITIONS MIN MAX UNIT
TLC1540 +0.5
E Linearity error See Note 5 LSB
L y TLC1541 1
TLC1540 +0.5
Ezs  Zero-scale error See Notes 2 and 6 LSB -
TLC1541 +1
' TLC1540 +0.5
E Full-scal See Notes 2 and 6 LsSB
ES ull-scale error TCiea1 ee Notes 2 an 1
E ' Total unadjusted erro TLC1540 See Note 7 05 LSB
ul r
T TLC1541 1
0111110100 1000001100
Self-test output code Input A11 address = 1011 (see Note 8) (500) (524)
tconv  Conversion time See Operating Sequence 21 ps
Total access and conversion time See Operating Sequence 31 us
/1O
tacq Channel acquisition time (sample cycle) See Operating Sequence 6 clock
' o cycles
ty Time output data remains valid after I/O CLOCK! 10 ns
t4 Delay time, I/O CLOCK{ to DATA OUT valid 400 ns
ten Output enable time See P ‘ 150 ns
" - ee Parameter
tdis Output disable time Measurement Information 150 ns
tr(bus) Data bus rise time 300 ns
ti(bus) Data bus fall time 300 ns
NOTES: 2. Analoginputvoltages greater than that applied to REF + convert as all ones (1111111111), while input voltages less than that applied
to REF - convert as all zeros (0000000000). For proper operation, REF + voltage must be at least 1 V higher than REF - voltage.
Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 V.
5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
6. Zero-scale error is the difference between 0000000000 and the converted output for zero input voltage; full-scale error is the
difference between 1111111111 and the converted output for full-scale input voltage.
7. Total unadjusted error includes linearity, zero-scale, and full-scale errors.
8. Boththe input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated and
used for test purposes.
‘V TEXAS
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TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH SERIAL CONTROL AND 11 INPUTS
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PARAMETER MEASUREMENT INFORMATION

1.4V Vce
3kQ 3kQ

Output Test Output Test Output Test

Under T';st Point Under Test Point Under Test Point
cL CL 3kQ CL
(see Note A) I (see Note A) I (see Note A) I
See Note B See Note B
LOAD CIRCUIT FOR
td, th AND tf LOAD CIRCUIT FOR LOAD CIRCUIT FOR
tpzH AND tpHz tpzL AND tpL Z

Vee
R -
L
I
l .
SYSTEM l - __|1 L
cLock |
| A
)
|

P

tpz —> e le— tp2
! | | Vee
Output Waveform 1 See Note B | 50% l
(see Note C) : | | 10% ov
tpzH —¥ r— —l :4— tPHZ
Output Waveform 2

| T Vo
(see Note C) 50%
oV

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

/0 CLOCK \ } o
______ 0.4V Output ( 24V
|
|

DATA OUT

NOTES: A.
B.
C.

|
 i— I

VOLTAGE WAVEFORMS FOR RISE AND FALL TIMES

VOLTAGE WAVEFORMS FOR DELAY TIME

Cp =50 pF

ten =tpzH or tpz| and tgis = tpHZ or tp 7.

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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APPLICATION INFORMATION

simplified analog input analysis

Using the equivalent circuit in Figure 1, the time required td charge the analog input capacitance from 0V to .

Vg within 1/2 LSB can be derived as follows:
The capacitance charging voltage is given by

Vg =Vg (1-e ~/RCi)

where
Rt = Rs + ri

The final voltage to 1/2' LSB is given by
V¢ (1/2 LSB) = Vg — (Vg/2048)

Equating equation 1 to equation 2 and solving for time (t;) gives

Vs -(Vg/2048) = Vg (1-671o/RHCi )
and
t; (1/2 LSB) = R; x C; x In(2048)
Therefore, with the values given the time for the analog input signal to settle is
' tc (1/2 LSB) = (R + 1 Q) x 60 pF x In(2048)

This time must be less than the converter sample time shown in the timing diagrams.

[
Driving Sourcet < | > TLC1540/1

|
|
Rg Vi n

Vs Ve
| 1kQMAX
| )
I ;J; 50 pF MAX

V| =Input Voltage at INPUT A0-A10
Vg = External Driving Source Voltage
Rg = Source Resistance

rj = Input Resistance

Cj = Input Capacitance

1 Driving source requirements:
* Noise and distortion for the source must be equivalent to the
resolution of the converter.
o Rg must be real at the input frequency.

Figure 1. Equivalent Input Circuit Including the Driving Source

m

@

©)]

()

(6)

2-92

‘W TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC1540C, TLC1541C
10-BIT ANALOG-TO-DIGITAL CONVERTERS
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PRINCIPLES OF OPERATION

The TLC1540 and TLC1541 are complete data acquisition systems on single chips. Each includes such functions
as sample and hoid, 10-bit A/D converter, data and control registers, and control logic. For flexibility and access
speed, there are four control inputs: chip select (CS), address input, /O clock, and system clock. These control inputs
and a TTL-compatible, 3-state output are intended for serial communications with a microprocessor or
microcomputer. The TLC1540 and TLC1541 can complete conversions in a maximum of 21 ps, while complete
input-conversion-output cycles can be repeated at a maximum of 31 ps.

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 I/O CLOCK. SYSTEM CLOCK will drive the conversion-crunching circuitry so
that the control hardware and software need not be concerned with this task.

When CSis high, DATA OUT is in a 3-state condition and ADDRESS INPUT and I/O CLOCK are disabled. This feature
allows each of these terminals, with the exception of the CS terminal, to share a control logic point with its counterpart
terminals on additional A/D devices when using additional TLC1540/1541 devices. In this way, the above feature
serves to minimize the required control logic terminals 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 SYSTEM CLOCK after a low CS transition before recognizing the
low transition. This technique protects the device against noise when the device is used in a noisy
environment. The MSB of the previous conversion resuit automatically appears on DATA OUT.

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

3. Five clock cycles are then applied to the /0 CLOCK, and the sixth, seventh, eighth, ninth, and tenth
conversion bits shift out on the negative edges of these clock cycles.

4. The final tenth-clock cycle is applied to the I/O CLOCK. The falling edge of this clock cycle completes the
analog sampling process and initiates the hold function. Conversion is then performed during the next 44
system clock cycles. After this final I/O clock cycle, CS must go high or the I/O CLOCK must remain low for
at least 44 system-clock cycles to allow for the conversion function.

CS canbe 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 I/O CLOCK. If glitches occur on I/O CLOCK, the I/O
sequence between the microprocessor/controlier and the device loses synchronization. Also, if CS goes high, it must
remain high until the end of the conversion. Otherwise, a valid falling edge of CS causes a reset condition, which
aborts the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1 through
4 before the 44 system-clock cycles occur. Such action yields the conversion result of the previous conversion and
not the ongoing conversion.
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PRINCIPLES OF OPERATION

It is possible to connect SYSTEM CLOCK and I/0 CLOCK 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. This device requires the first two clocks to recognize that CSis at a valid low level when the common clock
signalis used as an I/O CLOCK. When CS is recognized by the device to be at a high level, the common clock
signal is used for the conversion clock also.

2. AlowCS must be recognized before the I/O CLOCK can shift in an analog channel address. The device
recognizes a CS transition when the SYSTEM CLOCK terminal receives two positive edges and then a
negative edge. For this reason, after a CS negative edge, the first two clock cycles do not shift in the address.
Also, upon shifting in the address, CS must be raised after the tenth valid (12 total) /O CLOCK. Otherwise,
additional common-clock cycles are recognized as I/O CLOCK cycles and 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 accommodates these applications. Although the on-chip sample-and-hold begins sampling upon the
negative edge of the fourth valid I/O CLOCK cycle, the hold function does not initiate until the negative edge of the
eighth valid I/O CLOCK cycle. Thus, the control circuitry can leave the I/0O CLOCK signal in its high state during the
tenth valid I/O CLOCK cycle until the moment at which the analog signal must be converted. The TLC1540/TLC1541
continues sampling the analog input until the eighth valid falling edge of the 1/0O CLOCK. The control circuitry or
software then immediately lowers the I/0O CLOCK signal and holds the analog sig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>