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ORDERING GUIDE

THIS ORDERING GUIDE IS PRESENTED AS A PROCEDURAL GUIDE. FOR A FORMAL STATEMENT OF POLICIES REFER TO THE
TERMS AND CONDITIONS OF SALE FOUND ON THE QUOTATION FORM OR ON THE CUSTOMER ACKNOWLEDGEMENT COPY OF

THE SALES ORDER.

PLACING AN ORDER

When ordering a Datel-Intersil product, the complete model
number, product description, and option description should
be given. Orders may be placed with a Datel-Intersil field
sales representative or with the factory by letter, telephone,
TWX, or TELEX. MINIMUM ORDER IS $50.00, except for
cash or C.O.D. orders where minimum is $30.00.

OUTSIDE THE U.S.A. AND CANADA: Orders should be
placed with a Datel-Intersil Sales Subsidiary (in West Ger-
many, France, the United Kingdom, and Japan) or with a
Datel-Intersil overseas sales representative. Orders re-
ceived directly will be treated the same as if placed through
our overseas sales representative. In countries without a
Datel-ntersil representative, orders should be placed by
TELEX and confirmed by air mail.

FIELD SALES REPRESENTATIVES

Datel-Intersil employs field sales representatives through-

out the United States, Canada, Europe, and the Far East. In

addition, it has direct Sales Offices in Santa Ana, California;

Sunnyvale, California; Gaithersburg, Maryland; and Dallas

and Houston, Texas. Datel-Intersil also has Sales Subsidi-
aries in Munich, West Germany; Paris, France; London,
England; and Tokyo and Osaka, Japan. These sales repre-

sentatives are the only ones authorized by Datel-Intersil to

solicit sales, and any information or data received by

sources other than these authorized representatives or the

Datel-Intersil factory cannot be considered binding.

PRICES

All prices are F.O.B., Mansfield, Massachusetts, U.S.A. in
U.S. dollars. Applicable federal, state, and local taxes are
extra and paid by buyer. Prices are subject to change with-
out notice.

TERMS: Net 30 Days.

DISCOUNTS

Quantity discounts are available when placed in a single
order. OEM discounts are available on an order or contract
basis; consult the factory for details.

QUOTATIONS

Price and delivery quotations made by Datel-Intersil or its
authorized field sales representatives are valid for 30 days
unless otherwise stated.

DELIVERY

Datel-Intersil uses an IBM System 3, Model 12, for efficient
processing of orders. All orders placed with Datel-Intersil
are acknowledged within a few days by an acknowledge-

ment copy of our sales order form. This copy will indicate
pertinent information including a formal statement of terms
and conditions of sale and estimated delivery date. This
date has preference over all other agreed upon dates unless
otherwise specified.

All products are shipped in rugged commercial containers
suitable for insuring safe delivery under normal shipping
conditions. Unless shipping method is specified, the best
available method will be used. UPS, UPS Blue Label, Parcel
Post, and Air Parcel Post are among the methods normally
used. Datel-Intersil recommends insurance on Parcel Post
and Air Parcel Post shipments for tracing purposes. Ship-
ping charges are normally prepaid and billed to the cus-
tomer except for Air Freight charges which are sent collect.
The appropriate data sheet and/or instruction is packed
with each product shipped.

ORDER CANCELLATION

All orders entered with Datel-Intersil are binding and are
subject to a cancellation charge if cancelled before or after
the scheduled shipping date on the acknowledgement copy
of the sales order form. The normal cancellation charge is

20% but may be higher depending on expenses already in-

curred and commitments made by Datel-Intersil.

WARRANTY

Datel-Intersil warrants that its products are free from de-
fects in material and workmanship under normal use and
service for a period of one year from the date of shipment
for monolithic products. Datel-Intersil’s obligations under
this warranty are limited to replacement only. In no case
shall Datel-Intersil’s liability exceed the original purchase
price.

RETURNS

When returning products for any reason, contact the factory
first for return authorization number and shipping instruc-
tions. Items should not be returned air freight collect as
they cannot be accepted. It is absolutely necessary to re-
turn products in the manner stated here otherwise con-
siderable delay will result in processing the return.

RETURNS OUTSIDE THE U.S.A. AND CANADA: Contact
the local sales representative or factory for authorization
and shipping instructions first.

CERTIFICATE OF COMPLIANCE

Datel-Intersil will provide a standard Certificate of Compli-
ance with all shipments when requested by the customer.
This request must be specified on the purchase order.



ABOUT DATEL-INTERSIL

Datel-Intersil is an established international leader in
all phases of data conversion technology. In order to
meet the rapidly growing need for data acquisition
components and systems to interface with computers
in industrial, commercial, scientific and military
applications, Datel-Intersil offers one of the broadest
lines of products in the industry. This product line
includes A/D and D/A converters, sample-holds,
analog multiplexers, operational and instrumentation
amplifiers, V/F and F/V converters, voltage
references, temperature sensors, active filters, data-
loggers and readers, data acquisition systems,
computer analog I/O boards, digital panel meters,
digital panel printers, digital voltage calibrators,
linear and switching power supplies, and DC-DC
converters.

Datel-Intersil’'s modern 120,000 square foot
manufacturing facility in Mansfield, Massachusetts,
just 40 minutes from Boston’s Logan Airport, houses

all Datel-Intersil operations. This new headquarters is -

dedicated to continuing our leadership position by
supplying a steady stream of significant new
products to meet the demand for high performance
data acquisition devices in the 1980’s.

ABOUT THIS PRODUCT HANDBOOK

You are holding two Datel-Intersil catalogs. This
section is the Data Acquisition Components
Handbook; simply turn this whole volume over to the
opposite cover for access to the Instruments and
Systems Handbook. This dual catalog reflects Datel-
Intersil's dual expertise: leadership in data conversion
components technology and leadership in data
conversion systems and instrumentation technology.

DATA ACQUISITION COMPONENTS HANDBOOK

This handbook is written for the design engineer who
requires detailed technical information about
products in order to select and apply a product
appropriate to a particular application.

In this handbook, comprised of pages 1C through
566C, products are categorized by function. Products
in each category are organized into quick selection
tables followed by detailed data sheets for our most
popular products. Data Sheets not included in this
catalog may be obtained by contacting Datel-
Intersil’s nearest sales office.

Datel-Intersil also maintains an Application
Engireering Department to answer any additional
questions that may arise concerning the application
of our products.

Our highly qualified team of Field Sales Engineers is
available to service your needs throughout the United
States, Canada, Western Europe, the Mid East, and
Far East. ’ '
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Product Index

A/D CONVERTERS
ADC-ESeries .......... 10C, 90C
ADC-Econoverter ............ 10C
ADC-EH8B ........... 14C, 94C
ADC-EH10B .......... 14C, 96C
ADC-EH12B1,B2 ..... 14C, 98C
ADC-EH12B3 ......... 14C,100C
ADC-EK Series........ 8C, 16C
ADC-ET Series ........ 8C, 20C
ADC-G8B,10B ......... P 14C
ADC-HC12B.......... 12C, 66C
ADC-HS12B .......... 12C, 70C
‘ADC-HU3B .................. 14C
ADC-HX12B .......... 8C, 74C
- ADC-HZ12B .......... 12C, 74C
ADC-LSeries ................ 10C
ADC-MSeries................ 10C
ADC-MASeries . ............. 10C
ADC-MC8B........... 8C, 26C
ADC-SH4B .................. 14C
ADC-TV8B ........... 14C,106C
ADC-UH Series ....... 14C,102C
ADC-89A .. ...........ccuinns 10C
ADC-149-14B ......... 12C,110C
ADC-815 ............. 14C, 78C
ADC-816 ............. 14C, 82C
ADC-817 ............. 14C, 86C
ADC-825 ............. 12C, 78C
ADC-826 ............. 12C, 82C
ADC-827 ............. 12C, 86C
ADC-856 ............. 8C, 62C
ADC-876 ............. 14C,112C
ADC-881 ............. 12C,116C
ADC-7104 ............ 12C, 30C
ADC-7109 ............ 8C, 46C
ADC-8068A........... 12C, 30C
D/A CONVERTERS
DAC-DG12B.......... 130C,196C
DAC-HA Series ....... 126C,174C
DAC-HF Series........ 130C,180C
DAC-HiSeries ........ 130C,200C
DAC-HK Series ....... 128C,184C
DAC-HP Series ....... 132C,188C
DAC-HR Series ....... 132C,204C
DAC-HZ Series ....... 122C,192C
DAC-ISeries . .. ............ 124C
DAC-IC8B............ 122C,134C
DAC-IC10B........... 122C,138C
DAC-UP8B ........... 122C,142C
DAC-VSeries .............. 128C
DAC-VRSeries............. 128C
DAC-08B ............. 122C,146C
DAC-9 ...............o....s 124C
DAC-19 ... .. ... 124C
DAC-29 ..........cccoi.n. 124C
DAC-49 .................... 124C
DAC-69 .................... 124C
DAC-169 ................... 132C
DAC-681 ............. 122C,150C
DAC-7520 ............ 126C,154C
DAC-7521 ............ 126C,154C
DAC-7523 ............ 126C,160C
DAC-7533 ............ 126C,164C
DAC-7541 ............ 126C,168C
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SAMPLE-HOLDS

SHM-ICT ............. 210C,212C
SHM-LM2 . ..... P 210C,216C
SHM-HU ............. 210C,218C
SHM-UH ............. 210C,224C
SHM-UH3 ............ 210C,224C
SHM-1 ............... 210C
SHM-2 ............... 210C,228C
SHM-2E ......... P 210C,228C
SHM-5 ............... 210C,230C
SHM-6 ............... 210C,220C
ANALOG MULTIPLEXERS
MU-6108 ............. 234C,236C
MU-6116 ............. 234C,242C
MU-6208 ............. 234C,248C
MU-6216 ............. 234C,254C
MV-Series ............ 234C,260C
MX-Series ............ 234C,264C
DATA ACQUISITION SYSTEMS
DAS-250 ............. 270C,298C
DAS-952R ............ 270C,272C
HDAS-8 .............. 270C,278C
HDAS-16 ............. 270C,278C
MDAS-8D ............ 270C,286C
MDAS-16............. 270C,286C
MDXP-32 ............. 270C,292C
OPERATIONAL AMPLIFIERS
AM-100. ... ... 312C
AM-101. ... .. e 312C
AM-102. ... ... 312C
AM-103........ ..o 312C
AM-303...............o.a 310C
AM-410............... 308C,314C
AM-411..... ... ... ... 308C,314C
AM-414 ... ... ..., 308C,318C
AM-450............... 312C,320C
AM-452 . ... ... ... .... 312C,320C
AM-453............... 308C,324C
AM-460............ ... 308C,320C
AM-462............... 312C,320C
AM-464. ... ... ... .... 310C,326C
AM-470............... 310C,328C
AM-490..... P, 308C,330C
AM-500............... 312C,350C
AM-7600 ............. 308C,334C
AM-7601 ............. 308C,334C
AM-7611 .. ... ........ 310C,344C
AM-7612 .. ... ........ 310C,344C
AM-7613 ... .......... 310C,344C
AM-7614 ... ... ...... 310C,344C
AM-7615 ............. 310C,344C
AM-8510 ............. 310C,352C
AM-8520 ............. 310C,352C
AM-8530 ............. 310C,352C
INSTRUMENTATION AMPLIFIERS
AM-201............... 364C,382C
AM-435............... 364C,366C
AM-542 ... ... ......... 364C,378C
AM-453... ... ......... 364C,378C
AM-7605 ......... ... 364C,368C
AM-7606 ............. 364C,368C

- SPECIAL FUNCTIONS

AMC-8013 ............ 388C,392C
FLT-U2 ... 388C,404C
LA-8048 .............. 388C,396C
LA-8049 .............. 388C,396C
TT-590 ............... 388C,410C
VFQ-IC............... 388C,412C
VFV-10K.......... ... 388C,416C
VFV-100K ............ 388C,416C
VI-T760 ......... 388C,422C,549C
VR-182 ............... 388C,428C
VR-8069 .............. 388C,430C
WG-8038 ............. 442C,444C
ANALOG SWITCHES

AS-5040 to AS-5051 ... 442C,444C

AS-5140t0 AS-5145 ... 442C,454C

COUNTERS AND DISPLAY
DRIVERS

CD-7216.............. 464C,466C
CD-7217 ... ..ot 464C,481C
CD-7224.............. 464C,493C
CD-7225.............. 464C,493C
CD-7226.............. 464C,501C
CD-7227 .............. 464C,481C
DD-7211.............. 464C,513C
DD-7212.............. 464C,513C
DD-7218.............. 464C,523C
POWER SUPPLIES

LINE OPERATED POWER
SUPPLIES
BCM-15/60................. 540C
BCM-15/100 ~............... 540C
BCM-15/200 ............... 540C
BCM-15/300 ............... - 540C
BPM-5/250 ................. 538C
BPM-5/500................. 538C
BPM-12/60 ................. 538C
BPM-12/100................ 538C
BPM-12/200................ 538C
BPM-12/300................ 538C
BPM-15/60 ................. 538C
BPM-15/100................ 538C
BPM-15/200................ 538C
BPM-15/300................ 538C
BPM-120/25................ 544C
BPM-150/20................ 544C
BPM-180/16................ 544C
MPD-12/1 ........... ... ... 550C
MPD-12/15 ................ 550C
MPD-12/3 ......... ... ... 550C
MPD-15/1 ...l 550C
MPD-15/15 ................ 550C
MPD-15/3 ...l 550C
MPS-5/3 ...l 550C
MPS-5/6 ................... 550C
MPS-5/12 .............. ... 550C
MPS-5/18 .................. 550C
MPT-12/1-5/3 .............. 550C
MPT-12/15-5/6 ............. 550C
MPT-12/15-5/12 ........... 550C
MPT-15/1-56/3 .............. 550C
MPT-15/15-5/6............. 550C

MPT-15/1.5-5/12 ........... 550C



BPM-15/100-D28
BPM-15/100-D48
BPM-15/150-D5

BPM-15/150-D24
BPM-15/150-D28
BPM-15/165-D5

BPM-15/165-D12
BPM-15/165-D28
BPM-15/165-D48
BPM-15/330-D5

BPM-15/330-D12
BPM-15/330-D28
BPM-15/330-D48
BPM-18/25-D5

BPM-18/25-D12
BPM-18/25-D28
BPM-18/100-D5
BPM-18/100-D12
BPM-18/100-D28
BPM-18/140-D5

BPM-18/140-D12
BPM-18/140-D28
BPM-18/280-D5

BPM-18/280-D12
BPM-18/280-D28
UPM-5/200-D5

UPM-5/200-D12
UPM-5/200-D28
UPM-5/200-D48
UPM-5/500-D5

UPM-5/500-D12
UPM-5/500-D28
UPM-5/600-D48
UPM-5/1000-D5
UPM-5/1000-D12
UPM-5/1000-D28
UPM-5/1000-D48
UPM-5/2000-D5

UPM-5/2000-D12
UPM-5/2000-D28
UPM-5/2000-D48
UPM-12/80-D5

UPM-12/80-D28
UPM-12/80-D48
UPM-12/250-D5
UPM-12/250-D28
UPM-12/250-D48
UPM-12/420-D5

UPM-12/420-D28
UPM-12/420-D48
UPM-12/840-D5

UPM-12/840-D28
UPM-12/840-D48
UPM-15/60-D48

UPM-15/200-D48
UPM-15/330-D48
UPM-15/660-D48
UPM-24/40-D5

UPM-24/40-D12
UPM-24/125-D5
UPM-24/125-D12
UPM-24/210-D5

UPM-24/210-D12
UPM-24/420-D5

UPM-24/420-D12

PCT-5/3-12/1
PCT-5/3-15/1
PCT-5/6-12/2
PCT-5/6-15/2
PCT-5/12-12/2
PCT-56/12-15/2
TPM-12/100-5/500
TPM-15/100-5/500
TPM-12/200-5/500
TPM-15/200-5/500
TPM-12/150-5/1000
TPM-15/150-5/1000

UCM-5/1000B

UPM-5/1000B

UPM-12/100A
UPM-15/100A

DC-DC CONVERTER MODULES
BPM-12/25-D5

BPM-12/25-D12
BPM-12/25-D28
BPM-12/40-D48
BPM-12/100-D5
BPM-12/100-D12
BPM-12/100-D28
BPM-12/125-D48
BPM-12/210-D5

BPM-12/210-D12
BPM-12/210-D28
BPM-12/210-D48
BPM-12/420-D5

BPM-12/420-D12
BPM-12/420-D28
BPM-12/420-D48
BPM-15/25-D5

BPM-15/25-D12
BPM-15/25-D28
BPM-15/30-D48
BPM-15/100-D5
BPM-15/100-D12

UPM-28/25-D5 ............. 552C

UPM-28/25-D12 ............ 552C
UPM-28/100-D5 ............ 552C
UPM-28/100-D12 ........... 552C
UPM-28/180-D5 ............ 554C
UPM-28/180-D12 ........... 554C
UPM-28/360-D5 ............ 554C
UPM-28/360-D12 ........... 554C
VI-7660............... 422C,549C

INSTRUMENTS AND SYSTEMS

SECTION
Digital Panel Meters
DM-3100L .... .......... 11S-14S
DM-3100B .... .......... 158-18S
DM-3100N .... .......... 198-22S
DM-31.................. 23S-30S
DM-31000U1 .. .......... 31S-34S
DM-3100X .... .......... 355-38S
DM-3100U2,U3 .......... 39S-42S
DM-LX3 ................ 43S-45S
DM-4100L,N .. .. ... ... 46S-49S
DM-4100D .... .......... 50S-58S
UPA-5/500 ................ 598
DM-2115.................. 60S
DM-350................... 61S
DM-2000AR............... 62S
Digital Voltage Calibrator
DVC-8500............... 64S-66S

SineTrac A/D-D/A
Computer Analog Boards

ST-711,ST-732 .......... 71S-758
ST-71IRLY .............. 76S-80S
ST-724.................. 81S-87S
ST-800..........000vnnn. 88S-99S
ST-LSI ...... ... ... 100S-111S
ST-LSI2 .............. 112S,113S
ST-LSI-RLY ........... 114S-121S
ST-6800 ............... 122S-130S
Panel-Mount Thermal Printers
Parallel APP-20. . ...... 133S-146S
APP-20D ................... 147S
Serial APP-20 ......... 148S-157S
CDPP-Q7/CAPP-20 ... 158S,159S
APP-48 ............... 160S,163S
DPP-Q7 .............. 164S,174S
A/D-D/A Computer Data Systems
DAS-256............... 176S-189S
PDAS-250 ............. 190S-196S
interface Panel ......... 197S, 198S
Low-Power Digital Cassette Data
Loggers

DL-2 ... 2015-204S
UncasedDL-2 .............. 2058
DL-2T ... .ot 206S
DL-2R ................ 2078, 208S
LPS-16 ............... 209S-211S
LPS-16 Inst. Ampl.,

StartClock . ........... 212S,2138
LPR-16 ............... 2148-217S
ICT. . 218S5-226S
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New Data Acquisition Components
From Datel-Intersil

Ultra-fast 8 bit A/D converters Ultra-fast 12 bit A/D converters
Models ADC-815 and ADC-825 Models ADC-817 and ADC-827

8 bits resolution

. 12 bits resolution

* 600 nsec or1 usec conversion times ¢ 2 usecor3 usec conversiontimes

* 6analog inputranges » 5programmable analog input ranges

* Parallel or serial outputs * Parallel or serial data output

» Logic-controlled bipolar offset  Short cycle capability

* No calibration required ¢ Output coding selection

Forfullinformation see page 78C For fullinformation see page 86C

Ultra-fast 10 bit A/D converters Microprocessor compatible 12 bit integrating
Models ADC-816 and ADC-826 A/Dconverter—Model ADC-7109

¢ 10 bits resolution ¢ 12bitresolution
¢ 800 nsec or 1.4 usec conversion time » Polarity and overrange outputs
¢ 6analoginputranges » Byte-organized three-state TTL outputs
* Parallel or serial output » Uart handshake mode for microprocessor interfacing
¢ Selectable output coding * 30 conversions per second
¢ Fastest 10bit A/D currently available o Fully protected CMOS
For fullinformation see page 82C For full information see page 46C
Digitally programmable gain CAZinstrumentation amplifiers
instrumentation ampilifiers Models AM-7605 and AM-7606
Models AM-542 and AM-543 -

* 11binary weighted gains from 1 to 1024 ¢ 0.05 uV/°C input offset drift

* 4bitgain code * 2 uVinputoffsetvoltage

¢ 102 Qinputimpedance ¢ 1t0 1000 gainrange

¢ 0.01% nonlinearity . ¢ 0.5 uV/yearlong term drift

¢ Gain tempcos to 10 ppm/°C ¢ 1.5nAinput bias current

« Settling timesto 10 usec ¢ 100 dB common mode rejection
For fullinformation see page 378C Forfullinformation see page 368C
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Ultra-fast 16 bit A/D converter
Model ADC-876

* 16 bit resolution

* 2 usecconversiontime

¢ +V2| SBlinearity

« +5Vanaloginputrange

o True 500 KHz throughput rate

* Compact5”x3"x0.375"” module

For fullinformation see page 112C

Ultra-linear 8 bit A/D converter
Model ADC-881

8 bit resolution

Statistically linearized conversion

+0.0087% nonlinearity

+5V analog input range

1.5 usec conversiontime

Outof range indicator
Forfullinformation see page 116C

CMOS 12 bit muitiplying D/A converter
Model DAC-7541

12 bit resolution

4 quadrant multiplying

0.01% linearity error

1 usec current settiing time
+5Vto +15V power supply range
DTL/TTL/CMOS compatible

For fullinformation see page 168C

Low cost open-frame power supplies
Power chassis series

Open frame construction

4 single output models

6 dual output models

6 triple output models
115VAC'or 230 VAC operated
0.05% line regulation

Forfullinformation see page 546C

High efficiency 25 watt switching power supplies
Model USM-5/5

5VDC +1% at5 AMPS

80% efficiency, minimum

No overshoot on turn-on or turn-off
Short circuit and overvoltage protection
Compact3.5"x2.5"x1.25"

Forfullinformation see page 543C

Monolithic CMOS voltage inverter
Model VI-7660

Converts +5V logic supply to £5VDC supplies
Simple voltage multiplication

99.9% voltage conversion efficiency

98% power efficiency

Operates from 1.5V to 10.0V supplies

Two package configurations

Forfullinformation see page 422C
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Be anExperton
Data Acquisition and Conversion

- Datel-Intersil’s new 242 page
Data Acquisition and Conversion Handbook

This handbook contains a wealth of useful
information on the theory and application of
data conversion circuits and systems. Written
in clear concise language, this book contains
35 technical articles with 312 illustrations and
40 tables. It concludes with a handy glossary
of the 200 most commonly used data acquisi-
tion terms.

Major topics covered:

Principles of Data Acquisition and Conversion
A/D and D/A Converters

Data Conversion Systems

Sample -Holds

High Speed Op Amps

V/F Converters

You will want to add this useful reference work
to your engineering library. Just mail the cou-

pon with your payment. Please, No Purchase

Orders.

PRICE: U.S. & Canada $4.95
Elsewhere add $2.75 for air shipment and handling.

Massachusetts Residents add 5% Sales Tax.

TO: Datel-Intersil, Inc.
Attn: Marketing Department
11 Cabot Boulevard, Mansfield, MA 02048

Please send _copies of “Data Acquisition
and Conversion Handbook.” $ enclosed.

NAME

COMPANY

DEPT/MS

STREET

CITY : STATE___ ZIP

COUNTRY




A/D CONVERTER
ADC~816MC

Bﬁﬂ (RTER
1 cONVER
:’:c.»s\ﬁsm'g,u- wush
. -

Analog-To-Digital
Converters

ADC-EK 16C
ADC-ET 20C
ADC-MC8B 26C
ADC-7104/ADC-8068A 30C
ADC-7109 46C
ADC-856 62C
ADC-HC 66C
ADC-HS 70C
ADC-HX, ADC-HZ 74C
ADC-815, ADC-825 78C
ADC-816, ADC-826 82C
ADC-817, ADC-827 86C
ADC-E 90C
ADC-EH8B 94C
ADC-EH10B 96C
ADC-EH12B 98C
ADC-EH12B3 100C
ADC-UH 102C
ADC-TVSEB 106C
ADC-149 110C
ADC-876 112C
ADC-881 116C
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Quick Selection: |
‘General Purpose A/D Converters

CONVERSION LINEARITY ANALOG INPUT

DESCRIPTION RESOLUTION TIME, MAX. ERROR, MAX. RANGE

| ADC-EK8B 8 Bits 1.8 msec 0 to 410V

ADC-EK10B Low Gost 10 Bits 6 msec , isv '
ADC-EK12B : ow ‘1,3 12 Bits 24 msec 1. LSB =
ADC-EK12DC | |"/597ating e
ADC-EK12DR 3%, Digits 12 msec 0 to +10V
ADC-EK12DM
ADC-ET8BC .
ADC-ET8BM | Low Cost _8Bits 1.8 msec .

O['ADC-ET10BC__| Integrating , +% LSB

E ADC-ET10BM | A/D with 10 Bits 6 msec 0 to +10V,

S ADC-ET12BC__| Three-State 12 it o +17, LSB +5V

O[ADC-ET12BR | Outputs Its msec B

g "ADC-ET12BM +% LSB ,

= | ADC-MC8BC Multifunction . 0to +2.5V,0 to +5V
ADC-MC8BM | A/D-D/A 8 Bits 500 psec +% LSB 0 to +10V
ADC-856C Tracking A/D , 0 to+5V, 0 to +10V
ADC-856M Latched Outputs | 10 Bits 1usec/LSB' |+, LSB 42 5V, +5V, +10V
ADC-7109C Integrating A/D A ’
ADC-7109R Byte-Organized 13 Bits 33.3 msec +1LSB +4V
ADC-7109M Three State Outputs

Q | ADC-HX12BGC | Successive

@ | ADC-HX12BMC | Approximation 12 bits 20 usec +1, LSB Ojg ;3";&}0;;2)‘3/\’

@ "ADC-HX12BMR | A/D with Input *2.5V, £V, &

T | ADC-HX12BMM | Buffer Amp

NOTES: 1. Fortracking operation only, non-tracking Full Scale conversion time is 1.024 msec. max.
2. Coding: Bin = Straight Binary or Offset Binary ‘
BCD = Binary Coded Decimal
C Bin = Complementary Binary
C2C = Complementary Two's Complement
Sign Mag Bin = Sign Magnitude Binary

8C



OUTPUT GAIN POWER PACKAGE OPER. TEMP. 33
CODING? TEMPCO REQUIREMENT PACKAGE MATERIAL RANGE (°C) PRICE (1-24) PAGE
Plastic 0 to +70 $ 11.50
Bin Coramic 0to +70 $ 29.00
. _ 0to +70 $ 38.00
25 ppm/°C |+x5VDC 24 pin DIP Plastic 0 to +70 $ 13.95 16C
BCD G , =25 to +85 $ 23.00
eramic —55 to +125 $ 43.00
Plastic 0 to +70 $ 14.00
Ceramic —55 to +125 $ 42.00
i +7 18.50
Bin 25 ppm/°C | +5VDC 24 pin DIP fo;'rﬁic _52 o +125 g sg 20 20C
Plastic _0to+70 $ 19.50
c . —25 to +85 5 41.50
eramic —55 to +125 $ 71.50
. R ) Plastic 0 to +70 $ 9.95
Bin 10 ppm/°C | +5V 16 pin DIP Coramic 5 to 1125 $ 22.00 26C
+7 2.00
Bin 40 ppm/°C | +5VDC 28 pin DIP Ceramic _52 ttg +125 g :3_00 62C
Sign Mag. Plastic 0 to +70 $ 18.22
Bin. with |5 ppm/°C |+5VDC 40 pin DIP Cerdip —25 to +85 $ 29.83 46C
Overrange Ceramic —55 to +125 $ 61.76
Epoxy Seal 0to70 $ 87.00
CBin 20 ppm/°C | +15VDC, 32 pin H ) 0to 70 $110.00 740
ca2c +5V Ceramic DIP Se':“e“c —25 to +85 $125.00
ea —55 to +125 *$165.00

*Available with MIL-STD-883 class B screening.

THESE PRODUCTS ARE COVERED BY GSA CONTRACT
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Quick Selection:
General Purpose A/D Converters

DESCRIPTION

RESOLUTION

CONVERSION
TIME, MAX.

LINEARITY
ERROR, MAX.

ANALOG INPUT
RANGE

ADC-Econoverter | Counter Type 6 Bits 50 usec +1% LSB 0 to +5,0 to +10,
. +2.5V, +5V
ADC-89A8B 8 Bits 200 usec 0 to +10V, +5V
ADC-89A8D Counter Type 5 hisits 100 usec +1LSB 010 +10V
ADC-E8B 8 Bits 312 usec
ADC-E10B Fast 10 Bits 1.25 msec +1V, £5V, £10V
ADC-E12B Dual Siope 12 Bits 5.0 msec +, LSB
ADC-ESD 2, Digits 500 psec R
o [ADC-E12D 3%, Digits | 5.0 msec 2V, 25V, £10V
w | ADC-L8B2 8 Bits 12 usec
3 [ADC-L10B2 Successive 10 Bits 16 usec 0totoy 010 10%.
8 ADC-L12B2 Approximation 12 Bits 20 usec +1, LSB T
ADC-L8D2 Type 2 Digits 12 usec '
= [ADC-L12D2 3 Digits 20 ysec 0to+5V, 0 to +10V
ADC-MA10B2A Successive 10 Bits 40 usec
ADC-MA10B2B Approximation 20 usec +1, LSB 0to+5V, 0 to +10V
ADC-MA12B2A Parallel or 12 Bits 40 usec +2.5V, 5V, £10V
ADC-MA12B2B Serial Output 20 usec
ADC-M8B2 8 Bits 4.0 usec
ADC-M10B2 Fast 10 Bits 11.5 usec 0to+5V, 0 to +10V
ADC-M12B2 Successive 12 Bits 13.0 usec +v% LSB +5V, =10V
ADC-M8D2 Approximation 2 Digits 4.0 usec
ADC-M12D2 Type 3 Digits 13.0 usec 010 +5V, 0 to +10V

10C




OuUTPUT

GAIN

POWER

PACKAGE SIZE

OPER. TEMP.

SEE

CODING

TEMPCO

REQUIREMENT INCHES (MM)

RANGE (" C)

PRICE (1-9)

PAGE

Bin 100ppm/° C |£15V, +5V 2x2x0.375 (51x51x10) 0 to +70 $ 46.00 *
Bin .~ |£15VDC, $ 84.00 *
BCD 50ppm/° C 15V 3x2x0.375 (76x51x10) 0 to +70 $ 84,00
$ 94.50
Sign Mag. $105.00
Bin 50ppm/° C |F15VDC, 4x2x0.4 (102X51X10) 0to +70 $121.00 90C
Sign Mag. +5V $ 94.50
BCD $121.00
Bi 3x2x0.375 (76x51x10) $157.50
n, 3
20 $180.50
10ppm/°C [F15VDC 4x2x0.4 (102x51x10) 0 to +70 $208.50 ’
BCD +5V $157.50
$203.50
$132.00
N 3 *
Bin, 30ppm/~ C |F15VDC, 4x2x0.4 (102x51x10) 0 to +70 $146.00
2C +5V $140.50
$194.00
B $266.50
2'0' $343.50
10ppm/e C [£15VDC 4x2x0.4 (102x51x10) 0 to +70 $405.00
BCD +5V $266.50
$405.00

*For Data Sheet Contact Nearest Datel Sales Office

Datel offers modular products in operatigg temperature ranges of

—25to +85°C(suffix-EX)and —55t0 +

°C (suffix-EXX-HS). For

information on these high reliability modules contact nearest

Datel sales office.

THESE PRODUCTS ARE COVERED BY GSA CONTRACT
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Quick Selection:
High Performance A/D Converters

DESCRIPTION

CONVERSION

LINEARITY

ANALOG INPUT

RESOLUTION TIME, MAX.

ERROR, MAX.

RANGE

= | ADC-7104-14C | Integrating A/D; 15 Bits 81 msec
O | ADC-8068AC Byte Organized Analog Sec. for Two Chip A/D | 1 LSB +150mV to 10V
_E ADC-7104-16C | Three State Outputs| 17 Bits 328 msec '

ADC-HC12BMC
ADC-HC12BMR é?\ﬂwozoxv/eg 12 Bits 300 psec +1, LSB 0 fg ;\fv;gff‘é%v
ADC-HC12BMM o =
ADC-HS12BMC | Fast A/D
ADC-HS12BMR | with 12 Bits 9 usec +1, LSB 0 Jf‘z’ gs\ig\}f%?/v
ADC-HS12BMM | Sample-Hold e
ADC-HZ12BGC |Fast A/D
ADC-HZ12BMC | with 12 Bits 8 usec +1, LSB 0to+5V,0 to +10V
ADC-HZ12BMR | Input Buffer +2.5V, x5V, +10V

9 ADC-HZ12BMM | Amplifier ,

@ | ADC-825MC Very Fast A/D 0to+5V, 0 to +10V

2 ADC-825MR Logic Controlled 8 Bits 1 usec +1, LSB 0 to +20V, 2.5V,

I | ADC-825MM  |Bipolar Offset +5V, +10V
ADC-826MC Very Fast 0to -5V, 0to-10V,
ADC-826MR_ Successive 10 Bits 1.4 usec +1 LSB 0 to -20V, £2.5V,
ADC-826 MM Approximation A/D +5V, +10V
ADC-827MC Very Fast A/D
ADC-827MR | with Internal 12 Bits 3 usec +1, LSB O o ey
ADC-827MM Buffer e

8 ADC-881 Ultra-Linear 8 Bits 1.5 usec +0.04 LSB +5V

| = | ADC-149-14B | Fast High Res. 14 Bits 50 usec +1, LSB 0to-10,-20,+5,+10V

NOTES: 1. Two chip A/D converter, requires ADC-8068AC and either ADC-7104-14C or ADC-7104-16C

12C

for complete function.

2. Output Coding: Bin = Straight Binary or Offset Binary
2C = Two’s Complement

C Bin = Complementary Binary

C2C = Complementary Two’s Complement

Sign Mag Bin = Sign Magnitude Binary




OUTPUT GAIN POWER PACKAGE  OPER. TEMP.
CODING2 TEMPCO REQUIREMENT PACKAGE TYPE RANGE (°C) PRICE (1-24)
S!gn Mag +15VDC 40 p?n DIP Plast?c $ 34.12
Bin. with | 5ppm/°C ’ 14 pin DIP Cerdip 0to +70 $ 12,10 30C
Over Range 5V 40 pin DIP Plastic $ 38.32
. . . 0 to +70 $129.00
QB(':“’ 30ppm/°C ig :g ilg& c?zrzl:nc - gg;“e“c 25 t0 +85 $169.00 66C -
o . 55 to +125 *$209.00
A ‘ 0 to +70 $139.00
g2BC|n 20ppm/°C f;gVDC’ girzinf;ic - g:;“et'c 25 to +85 $189.00 70C
~55 to +100 *$239.00
Epoxy Seal 119.00
C Bin, o | £15VDC, 32 pin HZrm};ti: ] 0t 2130.00
c2c 20ppm/°C | gy Ceramic DIP | gep ~25 to 185 $165.00 740
’ -55 to +125 *$205.00
, , , 0 to +70 $165.00
Bin 20ppm/°C +15VDC, 24 pm- Hermetic 95 10 185 $195.00 78C
2C +5V Ceramic DIP | Seal 755 to 1125 +$235.00
. 4 . 0to +70 $180.00
Bin 37ppm/ec | T19VBC, 32 pin. Hermetic 555 +85 $210.00 82C
2C sV Ceramic DIP | Seal 5510 1125 | *$255.00
. . . 0 to +70 $195.00
28(':”’ 25ppm/°C f;f’/VDC* :éi rpa':m oip g:;“e“c 25 to 185 $225.00 86C
55 to +125 *$275.00
Bin 30ppm/°C | £15V, +5V 5"x3"x.375" (127x76x9,5mm) | 0to +70 Consult Factory 116C
Bin,2C | 15ppm/°C | +15V, +5V 4"x2"x.8" (102x51x20mm) 0 to +70 (1-9)$264.50 | 110C

*Available with MIL-STD-883 class B screening.

Datel offers modular products in operating temperature ranges of
—25t0 +85°C(suffix-EX)and - 55to +85°C (suffix-EXX-HS). For
information on these high reliability modules contact nearest
Datel sales office.

THESE PRODUCTS ARE COVERED BY GSA CONTRACT
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Quick Selection:
High Speed A/D Converters

O . AR ANALO .
0D N RIPTIO RESO ! PROR R A

ADC-HUSBMC |, - Fast
ADC-HUSBMR ). 1ype 3Bits 20nsec - |0.1% £2.4V
ADC-HU3BMM ,
ADC-815MC Ultra-Fast, No Oto +5v,0to + 10V

» ADC-815MR Calibration, Logic | 8 Bits 600 nsec +21LSB O0to +20V, £2.5V

Q |ADC-815MM Controlled Bip. Offs. +5V, + 10V

% ADC-816MC Fastest Hybrid Oto —5V,0to —10V,

; ADC-816MR 10 Bit A/D 10 Bits 800 nsec +1LSB 0to —20V, =2.5V,
ADC-816MM Available +5V, 10V
ADC-817MC Ultra-Fast with Oto —5V,0to —10V
ADC-817MR Input Buffer 12 Bits 2 usec +2LSB + 2.5V, +5V
ADC-817MM Amplifier + 5V
ADC-SH4B Int. Sample-Hold 4 Bits 500 nsec + ¥3LSB Oto +1V
ADC-UH4B Ultra-Fast o 0to —2.56V
ADC-UH4B2 | Flash Type 4 Bits 40nsec | £721SB +1.28V
ADC-EH8B1 Fast with Par. 8 Bits 4 usec + 1, LSB Oto +10V,
ADC-EH8B2 and Ser. Outputs 2 usec +5V
ADC-G8B Ultra-fast 8 Bits 800 nsec + % LSB Oto —5, —10V, =5, =10V

" 232'3:::2 'T:‘:"°'Stage 8Bits . |100nsec | =1LSB Oto —2.56V

wi - ash Type +1.28V

= |ADC-TV8B1 | Video Speed, 8 Bits 50 nsec + %LSB Oto +1, +2, +5V

8 |ADC-TV8B2 20 MHz +1, +2, +5V

g ADC-EH10B1 Serial and 10 Bits 4 psec + 1, LSB Oto 10V,
ADC-EH10B2 Parallel Outputs 2 usec o +5V
ADC-G10B Ultra-fast 10 Bits- 1 usec + %2L.SB 0to —5,10V, =5, =10V
ADC-EH12B1 |Fast 8 usec ’
ADC-EH12B2 Very Fast 12 Bits 4 usec +1%2LSB Oto + 10V,
ADC-EH12B3 | Ultra-Fast 2 psec *8V
ADC-876 Fastest Available |16 Bits 2 usec +12L.SB +5V

NOTES: 1. Coding: Bin = Straight Binary or Offset Binary

14C

2C = Two’s Complement




OUTPUT GAIN POWER OPER.TEMP  PRICE
CODING' TEMPCO REQUIREMENT PACKAGE RANGE (°C) (SINGLES)
32 Pin Hermetically Oto +70 | $169.00
Bin 25 ppm/°C | £5VDC Sealed Triple Spaced —25to +85 | $199.00 **
Ceramic DIP —55t0 + 125 | $249.00
Bin, +15VDC, 24 Pin Hermetically Oto +70 | $205.00
be 20 ppm/°C +5V Sealed Triple Spaced -25t0 +85 | $235.00 78C
Ceramic DIP —-55to + 125 *$275.00
Bin, +15VDC, 32 Pin He.rmetically 0to +70 | $245.00
be 38 ppm/°C +5V Sealed Triple Spaced —25to0 +85 | $275.00 82C
Ceramic DIP —-55to0 + 125 |*$315.00
Bin, +15VDC, 32 Pin Hermetically Oto +70 | $295.00
bc 25 ppm/°C +5V Sealed Triple Spaced —25t0 +85 | $325.00 86C
Ceramic DIP —-55to + 125 |*$365.00
Bin. 200 ppm/°C | + 15V, + 5V 2x2x.375IN.(61 x 51 x 10mm) Oto +70 $110.00 **
Bin. 50 ppmsec | * 19VDC, 5x3x1.15IN(127x76x29mm) | Oto +70 |297900 |i5o¢
+ 5V $379.00
Bin, 50 ppmiec | = 19VDC, 2% 2%.375 IN(51 x 51 x 10mm) Oto +70 |2 9950 1 g4c
2C +5V $151.00
Bin, 2C 25 ppm/°C | =15V, +5V 4x2x.4IN(102x 51 x 10mm) 0to +70 $264.50 *x
Bin. 50 ppmsec | = 15VDC; 5x3x1.15IN(127x 76x20mm) | Oto +70 592800 | 405¢
+5V $626.00
Bin (ECL) | ¢, ppmioG | 15VDC, 7.5%4.25 % .875IN Oto +70 | 394100 | oo~
Bin (TTL) +5V (191 x 108 x 22mm) : $998.50
Bin, 30 ppmrec | * 15VDC, 3% 2% .375 IN(76 x 51 x 10mm) Oto +70 |-217400 | g5
2C + 5V $210.00 .
Bin, 2C 25 ppm/°C | £15V, +5V 4x2x.8IN(102x51x 20mm) Oto +70 $308.50 *x
Bin, +15VDC, $199.50 | gg¢
e 30 ppm/°C +5V 4x2x.375IN(102 x 51 x 10mm) 0to +70 | $241.50
$286.50 100C
. Contact
Bin, 2C 25ppm/°C | 15V, +5V 5x3x.375IN(127 x 76 x 10mm) Oto +70 Fact 112C

*Available with MIL-STD-883 class B screening.
**For data sheet contact nearest DATEL-INTERSIL sales office.

Datel offers modular products in operating temperature ranges of
—25to +85°C (suffix-EX)and —55to + 85°C (suffix-EXX-HS). For
information on these high reliability modules contact nearest
Datel sales office.

THESE PRODUCTS ARE COVERED BY GSA CONTRACT
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FEATURES

* Monolithic CMOS

« Binary or BCD Models

* 20mW Power Consumption
* To 12 Bit Accuracy

¢ No Missing Codes

* Low Cost

GENERAL DESCRIPTION

The ADC-EK series are low power, inte-
grating A/D converters fabricated on a
single monolithic chip using CMOS .
technology. The circuit employs a
charge balancing integrator, current
switch, comparator, clock counter,
data counter, and control logic cir-
cuitry to implement conversion. The
charge balancing integration tech-
nique gives high linearity and noise im-
munity along with ‘inherent mono-
tonicity resulting in no missing codes.
Output data appears in parallel form on
latched outputs which are CMOS, low
power TTL, or low power Schottky TTL
compatible. The ADC-EK series con-
sists of 5 different models with 8, 10,
and 12 bit binary coding and 32 digit
BCD coding.

Conversion time is 1.8 to 24 millisec-
onds maximum depending on model.
Nonlinearity is 12 LBS max. while dif-
ferential nonlinearity is =+% LSB
typical. Other specifications include
gain tempco of =25ppm/°C typ. and
zero drift of +50u V/°C max. An external
reference, integrating capacitor, and
several other components are required
for operation. The analog input voltage
range is programmable by means of an
external resistor which sets the
current into the integrator at 10uA full
scale. Standard operating mode is uni-
polar but bipolar operation is accomp-
lished using an external op amp to pro-
vide an offset current from the refer-
ence.

Power requirement is +5VDC at 2mA,
giving a power consumption of only 20
milliwatts. The units are packaged in
24 pin ceramic or plastic DIP’s.

CAUTION: The ADGC-EK Series are
CMOS devices and should be handled
carefully to prevent static charge pick-
up which might damage the devices.
The devices should be kept in the ship-
ping containers until ready for installa-
tion.

Monolithic Integrating
Analog-to-Digital

Converters

ADC-EK Series

+5VDC -5VDC BIAS
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MAXIMUM RATINGS

SPECIFICATIONS, ADC-EK SERIES
(Typical at 25°C, =5V Supplies, Reias = 100K, unless otherwise noted

ADC-EK8B/10B/12B | ADC-EK12DC/DR/DM

*10 mA
*10 mA
—03VtoVpp + 0.3V
18V
500 mwW

ANALOG INPUTS
Type Analog Input........... ..

Single ‘Ended

Start Convert Pulse. . . . .......

Full Scale Input Current........ +10 uA

Reference Current. ... ........ —20 uA
DIGITAL INPUTS

Logical “1”"ViN. ... ........... 3.5V min

Logical “O"Vin. . . . ........... 1.5V max

>3 5V for 500 nsec min

OUTPUTS
Parallel Output Data...........

8.10. 12 Lines

12 Lines and Overrange

Logic “1” Output Voltage.. . . . . ..
Logic “0” Output Voitage. .. . . ..
E.O.C.(Status)................

+45Vmin at =10 uA. +2 4V min. at =360 uA?

+0.4 max at —360 uA2
HI During Conversion. LO When Completed

% LSB. typ % LSB max

DATAVALID................. HI When Data Valid. LO When Data Changing
PERFORMANCE

Resolution. . ................. 8.10. 12 Bits 3% Digits

Coding. ..................... Straight Binary BCD

Nonlinearity.................. 7% LSB. max 0025% max

'0.025% max

Diff. Nonlinearity Tempco. . . ...
No Missing Codes.............
Initial Gain Error, Adj. to Zero. . .
Gain Temperature Coefficient. . .
Initial Zero Error, Adj. to Zero. . .
Zero Drift Tempco.............

*2.5 ppm/°C typ.. £5 ppm/°C max
Over Operating Temperature Range
+5. —3% max '
*25 ppm/°C typ . =75 ppm/°C max !
=50 mV max
+50 uV/°C max.

Conversion Time, max. . .. ... ..

1.8 msec. (8 Bits)
6 msec (10 Bits)
24 msec. (12 Bits)

12 msec (3% Digits)

Power Supply Sensitivity. . ... ..

+0.05% of Full Scale Gain3

POWER REQUIREMENT
Voltage, Rated Performance. . . .
Voltage Range, Operating. . . . . .
Supply Quiescent Current
ADC-EK8B, EK12DC. . ... ....
ADC-EK10B, EK12B, EK12DR.
ADC-EK12DM...............

*+5VDC
+35VDC to =7 VDC

5.0 mA
2.5 mA max
3.5 mA max

and must be properly handled to pre-
vent damage from static pick-up.
Proper anti-static handling procedures
should be observed including storage
in conductive form or shorting all pins
together with aluminum foil. Do not
connect in circuits under “power on"
conditions. The input voltage should
be applied after power is on. Do not
open circuit the zero adjust, reference,
or start convert pins while power is on.
It should also be noted that the top and
bottom of the ceramic package are
connected to the positive supply.

. Nominal values of input, reference.
and offset resistors are given in the
resistor table. Due to the possible +5%
tolerance of the external reference and
+5% —3% tolerance on the converter
scale factor, the actual resistor value
can vary by almost =10%. Rg and Ry
in the diagrams are for trimming gain
and bipolar offset during calibration. It
is recommended that Rg be 1% of Ry
(nominal) and Rt be 1% of Rogr (nom-
inal). They should both be 100ppm/°C
cermet trimming pots. The recom-
mended procedure for selecting Ry
and Rorf is to set the Rg and Ry to
center of range and then choose 1%
metal film resistor which gives the
nearest fit at the full scale point1111...
111 for Ry and one that gives the
nearest fit to zero scale point 1000...
000 for Ry.

. To choose any intermediate scale val-
ues for Ry and Ry or values of Rger
for other reference voltages, use the
following formulas:

_ESR FSRisfull scale
Rin (nOM.) =G4  range or total
input voltage
span for the
converter.

Rorr (nom.) = =28
Vv
Rrer (NOM.) = Q_OR%Z\

It is recommended that large full-
scale voltage ranges be chosen such

) TECHNICAL NOTES

1. The ADC-EK series are CMOS devices

PHYSICAL-ENVIRONMENTAL

See Ordering Information
—65°C to +150°C
24 Pin DIP

ORDERING INFORMATION

NOTES: 1. For the ADC-EK12DM Only. Initial Gain Error is =5%. Gain
Tempco is £40 ppm/°C typ.. =80 ppm/°C max. and Zero Drift
Tempco is 80 uV/°C
2 ADC-EK12DM outputs can sink and source 500 uA
3. Supply Sensitivity given for Vpp = Vgg = 5V =1V

MODEL NO. OPER. TEMP PACKAGE
RANGE
BINARY
ADC-EK8B 0°Cto +70°C  Plastic
ADC-EK10B ~25°Cto +85°C  Ceramic
ADC-EK12B —25°Cto +85°C  Ceramic
BCD
ADC-EK12DC 0°Cto +70°C  Plastic
ADC-EK12DR  —25°Cto +85°C  Ceramic
ADC-EK12DM  —55°Cto +125°C Ceramic

THESE CONVERTERS ARE COVERED
UNDER GSA CONTRACT
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TECHNICAL NOTES (Cont'd.)

TIMING DIAGRAMS

as 0 to +10V, O to +5V etc. in order
to keep the error due to input offset
voltage drift to a minimum.

4. The temperature stability of the ADC-
EK converters depends directly on the
converter itself, Rin, Rrer. RorF, and
Vree. Since the converter is typically

10ppm/°C reference be used along
with 10ppm/°C metal film resistors for
Rin» Rrer. @and Roge for best perform-
ance over temperature. On a statistical
basis this would give about 28ppm/°C
stability for the complete converter.

5. Other passive components used with
the converter may have tolerances as
indicated here: Rc is a £10% carbon
comp. resistor; Cc is a £20% ceramic
capacitor; Cint is @ =10% glass or ce-
ramic capacitor; Rgjas is a +10% car-
bon comp. resistor; and the two zero
adjust resistors are =10% carbon com-
position type. It is recommended that
two 0.1uF bypass capacitors be used
right at the power supply pins. Cint
should be connected as close as pos-
sible to pins 14 and 15 away from any
noisy lines.

6. The start convert pulse initiates con-
version on the LO to HI transition after
which the conversion cycle cannot be
interrupted and must run to completion.

7. Logic signals should not be. routed
under these devices or near the input
reference, or zero adjust pins.

8. The unused data output pins on the 8
and 10 bit models should not be used
for external connection points since
they have internal connections to the
converter.

9. Alldigital outputs wiltdrive 2 low power
TTL loads or 1 low power Schottky TTL
load. They should not be overloaded
as this will affect the performance of
the converter.

10. Conversion accuracy is directly de-
pendent on Vgee. In order to avoid de-
grading accuracy, Vger voltage regu-
lation must be =.04% for 8 bit models,
+.01% for 10 bit models and =.0025%
for 12 bit models.

v

+20ppm/°C it is recommended thata

CLOCKED OPERATION

Hi -
START 500nsec
CONVERT MIN

NEXT CONVERSION
AVAILABLE

7 T T T T T T T T T T T T T T [ a0
START CONVERSION DISABLED e Z2H5EC
__________ > /____.___...____._..____-I RECYCLE

0

Hi | +—————————— CONVERSION TIMf —=——
. - 300nsec CONVERTING

o | RESET 10usec 5 SHUT DOWN 104sec

HI
DATA =5user
VALID N

10 '

Hi
DATA NEW DATA
oan DATA FROM LAST CONVERSION LATCHED E; A e PED

0

DATA CHANGING —__|

— L_soo nsec
1

FREE

RUNNING OPERATION

CONVERT

HI
BUSY S —
Lo

RECYCLE
CONVERSION TIME _—-—'—LJ—- TIME
1o 2 Susec

DATA
VALID

W A F

DATA

our DATA FROM LAST CONVERSION LATCHED
v

NEW DATA
LATCHED

STRAIGHT BINARY

T
DATA CHANGING T —e o 500 nsec
I

CODING TABLES

INPUT/OQUTPUT CONNECTIONS

PIN FUNCTION PIN FUNCTION
1|BIT10OUT (MSB-12BITS) | 13 | REFERENCE
218IT 2 OUT 14 | ANALOG INPUT
3 |BIT30UT (MSB-10BITS):| 15| AMPLIFIER OUT
4 |BIT 4 OUT 16 | ZERO ADJUST
5|BIT S OUT (MSB-8 BITS) | 17 | BIAS
6[BIT 6 OUT 18| -5V POWER
7{8IT7 OUT 19| +5¥ POWER
8[8I1T 8 OUT 20 | GROUND
9|BIT 9 OUT 21| START CONVERT

10 | BIT 10 OUT 22| EOC (STATUS)
1 |8iT 11 ouT 23 [ DATA VALID
12| BIT 12 OUT (LSB-ALL) 24| BCD OVERRANGE"

*NO CONNECTION FOR OTHER MODELS
NOTE:
FOR 8 AND 10 BIT MODELS DO NOT CONNECT TO
UNUSED DATA OUTPUT TERMINALS SINCE THEY
HAVE INTERNAL CONNECTIONS

8 BIT 10 BIT 12 BIT
SCALE [0 TO +10V| CODE 0 TO +10V CODE 0TO +10V CODE
FS-1LSB +9.96V 11111111 +9.990V 111111 1111 +9.9976V | 1111 1111 1111
% FS +5.00 1000 0000 +5.000 10 0000 0000 | +5.0000 1000 0000 0000
1LSB +0.04 0000 0001 +0.010 00 0000 0001 | +0.0024 0000 0000 0001
0 0.00 0000 0000 0.000 00 0000 0000 0.0000 0000 0000 0000
OFFSET BINARY
8 BIT 10 BIT 12 BIT
SCALE +5V "CODE +5V CODE +5V CODE
+FS-1 LSB +4.96V LARRIRRAR +4.990V | 111111 1111 +4.9976V | 1111 1111 1111
0 0.00 1000 0000 0.000 10 0000 0000 0.0000 1000 0000 0000
I-FS + 1LSB -4.96 0000 0001 -4.990 00 0000 0001 | -4.9976 0000 0000 0001
-FS -5.00 0000 0000 -5.000 00 0000 0000 -5.0000 0000 0000 0000}
BCD
FULL SCALE RANGE
SCALE | 0TO +2V | 0 TO +10V. | 0 TO +20V CODE
FS-1LSB | +1.999v +9.995v +19.990V | 1 1001 1001 1001
% FS +1.000 +5.000 +10.000 1 0000 0000 0000
11LSB +0.001 +0.005 + 0.010 0 0000 0000 0001
0 0.000 0.000 0.000 0 0000 0000 0000
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CONNECTIONS AND CALIBRATION

CONNECTION FOR UNIPOLAR OPERATION
Rin.Rrer are 1% Metal Film resistors
Reis:Rcare 10% Carbon Corhp resistors ovpe e

Ccis 20% Ceramic capacior RESISTOR TABLES
Zero Adjustment resistorsare 10% Carbon Comp. ot T
All trimming pots are 100 ppm°C Cermet type. uF o1 S oo
Supply bypass capacitors are Ceramic or Tantalum l ]=: uf o UNIPOLAR BIPOLAR Rin
Cint 18 10% Glass or Ceramic capacitator (9 @ RANGE RANGE (NOM.)
s 0 TO +2v V- 200K
M ey O 0 TO +5V 2.5V 500K
CURRENT
| Sionr swircw 0 TO +10V 5V 1 MEG.
i . S 0 TO +20V 10V 2 MEG.
CAIN ADS 100 15
R a2
ANALOG
INPUT -
— Rrer Rore
+ 7 INTEGRATOR > Vrer (NOM.) (NOM.)
) -1.22V 61K 244K
COMPARATOR -2.5V 125K 500K
-6.4V 320K 1.28 MEG.
START
CONVERT
CONNECTION FOR BIPOLAR OPERATION CALIBRATION PROCEDURE

(BINARY MODELS ONLY) +5VDC  svDC

7 7 1. Connect the converter as shown in the con-
nection diagrams for either unipolar or
bipolar operation. Determine the input volt-
age range and select the required input
resistors. Apply a logic HI to the start con-
vert input (pin 21) to give free-running
operation.

2.Zero and Offset Adjustments. Apply a pre-
cision voltage reference source from the
analog input resistor to ground. Adjust the
reference source to zero + ', LSB for uni-
polar operation or -FS + ', LSB for bipolar
operation. Adjust the zero or offset poten-
tiometer so that the output code flickers
between 000....000 and 000....001.

3. Gain Adjustment. Set the output of the ref-
erence source to +FS —1V2 LSB and adjust
the gain trimming potentiometer so that

Reer

20K K -

20 2uA CURRENT
OFFSET SWITCH
ADJ

Rore
776 g Cint

X Y A Rr SuA 539‘_;_-—-@
¥

ViN . n ™
R
GAIN ADJ. 67 rss“A - Toon
MEG

16 +

270 20
£
-5V P

Rin, Rrer. Rorr and the two 20K resistors are

INTEGRATOR

1% Metal Film types START (71 the output code just flickers between 111
All other resistors are 10% Carbon Comp. type CONVERT ....110and 111....111.

Ccis 20% Ceramic capacitor For BCD coding the output code should
Cint 'S 10% Glass or Ceramic capacitor flicker between 1001 1001 1000 and 1001

All tnmming pots are 100ppm/°C Cermet type 1001 1001.
Supply bypass capacitors are Ceramic or Tantalum

REFERENCE CIRCUITS REDUCTION OF STAND-BY POWER
1.22V BAND GAP REFERENCE 6.4V ZENER REFERENCE
USES EXISTING -5V SUPPLY REQUIRES -15V SUPPLY STANDBY/OPERATE

IN4572
100K

This reduces power consumption to
about 200uA during Standby

-15v
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0O V,_A“ n=ill @ Monolithic A/D Converters
[ll-l_":-‘. -~ with Three-State Outputs
| : ADC-ET Series

FEATURES
o Monolithic CMOS
o Three State Outputs
e To 12 Bit Accuracy
¢ No Missing Codes
e Low Cost
¢ Microprocessor Compatible

GENERAL DESCRIPTION

The ADC-ET series devices are low cost in-
tegrating A/D converters optimized for high
accuracy, linearity and noise immunity.
They operate at low power consumption,
with sufficient speed to handle most indus-
trial and instrumentation requirements. Dis-
cretely controllable three state outputs allow
bus organized output connections making
these units ideal for microprocessor inter-
facing.

Fabricated with monolithic CMOS tech-
niques, each device is housed in a single 24

START DATA —_—
REFERENCE CONVERSION BUSY VALID ENABLE
21).(22) (3 24

pindualin-line package. The converter con- T (D871

sists of an integrating operational amplifier, . { —DeiT2

comparator, current switch, internal clock, { | = Jr-—————————- | —(DeiTa

two counters, latching output buffers and E’:TTCZUETSl —(Deira

control logic circuitry. Operation of the cir- conTROL [T l —®eiTs

cuit requires only a few external passive yiey ! Tugee |—(O)BIT 6

g?é:zgn::;s sg\s é:rogns;;i‘;); 18 s:tzrrr;aé rr]ef; ANALOG (1) COMPARATOR | INTERNAL co?,ﬁ?éns ] :Dsg,oggs (D877
upplies. version i I -

accomplished by an incremental charge abjvar () - : ___,:::

balancing te(;hni_que which assures high lin- AMPLIFIER I —(1BiT 10

earity and noise immunity, along with inher- out & : L Deir 11

ent monotonicity resulting in no missing : —{(DeiT 12

codes. At the completion of a conversion, [ I

the binary coded result appears in parallel

form on discretely controlled latched out-

puts which are CMOS, low power TTL, or

low power Schottky TTL compatible. The

cpntr_ollable outputs may be SWitChed to a MECHANICAL DIMENSIONS

high impedance or off state by holding the INCHES (MM)

ENABLE high.

Conversion times are 1.8,6 and 24 msec. for CERAMIC PLASTIC

the_8. 10 and.1A2 bl} units respecu.velyA cher PACKAGE PACKAGE

typical specifications include linearity to ’

/2 LSB and a gain tempco of 25 ppm/°C. ) {500 . L 1265

The analog input voltage range is program- I‘u 138.1) 13| ] 2 ©1.9 13

mable by means of an external resistor NANAANANANNA T ANNNANAAAAAA

which sets the current into the integrator at DATEL DATEL ’

10 A full scale. Standard operating mode is 00 INTERSIL R A INTERSIL G

unipolar but bipolar cperation can be imple- | ADC-ET128BR L = ADC-ET8BC l

mented by using an external op amp to pro- PN L " AVAY SRV RVATAVRVRVRPRVRY,

vide an offset current from the reference. | eevt U UTUUUTUUUY [ 12

Power requirement is 5 VDC at 2 mA 20 2 IOENT. o e

which, for intermittent duty applications, &4 ) f—

may be reduced to only 200 uA during - ' I ?

standby periods without affecting data in the 100125 __T—f

output latches. T jetr0 : 4

CAUTION: These are CMOS devices and e o2 | l: pod o lgm iy

may be damaged by static diccharge. P '

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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SPECIFICATIONS, ADC-ET SERIES
(Typical at25 C, 5V Supplies, Rgias 100K, unless otherwise noted)

MAXIMUM RATINGS

7 +10 mA

FREF- -t e iieie e inneanns +10 mA

Digital input Voltage. ......... -0.3V to Vi, +0.3V
VDD-VSS:eerevenrennninnannnn 18V

Package Dissipation. ......... 500 mW

ANALOG INPUTS

Type Analoginput ........... Single Ended
Input Current Range......... 0 to +10 uA
ReferenceCurrent ........... -20 uA

DIGITAL INPUTS

Logical “1"ViN .. vvennnnnn 3.5V min
Logical “0"VIN...ccovvvvnnnnn 1.5V max.
Start Convert Pulse Width. .. .. 500 nsec. min.

ENABLE Propagation Delay. . . 500 nsec.

OUTPUTS
Output Off State Current. . .... 0.1 uA typ, 10 uA max.
Logic“1” Output Voltage. . .... +4.5V min at -10 uA
+2.4V min at -360 uA*
Logic“0” Output Voltage...... +0.4V max at 360 uA*
DataValidOutput ............ Hi for Data Valid, Lo When Loading
BusyOutput................. Hi During Conversion
PERFORMANCE
Resolution .................. 8,10, 12 Bits
Coding, Unipolar ........... Straight Binary
Bipolar............. Oftset Binary
Conversion Times
8Bits............. ...l 1.8 msec. max
10Bits ..........ccoviennte. 6 msec. max.
12Bits ........oiiiiiinna 24 msec. max.
Nonlinearity ................. +1/4 LSB typ., +1/2 LSB Max."'
Differential Nonlinearity ...... +1/4 LSB typ., £1/2 LSB max.
Diff. Nonlinearity Tempco..... +2.5 ppm/°C
No MissingCodes............ Over Operating Temp. Range

Initial Gain Error, (Adj. to Zero) 5% max.

Gain Temperature Coefficient. =25 ppm/°Ctyp,+75 ppm/°C max.?
Initial Zero Error (Adj. to Zero). +50 mV max.
ZeroDriftTempco............ +50 uV/°C max.?

Power Supply Sensitivity .. ... +0.05% / % max*

POWER REQUIREMENT
Volitage, Rated Performance. .. +5 VDC
Voltage Range, Operating..... *3.5VDC to +7 VDC
Supply Quiescent Current

CSuffix.................... +5.0 mA max.
RSuffix.................... +2.5 mA max.
MSuffix.................... £3.5 mA max.

PHYSICAL-ENVIRONMENTAL
Operating Temperature Range

CSuffix.................... 0°C to +70°C
RSuffix.................... -25°Cto +85°C
MSuffix.................... -55°C to +125°C
Package
CSuffix.................... 24 Pin Plastic DIP
R&MSuffix................ 24 Pin Ceramic DIP
NOTES:

1. Nonlinearity for model ADC-ET12BC only is typically +1/4 LSB, +1-1/2 LSB max.

2. For M suffix units only gain tempco is typically 40 ppm/°C, 80 ppm/°C max. and
zero drifttempco is 80 uV/°C.

3. Vpp 1V, Vss £V
4. M suffix logic outputs can sink and source 500 uA.

1. The ADC-ET series are CMOS devices and must be pro-
perly handled to prevent damage due to static discharge.
Proper anti-static precautions should be taken, including
storage and transport in anti-static containers or conductive
foam, and grounding of work stations, handling equipment
and personnel. Do not connect in circuits under “power on™
conditions. The input voltage should be applied after power
is on. Do not open circuit the zero adjust, reference or start
convert pins while the power is on. It should be noted that the
top and bottom of the ceramic package are connected to
the positive supply.

.Nominal values of input, reference and offset resistors are

given in the resistor table. Due to the possible +5% toler-

ance of the external reference and the +5%, -3% tolerance
of the converter scale factor, the actual resistor value can
vary by almost +10%. Rg and Ry in the diagrams are for trim-
ming gain and bipolar offset during calibration. It is recom-
mended that Rg be 1% of Ry (nominal) and that Ry be 1% of

Rorr (nominal). They should both be 100 PPM/°C cermet

trimming pots. The recommended procedure for selecting

Rin and Rorr is to set Rg and Ry to the center of their ranges

and choose a 1% metal film resistor which gives the closest

fit at the full scale point 1111....111 for R,y and one that
gives the closest fit to the zero scale point 0000 ...000 for

Rr.

To choose any intermediate scale values for Ry and Ry or

values of Reer for other reference voltages, use the follow-

ing formulas:
R (NOM)) = FSR FSR is full scale range or total input
N ( )= TOA  voltage span for the converter.

N

w

Rorr (NOM.) = VREE Reer (NOM.) = YBEE_
SuA 20uA
It is recommended that large full scale voltage ranges be
chosen, such as 0to +10V, 0to +5V etc., in order to keep the
error due to input offset voltage drift to a minimum.

4. The temperature stability of the ADC-ET converters de-
pends directly on the converter itself, Rin, Rrer. Rorr and
Vger. Since the converter is typically +25ppm/°C it is rec-
ommended that a 10ppm/ °C reference be used along with
10ppm/°C metal film resistors for Rin, Reer and Roge for
best performance over temperature.

5. Passive components used with the converter may have tol-
erances as indicated here: C. is a +20% ceramic capacitor;
Cint is @ £10% glass or ceramic capacitor; Re1, Reias and the
two zero adjust resistors are +10% carbon composition
type

6.1t is recommended that two 0.1 uF bypass capacitors be
used at the power supply pins as shown in the connection
diagram. Cinr should be connected as close as possible to
pins 14 and 15 and as far as possible from any noisy lines.

7. Logic signals should not be routed under these devices or
near the input, reference or zero adjust pins.

8. All digital outputs will drive two low power TTL loads or one

low power Schottky TTL load. The outputs should not be

overloaded as this will affect the performance of the con-
verter.

It should be noted that there is a propagation delay of ap-

proximately 500 nsec. between the time ENABLE changes

state and the time that the outputs change state.

10. For intermittent conversion applications the ADC-ET can be
configured to use only 200uA during standby. In this mode
the op amp and internal clock are shut down but data at the
output latches remains available. See application diagram.

11. Two's complement coding can be implemented by inverting
the MSB signal.

12. Iy and lger, pins 14 and 13 respectively, connect to the sum-
ming junction of an operational amplifier which requires a
current input. Voltage sources cannot be attached directly
to them, but must be buffered by external resistors. Refer to
Test Circuit Diagrams. Analog input can be any positive volt-
age when applied through the proper scaling resistor.

13. Conversion accuracy is directly dependent on Veaer. In order
to avoid degrading accuracy, Vaer voltage regulation must
be +.04% for 8 bit models, +.01% for 10 bit models and
+.0025% for 12 bit models.

©
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DESCRIPTION OF OPERATION

When the START CONVERT input is strobed with a positive pulse
of at least 500 nsec. duration, the busy line latches high and a
start up cycle of approximately 10 usec. begins, during which the
integrating capacitor is discharged and both counters are reset.
Conversion begins at the end of an internal reset pulse.

During conversion, the sum of a continuous current, Iy and
pulses of an inversely signed reference current lger, is integrated.
I is proportional to the analog input voltage and Ier is propor-
tional to the reference voltage. A pulse of lrer is applied as re-
quired to maintain the summing input of the integrating op amp
near zero. The total number of pulses of ler required to maintain
the summing input near zero is counted and the binary coded re-
sult is latched into the outputs at the end of conversion.

The end of conversion is signaled by a pulse generated by the

clock counter or by the data counter when an overflow condition’

occurs; this pulse disables further inputs into both counters and
begins a 10 usec. shutdown cycle. During the shutdown cycle,
Data Valid goes low for 5 usec., while the result of the latest con-
version is being transferred to the outputs. Until transfer is com-
plete, the data at the outputs is not valid. At the end of the shut-
down cycle, Data Valid goes high indicating that the outputs are
latched with the result of the last conversion, and the Busy Output
goes low indicating the completion of the conversion cycle and
the availability of the converter for the next conversion.

When the converter is employed in a free-running mode, the
START CONVERT input is held high (simply connect pin 21 to pin
19), the Busy Output will go low for approximately 2.5 usec. to
mark the completion and initiation of consecutive conversion cy-
cles. It should be noted that once conversion is initiated, the cycle
cannot be interrupted; the START CONVERT pin is disabled when
the Busy Output is high, and thus its logic state has no effect until
completion of the conversion cycle. After the completion of a con-
version, the output data remains valid for as long as power is ap-
plied to the circuit, or until Data Valid goes low at the end of a con-
version.

TIMING DIAGRAMS

CLOCKED OPERATION

NEXT CONVERSION
AVAILABLE

H e e e -
(s:g:ﬁém ﬂ w&';f;fc- START CONVERSION DISABLED
Lo -

BUSY |

CONVERSION TIME

— 7 e
.Susec.
s — RedVCie

300nsec.

r
CONVERTING
RESET 10usec. ) SHUT DOWN 10usec.

DATA
VALID

§9

A.L__}fzs,m.

DATA
out

DATA FROM LAST CONVERSION LATCHED
pa

NEW DATA
LATCHED

DATA CHANGING —

——»| 500 nsec.

1
il

FREE RUNNING OPERATION

START
CONVERT

BUSY

CONVERSION TIME
1/

| RECYCLE
TIME
2.5usec.

DATA
VALID

5%

__|__I._5um

DATA
ouT

7
DATA FROM LAST CONVERSION LATCHED
! L

V/,

NFW DATA
LATCHED

T
DATA CHANGING-———' —»| ja— 500 nsec.
I

RESISTOR TABLES

CODING TABLES

STRAIGHT BINARY
UNIPOLAR BIPOLAR Rin 8 BIT 10 BIT 12 BIT
RANGE RANGE (NOMm,) SCALE [0TO+10v] CODE |0TO+10V] CODE | 07O +iov CODE
0 TO +2v 1V 200K FS-1LSB | +9.96V | 11111111 | +9.990V | 111111 1111] +9.9976V | 1111 1111 1111
% FS +5.00 10000000 | +5.000 | 1000000000| +5.0000 ‘| 1000 0000 0000
07O =SV 25V S00K 1Ls8 +004 | 00000001 | +0.010 | 000000 0001| +0.0024 | 0000 GO0 0001
0 TO +10V 5V 1 MEG o 000 | 00000000 | 0000 | 0000000000 00006 | 0000 0000 0000
0 TO +20V +10V 2 MEG. )
OFFSET BINARY
Reer Rorr 8BIT 70 8IT BT
Vrer (NOM.) (NOM.) SCALE 5V CODE 15V CODE 5V CODE
-1.22V 61K 244K FFS-1 LSB +4.96V ARRRIRR AR +4,990V 111111 1111 +4.9976V 1111111 11
0 0.00 10000000 | 0000 | 1000000000 0.0000 | 1000 0000 0000
-25V 125K 500K LFS +1LsB | -4.96 0000 0001 | -4.990 | 0000000001| -4.9976 | 0000 0000 0001
6.4V 320K 1.28 MEG. LFs -500 | 00000000 | -5000 | 0000000000| -5.0000 | 0000 0000 0000
INPUT/OUTPUT CONNECTIONS ORDERING INFORMATION
PIN FUNCTION PIN FUNCTION OPERATING
1 | BIT 1 (MSB-12 BITS) | 13 | REFERENCE MODEL TEMP. RANGE PACKAGE
2 {BIT2 14| ANALOG INPUT ADC-ET8BC 0°C t0 +70°C Plastic
3 | BIT3(MSB-10BITS) | 14 | AMPLIFIER OUT ADG-ETS8BM 559G 10 +1255C Ceramic
4 BIT 4 16 | ZERO ADJUST )
5 BIT 5 (MSB-8 BITS) 17 BIAS ADC-ET10BC 0°Cto +70°C Plastlc‘
6 | BIT6 18 | -5V POWER ADC~ET1OBM -55°C to +125°C Ceramic
7| BIT7 19 | +5V POWER ADC-ET12BC 0°C to +70°C Plastic
8 [ BIT8 20 | GROUND ADC-ET12BR -25°C 10 +85°C Ceramic
9 | BITY 21 | START CONVERT ADC-ET12BM -55°C to +125°C Ceramic
10 BIT 10 22 | BUSY QUTPUT
11 BIT 11 23 DATA VALID
12 BIT 12 (LSB-ALL) 24 ENABLE
NOTE: )

Do not connect unused data output pins on 8 and 10 bit models.
they are internally connected to the converter.

THESE CONVERTERS ARE COVERED UNDER GSA CONTRACT

22C



CONNECTIONS AND CALIBRATION

CONNECTION FOR UNIPOLAR OPERATION CONNECTION FOR BIPOLAR OPERATION

Rin. Rrer are 1% Metal Film resistors. Rin. Rrer. Rore and the two 20K resistors are

Reias:Rc are 10% Carbon Comp resistors. 1% Metal F'l,m types.

Ce is 20% Ceramic capacitor All other re&stors are 10% Carbon Comp. type.

Zero Adjustment resistors are 10% Carbon Comp. CC:C 'sizofé’ogz;rg'scof%):g:g;é capacitor

All trimming pots are 100 ppm/°C Cermet type. revoe -svDe Alllmtrimming bots are 100ppm/°C Ce?met type. $voC =svoe

Supply bypass capacitors are Ceramic or Tantalt

Cint is 10% Glass or Ceramic capacitator. Supply bypass capacitors are

MFI T R Ceramic or Tantalum.
OIONO)

- Vaes 73 ~Vaee AAANA- 0

CURRENT
SWITCH

CURRENT
SWITCH

GAIN ADJ
Ro

ANALOG
INPUT

A
GAIN ADJ 62

COMPARATOR sv oF l
=

INTEGRATOR

)
0 INTEGRATOR
@)

START START @
CONVERT

CONVERT

J

REFERENCE CIRCUITS
1.22V BAND GAP REFERENCE 6.4V ZENER REFERENCE
REDUCTION OF STAND-BY POWER USES EXISTING -5V SUPPLY  REQUIRES -15V SUPPLY

STANDBY/OPERATE

IN4572

-6.4Vv

100K
82K

This reduces power consumption to
about 200uA during Standby

15V
CALIBRATION PROCEDURE LOW COST MICROPROCESSOR A/D, D/A INTERFACE
ANALOG OUTPUT 8BITD A CONVERTER
e, DAC uP8B LOAD

1.Connect the converter as shown in the connec-

tion diagrams for either unipolar or bipolar opera- RS SAMPLE HOLD

tion. Determine the input voltage range and se-

lect the required input resistors. Apply a logic Hi CH1 o=

to the start convert input (pin 21) to give free- CH2 o—

running operation. CH3 0= g CHANNEL SHM CONVERTER

CH4 o—ro MUX Ic1 ADC
CH5 o—r] MV808 ET8B

2.Zero and Offset Adjustments. Apply a preci- cHe o

sion voltage reference source from the analog in- eH7 o

put resistor to ground. Adjust the reference CHe o—

source to zero + '%»LSB for unipolar operation or

-FS + 1, LSB for bipolar operation. Adjust the zero DATA 1/0 BUS

or offset potentiometer so that the output code BUSY

flickers between 000 .... 000 and 000 .... 001. DATA VALID

QUTPUT ENABLE
INITIATE. CONVERSION

3.Gain Adjustment. Set the output of the ref- SAMPLE CONTROL MICROSABCESSOR

erence source to +FS-115, LSB and adjust the CHANNEL ADDRESS CONTROL

gain trimming potentiometer so that the output

code just flickers between 111 ... 110and 111

. 11 MUX INHIBIT CONTROL
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TYPICAL PERFORMANCE CURVES :

CONVERSION TIME ! CONVERSION TIME
vs. R gjas y vs TEMPERATURE
=== i NI
—Ta = 25°C 131—-Vop = SV
w ___VDD = 5V g 1.2 VSS =-5V
= = —Vsgg =-5V Pa az- ]
aF — V¢ T A oF
NZ g ,1 5 g 11
22 v 5 "
s2 1 Sa 1
o o« o ow /,
o g - o> /
44 Z2Z 9
o P (o]
o © 8
7
A ; v
-55 -25 0 25 50 75 100 125
10K 100K M : .
Rg|as(OHMS) TEMPERATURE (°C)
SUPPLY CURRENT
CONVERSION TIME ‘
vs. SUPPLY VOLTAGE vs SUPPLY VOLTAGE
16 - 7 !o
15 \\ Ta = 25°C—] o Ta = 25°C
w 1.4 \'S
2 43
aF 12 5 v
NZ 1) \ 5 /
-4 O N S 4
<5 10 7] /
2z 9 2 4 /
2z 7 8 “
S s ‘ T2 ‘
7
.3 ; »
2 3 4 5 6 7 8 : 02 3 4 5 6 7 8
VDD =VsS(VOLTS) VDD =Vss(VOLTS)
SUPPLY CURRENT SUPPLY CURRENT
" vs R Bias vs TEMPERATURE
N 2.2 .
Vpp = 5V
Vv =-5V
~ i 2 2 SS
< s 13 \
E 2 N
8 1 L{’ 1.8 \\
& |[ETa = 25°C 8 ~_
= [ Vpp = 5V 1.6
| Vss =-5V
1.4
A '
-55-25 0 25 50 75 100 125
10K Rgia ;?é’ﬁms) ™ TEMPERATURE("C)
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TYPICAL PERFORMANCE CURVES

OUTPUT SOURCE CURRENT OUTPUT SOURCE CURRENT
vs TEMPERATURE g, Vs SUPPLY VOLTAGE
Vpp = 7V
5 7 Vss =—7VH
_ i 55°C - P
? 45 6 VpD = 5V
= TTHTIINN = __
S 4 25°C \\ S oSS \\
~ - LI
I, \ I, VpD ;;-SLV‘\ h
- 125°C \ o Vs =—3.5V N
3 —vop = sv X 3 N \T
25} Vss = -5V 2 \
A 1 10 A 1 10
I0H(MA) IOH(MA)
OUTPUT SINK CURRENT ' OUTPUT SINK CURRENT
vs TEMPERATURE vs SUPPLY VOLTAGE
15 15
Vpp = 5V IR
— 1.25 VSS :—5V VDD = 5V
e R, 21 ves v
3 10 2sc ] || = ol L L L1
E IHH / > Vpp = 3.5V }
[ _g§Eo0 R
3 75 125°C 55°C S 75— Vgs =-3.5V
: il : i
5 ; 5 /
4 / V4
25 // : 25 v 4 'r// pD = 7V
% T LA
== -ty Vgs =-7V
oﬁ 0 — S =Y
A 1 10 A 1 10
loL(mA) loL(mA)
LINEARITY Vs Iggf THREE-STATE PROPAGATIO
DELAY '
3 ICI T1 : 1.3
Aain P
& 2 68sF liw Al o 12
= 150pF...,_T, g 11 : ,/
g 1 - 300pF . &
2 5 33pF IR \/ o > 1.0
- u‘ < -
Y mE)-iae” 83 )
> -5 g A 20 9 Vpp = 5V
= / CINT < v __
g ! T 68pF Z 3 Vss =-S5V
l.<u -2 :::150PF g
z 1] 7
S = 300pF .
3 [ 11 i
2 5 10 20 50 100 200 500 55-25 0 25 50 75 100 125
IREF(:A) TEMPERATURE (°C)

Santa Ana, (714)835-2751, (L.A.) (213)933-7256 e Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-84980
nm\ H‘E‘%HL  Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
¢ DATEL SYSTEMS SARL 602-57-11 ® DATELEK SYSTEMS GmbH (089)77-60-95 » DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

' Printed in U.S.A. Copyright © 1980 Datel-Intersil, Inc. All rights reserved.
E 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
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3 DJ/AN=L, "A°7|'> CosJ g /BAltc Mono:Itthlc
., m\ n‘[__—% an onverters
| I Models ADC-MCSBC,

ADC-MCSBM

FEATURES

Low Cost

8 Bit Resolution

Internal Reference

Single Supply Operation
Multifunction-A/D-D/A

Full Mil Temp. Range Available

GENERAL DESCRIPTION

The ADC-MC8B is an 8-bit monolithic
multifunction A/D-D/A converter with
single +5 Volts supply operation. This
device is a complete D/A converter which
can be configured as an A/D converter by
using the internal binary counter and two
external IC’s (311 comparator and a 74132
quad 2-input Schmitt trigger NAND gate).

The ADC-MCB8B consists of eight current +vee () i

switches, a specially designed ladder net- [ R-2R Latter H@ ANG OUT
work using diffused resistors, a precision Veer 0UT () | I O I A

+2.5V reference, an eight bit binary | Sivitches l““@v“""
counter and a logic input select switch. crouno () ) oir 1 s
This feature allows a single control signal = aira

to determine whether the switches

accept the output from the binary ers
counter (A/D MODE) or external digital ) 8T
inputs (D/A MODE). ors

9
. 7) BIT6
The . converter can be used with the 2 877
internal reference to give an output =

voltage range of 0 to +2.5V or connected

BIT8(LSB)

to an external reference for a 0 to +3.0V [ Logic input Select Switch

range. Full scale settling time is 2.0uS Losicserect (2 E I I[ 1 { 1 ILI { 1 # I } ]

MAX for the voltage output mode. Using —L

the device as a counter-comparator A/D, s’“"“E@_—“{ 8Bt Binary Counter

a full scale conversion time of 500 »S can e S i | I (3) neser
be achieved.

The ADC-MC8B is ideal for such applica-
tions as complete low cost D/A’s, multi-
plying D/A’s, low cost A/D’s and preci- ‘
sion ramp generators. MECHANICAL D ,

‘This converter is available in two CAL DIMENSIONS INPUT/OUTPUT CONNECTIONS

WE8IIN-2aV ‘DOE8JN-0AV SISPOIN  S419149AU0D V/A Pue a/V J1YHIOUO| )i 8 ‘4509 Mo

operating temperature ranges. The ADC- INCHES (MM)
MC8BC (0°C to 70°C) is packaged in a
plastic 16 pin DIP and the ADC-MC8BM ® 5 W w2 s
g—efg:ictg';ﬁyc) is packaged in a [EEc=r s e e PIN | FUNCTION PIN | FUNCTION
: A et |osemax [1__| GROUND 9 |BITS
2 LOGIC SELECT [10 [BIT 4
PINT "m:n:mtrm—z:m- 3 RESET 11 _|BIT3
PP e TR 4| STROBE 12_|BIT2
0% 5 | BIT 8 (LSB) 13 TBIT 1(MSB)
, S | 6 |BIT7 14__| ANG OUT
| (20.32) 1 7 BIT 6 15 | VRerIN
:i 0.!3{’)(3,30] MAX 8 + Vee 16 VRerOUT
—

—
SEATING 0.135(3,43) MAX

" PLATE
“| -»”.- 0. 018
o

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, MODEL ADC-MCB8B (Typical at 25°C, + 5V supply unless otherwise noted)

MAXIMUM RATINGS

Supply Voltage, Vcc
Digital Input Voltage . . . . . .. . |
Reference Input Voltage . . . . .

ADC-MC8BC. ADC-MC8BM

+7.0V
+5.5V
+5.5v

A/D PERFORMANCE

INPUT/OUTPUTS

Coding, unipolar . . . ........
Coding, bipolar

Input Logic Level,
BtON(“1)...............
Input Logic Level,
BitOFF(0")..............
Output Logic Level, “1”. . .. ..
Output ic Level, “0”. . . . ..
ic Loadin
Parallel Output Data

Straight Binary
Offset Binary
Oto +3V
+2.55V,

+2.0V min.

+0.7V max.

+2.4V min.

+0.4V max.

1 TTL load
12 Parallel lines of data held until
next convert command.

ADC-MCS8BC ADC-MC8BM

Analog Input Range . . ... ... Dependent on values of R,& R
log Inp (See Range Select Chart) ’

Resolution . .............. 8 Bits (1 part in 256)

Nonlinearity .............. +1/2LSB

Differential Nonlinearity . . . . . +1/2LSB

ConversionTime. . ......... 500uS max.’

POWER REQUIREMENT
Supply Voltage . .. ......... +5.0V +10%
Supply Current . ........... 30 mA typ., 40 mA max.

REFERENCE

VR[.’F oUT
Vr:r Tempeo

+2.55V
+40 ppm/°C

PHYSICAL-ENVIRONMENTAL

Operating Temperature Range
Storage Temperature Range

0°Cto 70°C -55°C to +125°C

-55°C to +125°C

Package Type

16 Pin Plastic 16 Pin Ceramic

D/A PERFORMANCE

Resolution
Output Voltage Range
Output Resistance
Nonlinearity
[ZJéﬂeremial Linearity Error. . . .

Nonlineanty Tempco
Monoticit
Settling Time, full scale
changeto12LSB..........
Settling Time, 1 LSB change
to 1/2LSB

8 Bits (1 part in 256)
Oto +3.0v*
10K Ohms

NOTES: 1.

Internal Reference requires .22 uf stabilization

capacitor between Pin 1 and 16.

~>oonN

+70°C

0 to +2.55V when using internal reference
+1/2 LSB max. nonlinearity from 0°C to +70°C
x1/2OLSB max. differential nonlinearity from 0°C to

5. See Graph CONV. TIME vs VIN

+1/2 LSB max. +1LSB max.’
+1/2 LSB max. +1/2LSB* -

3ImV 8mV
01%
5uVI'C
3ppm/'C
7.5ppm/'C
Guaranteed 0°C to +70°C
2uS

1uS

ORDERING INFORMATION

OPERATING
MODEL TEMP. RANGE CASE
ADC-MC8BC 0to 70°C Plastic
ADC-MC8BM -55°Cto +125°C Ceramic

Trimming Potentiometers:

TP2K and TP10K are available from

Datel-Intersil
THE ADC-MC8BC and ADC-MC8BM ARE COVERED BY GSA

CONTRACT
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' A/D CONVERTER

THEORY OF OPERATION ' CALIBRATION PROCEDURES
A negative going pulse on the START line will reset counter 1. Connect converter as shown in connection diagram.
to all zeros and enable the clock. If the DAC’s output is less Apply continuous start commands to the START input.
than ANG IN, the counter is incremented and DAC’s output
increases by one LSB. These comparisons contin_ue qntil 2. ZERO ADJUSTMENT—Ground analog input. Vary
DAC'’s output is equal to the analog signal, at which time ZERO ADJ. potentiometer until LSB flickers between
the EOC goes low (Logic “0”) indicating that the digital out- logic “1” and “0” with all other bits at logic “0”.
put data is valid. Maximum clock frequency is 512 kHz. This
may be varied by using different values for R and C. 3. GAIN ADJUSTMENT—Apply FS-1/2 LSB to ANG IN.
Full Scale voltage may also be changed by setting R,and R, Vary GAIN ADJ. potentiometer until LSB flickers be-
to desired gain function. tween logic “1” and “0” with all other bits at logic*1”.
1% Metal Film resistors and 100 ppm/°C trim pots are
recommended for best performance over temperature.

8 BIT AID CONVERTER

i
-22uF GAIN 5K

_*_“__J ADJ ?

AH abc-
MC8B

DIGITAL
OUTPUT 8 9 "l
Ry % 10K
ov

ANGIN(0to +10V)

+5)

O START O E.0.C. O STROBE
RANGE SELECT Conversion time — 500uS MAX
FSR | Ry Feik = 512KHZ
10v 10K
5v 15K R = 5609
25V | 30K ¢ = 2200pF
AID TIMING DIAGRAM
START
CONVERT :{_l‘—ISOnS min
E£0.C CONVERT DATAVALID l

CLK
out l | l I l I [ I

STROBE

Counter reset, all bits to logic 0"

COUNTER-COMPARATOR A/D CONVERSION TIME VS. VIN
ANALOG .
INPUT + COMPARATOR
£s
oA i 3/4FS A
— SFs) g
DIGITAL g vin /
OUTPUTS 1/2FS - //
[eomasa L o] ax | e 7
T CLKRATE 174FS //
START CONVERT . '._/Zm By

T
100uS 20048 300uS 400uS 500uS
CONVERSION TIME

MAX CONVERSION TIME — 500uS  FCLk = 512KHz.
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D/A CONVERTER

> AINTERSIIL

THEORY OF OPERATION CALIBRATION PROCEDURE
Vout is directly proportional to digital input. R, should be Connect converter as shown in connections diagram.
kept >2650K Ohms to assure good T.C. To remove offset Apply continuous start commands to the START input.
voltage and calibration of converter, a buffer amplifier is
necessary. The sources impedance of the inverting input Set all bits to logic “0” and vary ZERO ADJ. potenti-
should be approximately 6K Ohms to minimize temper- ometer unti! Vout is equal to zero volts.
ature drift.
1% Metal Film resistors and 100 -ppm/°C trim pots are Set all bits to logic “1” and vary GAIN ADJ. potenti-
recommended for best performance over temperature. For ometer until Vout = Nominal F.S.- 1 LSB
best settling time, a fast buffer amplifier is required (DATEL LSB = FSR
-INTERSIL'S AM-452). "~ 256
BASIC D/A
WITH OUTPUT BUFFER
+5V <—r 0A2I2[yF
I
+15Vv
—1 16
— 2 15
<«— Rsource = 10KQ N
3 14 +
ANG OUT
(sB) 4 ADC- 4 07O +25vV | 741¢C VOUT (0 TO +10V)
B8 5 Mess _
1
BIT7 o 6 1 10K ds
BIT6 o 7 10 ZERO ADJ f
8 9 © —15v R
DIGITAL _| GAIN = 1 +~R2‘—
INPUTS BITs
BIT4 o
BIT3 o—
BIT2 R2
BIT1
msB) O~
-O
\V4
PRECISION RAMP GENERATOR MULTIPLYING D/A
+5V 2uf Lsv Vagr (0= +3V)
L_/\}f/\,_’_ ; :2 [3 ‘j ANG OUT
CLOCK -E SADC- " wse) + ADC- 1 Vour
et - 1smcss 1, * MCsB
nnr 4s n K "
47 10 7 w’—}
8 9 8 9
o chr=(74:—;}(ANGOUT)
Printed in U.S.A. Copyright © 1979 Datel-Intersil, Inc. All rights reserved
ﬂ: 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213)933-7256 e Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490

® Houston, (713)781-8886 ¢ Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD~TEL: ANDOVER (0264)51055
® DATEL SYSTEMS SARL 602-57-11 ¢ DATELEK SYSTEMS GmbH (089)77-60-95 « DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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FEATURES

¢ 16 bit binary three-state latched outputs plus
polarity and overrange. Aiso 14 bit version.

¢ ldeally suited for interface to UARTS,
microprocessors, or other complex circuitry.

* Conversion on demand or continuously.

¢ Handshake byte-serial transmission synchronously‘

or on demand. :
e Guaranteed zero reading for zero volts input.
* True polarity at zero count for precise null detection.
Single reference voltage for true ratiometric
operation.
Onboard clock and reference.
Auto-Zero; Auto-Polarity
Accuracy guaranteed to 1 count.
All outputs TTL compatible.
+10V analog input range
Status signal available for external sync, A/Z in
preamp, etc.

+15V. -~ -15V

COMP.

8052/8068
+INT IN | 12
________ {9 —————

| sw4 sws [ sw2
ANALOG _ 432 ZERO.
INPUT Sw7 Ls~—o-¢-{ crossING
! swi DETECTOR
| Swo
135
ANALOG 4 g

eN N Ty O
REF REF }
CAP J CAP

Figure 1: .8068A /7104 16/14

comp l

ADC-8068A/ADC-7104 Pair

16/14 Bit Binary A/D
Converters for  Processors

GENERAL DESCRIPTION

The ADC-7104, combined with our model ADC-8068,
forms a member of DATEL-INTERSIL’s high perfor-
mance A/D converter family. The 16-bit version,
ADC-7104-16 performs the analog switching and digi-
tal function for a 16-bit binary A/D converter, with full
three-state output, UART handshake capability, and
other outputs for a wide range of output interfacing.
The ADC-7104-14 is a 14 bit binary member of this se-
ries. The analog section, as with all DATEL-INTERSIL’s
integrating converters, provides fully precise Auto-
Zero, Auto-Polarity (including +0 null indication), sin-
gle reference operation, very high input impedance,
true input integration over a constant period for max-
imum EMI rejection, fully ratiometric operation, over-
range indication, and a medium quality built-in refer-
ence. The chip pair also offers optional input buffer
gain for high sensitivity applications, a built-in clock
oscillator, and output signals for providing an external
Auto-Zero capability in preconditioning circuitry, syn-
chronizing external multiplexers, etc. The basic sche-
matic connections are shown in Figure 1.

e e BITS
ORPOI 51413121110 876 54

SadaddacitetEtuoGaa

|
THREE STATE OUTPUTS :
|

IO, T
|

| LATCHES

LTPTTEITTIE ]z comn

l— COUNTER

CONTROL LOGIC

+15v +5V

é1__ L __éw ézs &26 é:! J * NB 16 bit
version shown
-15V  CLOCK CLOCK STTS
1) )

Bit A/D Converter Functional Block Diagram

S40S55390.4d" 10} SA9)19AU0D A/V Aseulg NE b1/91 41Bd POLLTO1/89087101 41ed ¥O1L-2AV/VE8908-2AV -

ORDERING INFORMATION

MODEL*

DESCRIPTION PACKAGE

ADC-7104-14C

14 Bit Digital Section . 40 pin Epoxy DIP

ADC-7104-16C

16 Bit Digital Section 40 pin Epoxy DIP

ADC-8068AC

Analog Input Section 14 pin CerDIP

*Two chip A/D converter, requires ADC-8068AC and either ADC-7104-14C or ADC-7104-16C for complete function.

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD. MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/ TLX 951340
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8068/7104
ABSOLUTE MAXIMUM RATINGS

Power Dissipation{(Note1) ....................... 500 mW
Storage Temperature .................. -65°Cto+150°C
8068 7104
SupplyVoltage ...t +18V V+ Supply (GND to V) L. 12
Differential Input Voltage(8068) ................... 30V V++toV- ..o S 32
Positive Supply Voltage (GND to V++) ............... 17
InputVoltage(Note2) ..................cooiin.. +15V Negative Supply Voltage (GND toV-) ................ 17
Output Short Circuit Duration, Analog Input Voltage (Pin 32-39) (Note 4) .......... V+to V-
AllOutputs (Note3) ...............oooviiin, Indefinite Digital InputVoltage .............c.covvuueunn.. V++0.3V
Operating Temperature .................... 0°Cto+70°C (Pins 2-30) (NOte5) ........ovvvieieinnnns. GND-0.3V

Lead Temperature (Soldering, 60 Sec.)

Note 1: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below
+70°C. For higher temperatures, derate 10mW/°C.
Note 2: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: Short circuit may be to ground or either supply. Rating applies to +70°C ambient temperature.

Note 4:

Input voltages may exceed the supply voltages provided the input current is limited to +100uA.

Note 5: Connecting any digital inputs or outputs to voltages greater than V+ or less than GND may cause destructive device latchup. For this

reason it is recommended that no inputs from sources not on the same power supply be applied to the ADC-7104 before its power supply

is established.

*COMMENT: Stresses above those listed under “Absolute Maximum Ratings™ may cause permanent damage to the devices. This is a stress rating only and
functional operation of the devices at these or any other conditions above those indicated in the operational sections of the specifications is notimplied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

7104 ELECTRICAL CHARACTERISTICS (V+ = +5V, V++ = +15V, V- = -15V, Ta = 25°C)

CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX UNITS
Clock Input CLOCK 1 liN Vin = +5V to OV +2 +7 +30 uA
Comparator /P COMP IN (Note 1) N Vin = 0V to +5V -10 +0.001 +10 nA
Inputs MODE liH Vin = +5V +1 +5 +30 uA
with Pulldown lie Vin = 0V -10 +0.01 +10 uA
Inputs SEN, R/A IiH Vin = +5V -10 +0.01 +10 uA
with CBEN, MBEN, | (Note 2 [ Vin = 0V -30 -5 -1 uA
Pullups HBEN, CE/LD
Input High Voltage All Digital Inputs ViH 2.5 20 — \
Input Low Voltage All Digital Inputs Vie 1.5 1.0 Vv
Digital LB EN VoL loL = 1.6 mA — .27 4 )
Outputs MB EN (16 only) Note 3 VoH lon = ~10uA 4.5 — \
Three-Stated HB EN VoH loH = —240uA 24 35 — Vv
On CE/LD
BIT n, POL, OR
Digital BIT n. POL, OR ILo 0 - Vout = V+ -10 +.001 +10 nA
Outputs
Three-Stated Off
Non-Three-State STTS VoL loL = 3.2 mA — .3 .4 \
Digital VoH loH = —400uA 2.4 3.3 — Vv
Output CLOCK 2 VoL loL = 320uA 0.5 Vv
VoH loH = -320uA 4.5 \
CLOCK 3 -14 ONLY VoL loL = 1.6 mA .27 4 Vv
Vo lon = -320uA 2.4 3.5 \
Switch1 RpsON — 25k [}
Switches 2,3 *RosON — 4k 20k 0
Switch Switches 4,5.6,7.8,9 RpsON — 2k 10k Q
Switch Leakage IDOFF — 15 pA
Clock Clock Freq. (Note 4) DC 200 400 kHz
Supply +5V Supply Current I+ Freq. = 200 kHz 200 600 uA
Currents All outputs high impedance
+15V Supply Current I++ Freq. = 200 kHz .3 1.0 mA
-15V Supply Current I- Freq. = 200 kHz 25 100 uA
Supply Voltage Logic Supply v+ Note 5 4.0 +11.0 v
Range Positive Supply V++ +10.0 +16.0 v
Negative Supply V- -16.0 -10.0 v

Note 1: This spec applies when not in Auto-Zero phase.

Note 2: These specs apply when these pins are inputs i.e. the mode pin is low, and the 7104 is not in handshake mode.
Note 3: These specs apply when these pins are outputs, i.e. the mode pin is high or the 7104 is in handshake mode.
Note 4: Clock circuit shown in Fig. 12 or 13.

Note 5: V+ must not be more positive than V++.
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8068/7104

ss otherwise specified)

8068 ELECTRICAL CHARACTERISTICS (Vs = 15V unle:

8068A

CHARACTERISTICS CONDITIONS| MIN | TYP | MAX | UNITS

EACH OPERATIONAL AMPLIFIER : -
Input Offset Voltage Vem = 0V 20 65 mV
Input Current (either input) (Note 1) | Vcm = 0V 80 150 pA
Common-Mode Rejection Ratio Vom = +10V 70 90 dB ..
Non-Linear Component of Common-
Mode Rejection Ratio (Note 2) Vem = 2V 110 .
Large Signal Voltage Gain RL =50k} 20,000 V/V
Slew Rate 6 V/us
Unity Gain Bandwidth 2 MHz
Output Short-Circuit Current 5 10 mA
i COMPARATOR AMPLIFIER
Small-signal Voltage Gain RL = 30kQ) V/V
Positive Output Voltage Swing +12 +13 \
Negative Output Voltage Swing 20 | -26 Y

VOLTAGE REFERENCE

Output Voltage 1.60 1.75 1.90 Y
Output Resistance 5 ohms
Temperature Coefficient 40 ppm/°C
Supply Voltage Range +10 +16 \
Supply Current Total 8 14 mA

Note 1:

32C

Note 2:

The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction tempera-
ture, Ty. Due to limited production test time, the input bias currents are measured with junctions at ambient temperature. In normal
operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Ty =Ta +6jA Pd
where 6jA is the thermal resistance from junction to ambient. A heat sink can be used to reduce temperature rise.

This is the only component that causes error in dual-slope converter.




8068/7104

SYSTEM ELECTRICAL CHARACTERISTICS: 8068/7104
(V++ = +15V, V. = +5V, V_ = 15V Clock Frequency = 200KHz

8068A/7104-14 8068A/7104-16
CHARACTERISTICS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
. Zero Input Reading Vin = 0.0V -0.0000 | +0.0000{ +0.0000 | —0.0000 | +0.0000 | +0.0000 | Hexadecimal

Full Scale = 4.000V Reading

Ratiometric Reading (1) Vin = VRet 1FFF 2000 2001 7FFF 8000 8001 | Hexadecimal
Fuli Scale = 4.000V Reading

Linearity over + Full Scale

(error of reading from -4V . Vin = +4V 0.5 1 0.5 1 LSB

best straight line)

Differential Linearity

(difference between worse -4V = Vip = +4V .01 .01 LSB

case step of adjacent counts

and ideal step

Rollover error (Difference in

reading for equal positive & |-Vin = +Vin = 4V 0.5 1 0.5 1 LSB

negative voltage near full

scale)

Noise (P-P value not Vin = QV

exceeded 95% of time) Full scale = 4.000V 2 2 uV

Leakage Current at Input (2} | Vin = OV 100 165 100 165 pPA

Zero Reading Drift Vin = 0V 0.5 2 0.5 2 uv/eC
0°C = Ta= 70°C

Scale Factor Temperature (3) | Vin = +4V

Coefficient 0= Ta = 50°C 2 5 2 5 ppm/°C
(ext. ref. 0 ppm/°C)

Note 1: Tested with low dielectric absorption integrating capacitor.

Note 2: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction tempera-
ture, Ty. Due to limited production test time, the input bias currents are measured with junctions at ambient temperature. In normal
operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Ty=Ta +6jA Pd
where fjA is the thermal resistance from junction to ambient. A heat sink can be used to reduce temperature rise.

Note 3: The temperature range can be extended to 70° C and beyond if the Auto-Zero and Reference capacitors are increased to absorb the

high temperature leakage of the 8068. See note 2 above.
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Figure 2: Direct Mode Output Timing
TABLE 1: Direct Mode Timing Requirements
SYMBOL DESCRIPTION MIN TYP MAX UNITS
tBEA XBEN Min. Pulse Width 500 E
Data Access Time )
tbaB from XBEN 200
Data Hold Time
tDHB from XBEN 200 ns
tCEA CE/LD Min. Puise Width 500
Data Access Time
tbAC from CE/LD 200
Data Hold Time
toHC from CE/LD 200
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TABLE 2: Handshake Timing Requirements

NAME DESCRIPTION MIN TYP MAX UNITS
tMw MODE Pulse (minimum) 20

tsm MODE pin set-up time -150

tME MODE pin high to low Z CE/LD high delay 200

tmB MODE pin high to XBEN low Z (high) delay 200

tcEL CLOCK 1 high to CE/LD low delay 700 ns
tCEH CLOCK 1 high to CE/LD high delay 600

tcaL CLOCK 1 high to XBEN low delay 900

tcaH CLOCK 1 high to XBEN high delay 700

tcoH CLOCK 1 high to data enabled delay 1100

tcoL CLOCK 1 low to data disabled delay 1100

tss Send ENable set-up time =350

tcez CLOCK 1 high to XBEN disabled delay 2000

tcez CLOCK 1 high to CE/LD disabled delay 2000

CLOCK 1 (PIN 25)

EITHER:
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OR:
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TABLE 3: Pin Assignment and Function Description

PIN | SYMBOL | OPTION DESCRIPTION PIN SYMBOL DESCRIPTION
1 V(++) Positive Supply Voltage 25 | CLOCK1 Clock input. External clock or oscillator.
Nominally +15V 26 CLOCK2 Clock output. Crystal or RC oscillator.
2 | GND Digital Ground .0V, ground 27 | MODE Input LO;Direct output mode where
return CE/LD, HBEN, MBEN, and [BEN act as
3 STTS STaTusS output .HI during inputs directly controlling byte outputs.
Integrate and Deintegrate If pulsed-HI causes immediate entry into
until data is latched .LO handshake mode (see Figure 9).
when analog section is in If HI, enables CE/LD, HBEN, MBEN, and
Auto-Zero configuration. LBEN as outputs. Handshake mode
4 POL POLarity. Three-state out- will be entered and data output as in
put. Hi for positive input. _ Figures 7 & 8 at conversion completion.
5 OR OverRange. Three-state 28 R/H Run/Hold; Input Hi-conversions con-
output. tinuously performed every 217 (-16)
6 BIT 16 16 215 (-14) _ ‘c]ock pulses.
BIT 14 -14 (Most significant bit Input LO-conversion in progress
. completed, converter will stop in
7 BIT 15 6 —_——— ] Auto-Zero 7 counts before mpuf ujtegrate.
BIT 13 14 29 SEN Send-ENable: Input controls timing
of byte transmission in handshake
) BIT 14 15 _ que._HI mdi_catis se‘nd4 :
BIT 12 14 30 CE/LD Chip-Enable/LoaD. With MODE (pin 27)
LO, CE/LD serves as a master output
enable; when HI, the bit outputs and
S e POL, OR are disabled. With MODE HI,
pin serves as a LoaD strobe (-ve
going) used in handshake mode. See
10 BIT 12 -16 ) Figures 7 & 8.
BIT 10 14 Data Bits, Three-state 31 V(+) Positive Logic Supply Voltage.
outputs. See Table 4 for Nominally +5V
format of ENables and ——
11 BIT 11 -16 bytes. 32 AN.IN ANalog INput. High side.
BIT 9 -14 33 BUF IN BUFfer INput to analog chip
12 BIT 10 -16 34 REFCAP2 REFerence CAPacitor (negative side)
nc -14 35 AN.GND. ANalog GrouND. Input low side and
reference low side.
13 | BIT9 -16 36 | A-Z Auto-Zero node. "
nc 14 37 | VREF Voltage REFerence input (positive side)
38 REFCAP1 REFerence CAPacitor (positive side)
1: S:I ? 39 | COMP-IN COMParator INput from:8068
40 V(=) Negative Supply Voltage. Nominally -15V.
16 BIT 6 g pply g y
17 BIT 5
18 BIT 4
19 BIT 3
20 BIT 2
21 BIT 1 Least significant bit
22 [BEN Low Byte ENable. If not in
handshake mode (see pin 27)
when LO (with CE/LD, pin
| 30 activates low-order
byte outputs, BITS 1-8
When in handshake mode
(see pin 27), serves as a — CE/LD S
HBEN MBEN LBEN
low-byte flag output. See 7104-16 [POL|[O/R|B16]B15 B14|B13]B12]|B11]B10] B9 | B8 | B7 | B6] B5 | B4| B3 | B2 | B1
Figures 8, 9 and 10. : y
T e - HBEN LBEN
MBEN -16 Mid Byte ENable. Activates 7104-14 [PoL[O/R[B1a]B13]B12]B11]B10] BY | B8 | B7 | B6 | B5 | B4 | B3 | B2 B1 |
BITS 9-16, see LBEN (pin 22)
23 HBEN -14 High Byte ENable. Activates _
BITS 9-14, POL, OR, see TABLE 4: Three-State Byte Formats and ENable Pins.
LBEN (pin 22
HBEN ~-16 High Byte ENable.
Activates POL, OR, see
LBEN (pin 22).
24 CLOCKS3 -14 RC oscillator pin. Can be

used as clock output.
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DETAILED DESCRIPTION

Analog Section

Figure 4 shows the equivalent Circuit of the Analog
Section of the 7104/8068 in the 3 different phases of op-
eration. If the Run/Hold pin is left open or tied to V+, the
system will perform conversions at a rate determined

by the clock frequency: 131,072 for -16; 32,368 for -14
clock periods per cycle (see Figure 5 conversion tim-
ing).

AN ) CinT
VP A% {
BUFFER RNT | INTEGRATOR COMP.
3 —
A1 A2 ZERO }—
+ + A3 CROSS. D af—
/ DET. ZERO
CROSSING
'*1- FF
IC/\/ CL
! POL cL
Figure 4A: Phase | Auto-Zero
D POL Qf}—>PoL
FF
CcL
AN CinT
1P  —
BUFFER RINT | INTEGRATOR CoMP PHASE I
A1 A2 \ ZERO 3\
+ + y CROSS. ’ D aF—
o—i+ DET.
2 ZERO
8 6 CROSSING
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9 7 -
Y T T
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Figure 4B: Phase Il Integrate Input
AN Cint
e A it
BUFFER RNl | INTEGRATOR COMP.
- ZERO |—
A3 CROSS. D aF—
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cL
POL cL
Figure 4C: Phase Il + Deintegrate
- AN Cit
1P
BUFFER Rin: INTEGRATOR COMP.
A2, \ zErO |—
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CROSSING
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Ic,\, cL
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! POL cL

Figure 4D: Phase Il - Deintegrate
Figure 4: Analog Section of 8068 with 7104
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1. Auto-Zero Phase | Fig. 4A.

During Auto-Zero, the input of the buffer is shorted to
analog ground thru switch 2, and switch 1 closes a loop
around the integrator and comparator. The purpose of
the loop is to charge the Auto-Zero capacitor until the
integrator output does not change with time. Also
switches 4 and 9 recharge the reference capacitor to
Vref. '
2. Input Integrate Phase Il Fig. 4B.

During input integrate the Auto-Zero loop is opened and
the analog input is connected to the buffer input thru
switch 3. (The reference capacitor is still being charged to
Vref during this time.) If the input signal is zero, the buffer,
integrator and comparator will see the same voltage that
existed in the previous state (Auto-Zero). Thus the
integrator output will not change but will remain
stationary during the entire input Integrate cycle. If Vin is
not equal to zero, an unbalanced condition exists
compared to the Auto-Zero phase, and the integrator will
generate a ramp whose slope is proportional to Vin. At the
end of this phase, the sign of the ramp is latched into the
polarity F/F.

POLARITY

DETECTED OCCURS
’)\ ' ZERO CROSSING |
| _~DETECTED |

INTEGRATOR | |
OUTPUT | |
I———

Deintegrate Phase Il Fig. 4 C&D

During the Deintegrate phase, the switch drive logic uses the
output of the polarity F/F in determining whether to close
switches 6 and 9 or 7 and 8. If the input signal was positive,
switches 7 and 8 are closed and a voltage which is Vet more

- negative than during Auto-Zero is impressed on the buffer

input. Negative inputs will cause +Vref to be applied to the
buffer input via switches 6 and 9. Thus, the reference
capacitor generates the equivalent of a (+) reference or a (<)
reference from the single reference voltage with negligible
error. The reference voltage returns the output of the
integrator to the zero-crossing point established in Phase I.
The time, or number of counts, required to do this is propor-
tional to the input voltage. Since the Deintegrate phase can
be twice as long as the Input integrate phase, the input
voltage required to give a full scale reading = 2Vref.

Note: Once a zero crossing is detected, the system
automatically reverts to Auto-Zero phase for the leftover
Deintegrate time (unless Run/Hold is manipulated, see Run/
Hold Input in detailed description, digital section).

ZERO CROSSING

l~—wAz PHASE |-—l~—m1 PHASE Il»——-{<———-—~—+«17/— DEINT PHASE m——A-—Az——-

INTERNAL CLOCK n_]"’ "LFLI‘LI"L, mm ,J'Ll"Ll"LI"I.F gigipiaipliy

INTERNAL LATCH }

|
STATUS OUTPUT |
I

NUMBER OF COUNTS TO ZERO CHOSSING/
PROPORTIONAL TO ViN

| \ 1
e

|
|
| |
|
|

\AFTER ZERO CROSSING,
ANALOG SECTION WILL
BE IN AUTOZERO
CONFIGURATION

COUNTS
Phase | Phase Il | Phase lli
-16 32768 32768 65536
-14 8192 8192 16384

Figure 5: Conversion Timing

Table 5: Some Typical Component Values

V++ = +15V, V+ = 5V, V- = 15V, Clock Freq = 200 kHz

8068 with 7104-16 7104-14 UNITS
Full scale Vin 200 800 4000 100 4000 mV
Buffer Gain 10 1 1 10 1

RINT 100 43 200 47 180 k()
CINT .33 .33 .33 0.1 0.1 uF
Caz 1.0 1.0 1.0 1.0 1.0 uF
Cref 10 1.0 1.0 10 1.0 uF
Vref 100 400 2000 50 2000 mV
Resolution 21 12 61 6.1 244 wV
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Component Value Selection

For optimum performance of the analog section, care must

be taken in the selection of values for the integrator capacitor
and resistor, auto-zero capacitor, reference voltage, and
conversion rate. These values must be chosen to suit the
particular application.

Integrating Resistor

The integrating resistor is determined by the full scale input
voltage and the output current of the buffer used to charge
the integrator capacitor. This current should be smalil
compared to the output short circuit current such that
thermal effects are kept to a minimum and linearity is not
affected. Values of 5 to 40 uA give good results with a
nominal of 20 uA. The exact value may be chosen by

full scale voltage*
RINT = LUt scae votlage

20uA
“Note: If gain is used in the buffer amplifier then -
( in) (
RINT = Buffer gain) (full scale voltage)
20uA

Integrating Capacitor

The product of integrating resistor and capacitor is selected
to give 9 volt swing for full scale inputs. Thisisacompromise
between possibly saturating the integrator (at + 14 volts) due
to tolerance build-up between the resistor, capacitor and
clock and the errors a lower voltage swing could induce due
to offsets referred to the output of the comparator. In
general, the value of CiNT is give by

(32768 for -16
(8192 for -14 X clock period)| X 2OkA)

Integrator output voltage swing
A very important characteristic of the integrating capacitoris
that it have low dielectric absorption to prevent roll-over or
ratiometric errors. A good test for dielectric absorptionis to
use the capacitor with the input tied to the reference.

This ratiometric condition should read half scale 100 . .. 000
and any deviation is probably due to dielectric absorption.
Polypropylene capacitors give undetectable errors at
reasonable cost. Polystyrene and polycarbonate capacitors
may also be used in less critical applications.

CINT —

Auto-Zero and Reference Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system, a large capacitor giving less noise.
The reference capacitor should be large enough such that
stray capacitance to ground from its nodes is negligible.

Note: When gain is used in the buffer amplifier the reference
capacitor should be substantially larger than the auto-zero
capacitor. As a rule of thumb, the reference capacitor should
be approximately the gain times the value of the auto-zero
capacitor. The dielectric absorption of the reference cap and
auto-zero cap are only important at power-on or when the
circuit is recovering from an overload. Thus, smaller or
cheaper caps can be used here if accurate readings are not
required for the first few seconds of recovery.

Reference Voltage

The analog input required to generate a full scale output is
ViN = 2 VREF.

The stability of the reference voltage is a major factor in
the overall absoluté accuracy of the converter. The
resolution of the 7104 at 16 bits is one partin 65536, or

15.26ppm. Thus, if the reference has a temperature
coefficient of 50ppm/°C (on board reference) a temperature
change of 1/3°C will introduce a one-bit absolute error. For
this reason, it is recommended that an external high quality
reference be used where the ambient temperature is not
controlled or where high-accuracy absolute measurements
are being made.

Buffer Gain

At the end of the auto-zero interval, the instantaneous noise
voltage on the auto-zero capacitor is stored, and subtracts
from the input voltage while adding to the reference voltage
during the next cycle. The result is that this noise voltage
effectively is somewhat greater than the input noise voltage
of the buffer itself during integration. By introducing some
voltage gain into the buffer, the effect of the auto-zero noise
(referred to the input) can be reduced to the level of the
inherent buffer noise. This generally occurs with a buffer
gain of between 3 and 10. Further increase in buffer gain
merely increases the total offset to be handled by the auto-
zero loop, and reduces the available buffer and integrator
swings, without improving the noise performance of the
system. The circuit recommended for doing this with the
8068/ 7104 is shown in Figure6. With careful layout,
the circuit shown can achieve effective input noise voltages
on the order of 1-2uV, allowing full 16-bit use with full scale
inputs of as low as 150mV. Note that at this level, thermo-
electric EMFs between PC boards, IC pins, etc., due to local
temperature changes can be very troublesome.

100K} ~

Figure 6: Adding Buffer Gain to 8068
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DETAILED DESCRIPTION

Digital Section

The digital section includes the clock oscillator circuit, a 16
bit or 14 bit binary counter with output latches and TTL-
compatible three-state output drivers, polarity, over-range
and control logic and UART handshake logic, as shown in the
Block Diagram Figure 7 (16 bit verison shown).

Throughout this description, logic levels will be referred to
as “low” or *high”. The actual logic levels are defined under
“ADC-7104 Electrical Characteristics”. For minimum power
consumption, all inputs should swing from GND (low) to V+
(high). Inputs driven from TTL gates should have 3-5kQ puli-
up resistors added for maximum noise immunity.

Mode Input

The MODE input is used to control the output mode of the
converter. When the MODE pin is connected to GND or left
open (this input is provided with a pulldown resistor to
ensure a low level when the pin is left open), the converter is
in its “Direct” output mode, where the output data is directly
accessible under the control of the chip and byte enable
inputs. When the MODE input is pulsed high, the converter
enters the UART handshake mode and outputs the data in
three bytes for the 7104-16 or two bytes for the 7104-14, then
returns to “direct” mode. When the MODE input is left high,
the converter will output data in the handshake mode at the
end of every conversion cycle. (See section entitled “Hand-
shake Mode” for further details).

STaTu$S Output

During a conversion cycle, the STaTuS output goes high at
the beginning of Input Integrate (Phase Il), and goes low
one-half clock period after new data from the conversion has
been stored in the output latches. See Figure 5 for details of
this timing. This signal may be used as a “data valid” flag
(data never changes while STaTuS is low) to drive interrupts,
or for monitoring the status of the converter.

Run/Hold Input

When the Run/Hold input is connected to V+ or left open (this
input has a pullup resistor to ensure a high level when the pin
is left open), the circuit will continuously perform conversion
cycles, updating the output latches at the end of every
Deintegrate (Phase |11) portion of the conversion cycle (See
Figure 5). (See under “Handshake Mode” for exception.) In
this mode of operation, the conversion cycle will be
performed in 131,072 for 7104-16, or 32768 for 7104-14 clock
periods, regardless of the resuiting value.

If Run/Hold goes low at any time during Deintegrate (Phase
111 after the zero crossing has occurred, the circuit will
immediately terminate Deintegrate and jump to Auto-Zero.
This feature can be used to eliminate the time spent in
Deintegrate after the zero-crossing. If Run/Hold stays or
goes low, the converter will ensure a minimum Auto-Zero
time, and then wait in Auto-Zero until the Run/Hold input
goes high. The converter will begin the Integrate (Phase I)
portion of the next conversion (and the STaTuS output will
go high) seven clock periods after the high level is detected at
Run/Hold. See Figure 8 for details.

Using the Run/Hold input in this manner allows an easy
“convert on demand” interface to be used. The converter
may be held at idle in Auto-Zero with Run/Hold low. When
Run/Hold goes high the conversion is started, and when the
STaTuS output goes low the new data is valid (or transferred
to the UART - see Handshake Mode). Run/Hold may now go
low terminating Deintegrate and ensuring a minimum Auto-
Zero time before stopping to wait for the next conversion.
Alternately, Run/Hold can be used to minimize conversion
time by ensuring that it goes low during Deintegrate, after
zero crossing, and goes high after the hold point is reached.
The required activity on the Run/Hold input can be provided
by connecting itto the CLOCK3 (-14), CLOCK2 (-16) Output.

In this mode the conversion time is dependent on the input
value measured.

CE/LD

HBEN | MBEN LBEN
7104-16 [POL]O/R[B16[B15[B14]B13[B12]B11][B10[ B9 [B8 [ B7 | B6 [ BS [ Ba| B3 [ B2 [ B1
I HBEN LBEN
7104-14 [PoL[Oo/Rr][B14a[B13]B12]B11[B10[ B9 [B8 [B7 [B6 [BS [B4 [ B3 [ B2] B1 |
““““““““ DD A0 0 5 0 0 A0 M50 400 150 0 400 40 40 0 A
|
|
18/16/14 THREE-STATE OUTPUTS é FBEN
] |
’lTlllllLlLlllllllII] {
18/16/14 LATCHES MBEN
H-o
8 N N N O N I O O O | (16 0on)
INITIAL ] 16/14 -BIT COUNTER |
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LATCH _ <) [BEN
[ cLOCK :
! 1 1 8 |
COMP OUT
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e VI ¥ oo das b n_ _dw ]
STaTuS R/A CLOCK CLOCK CLOCK MODE SEND

1 2 3

Figure 7: Digital Section
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OPTION | -14 -16
[ MIN | 7161 |28665]
MAX 8185 | 32761
DEINT TERMINATED I | INT
AT ZERO CROSSING: " PHASE |
DETECTION | | STATICIN l
INTEGRATOR '/\’ | | HOLD STATE '/
OUTPUT o~ |
| ' l y fe———7 COUNTS ———=

[ ——
wreawat coox LI ~LMLMLML, LMLMLMLMLIL,

INTERNAL LATCH

UL

L

STaTuS OUTPUT I

RUN/HOLD INPUT 1 1

— e

b e e e e .

Figure 8: Run/Hold Operation

If the Run/Hold input goes low and stays low during Auto-
Zero (Phase |), the converter will simply stop at the end of
Auto-Zero and wait for Run/Hold to go high. As above,
Integrate (Phase 1) begins seven clock periods after the high
level is detected.

Direct Mode

When the MODE pinis leftata low level, the data outputs(bits
1 through 8 low order byte, see Table 4 for format of middle
(-16) and high order bytes]are accessible under control of the
byte and chip ENable terminals as inputs. These ENable
inputs are all active low, and are provided: with pullup
resistors to ensure an inactive high level when left open.
When the chip ENable input is low, taking a byte ENable

ZERO-CROSSING

\J/ OCCURS
N\

X\ ZERO-CROSSING
DETECTED

INTEGRATOR
OUTPUT

input low will allow the outputs of that byte to become active
(three-stated on). This allows a variety of parallel data acces-
sing techniques to be used, as shown in Figure 2. The timing
requirements for these outputs are shown in Figure 2 and
Table 1.

It should be noted that these control inputs are
asynchronous with respect to the converter clock - the data
may be accessed at any time. Thusiitis possible to access the
data while it is being updated, which could lead to scrambled
data. Synchronizing the access of data with the conversion
cycle by monitoring the STaTuS output will prevent this.
Data is never updated while STaTuS is low. Also note the
potential bus conflict described under “Initial Clear Circuitry”.
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Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the 7104 to digital systems, where the
A/D converter becomes active in controlling the flow of data
instead of passively responding to chip and byte ENable
inputs. This mode is specifically designed to allow a direct in-
terface  between the 7104 and industry-standard UARTs
(such as the Intersil CMOS UART's, IM6402/3) with no exter-
nal logic required. When triggered into the handshake mode,
the 7104 provides all the control and flag signals necessary to
sequence the three (7106-16) or two (7104-14) bytes of data
into the UART and initiate their transmission in serial form.
This greatly eases the task and reduces the cost of designing
remote data acquisition stations using serial data transmis-
sion to minimize the number of lines to the central controlling
processor.

Entry into the handshake mode will occur if either of two
conditions are fulfilled; first, if new data is latched (i.e. a
conversion is completed) while MODE pin (pin 27) is high, in
which case entry occurs at the end of the latch cycle; or
secondly, if the MODE pin goes from low to high, when entry
will occur immediately (if new data is being latched, entry is
delayed to the end of the latch cycle). While in the handshake
mode, data latching is inhibited, and the MODE pin is
ignored. (Note that conversion cycles will continue in the
normal manner). This allows versatile initiation of handshake
operation without danger of false data generation; if the
MODE pin is held high, every conversion (other than those
completed during handshake operations) will start a new

ZERO-CROSSING
OCCURS
INTEGRATOR

OuTPUT N ZERO-CROSSING

DETECTED

INTERNAL
CLOCK

handshake operation, while if the MODE pin is pulsed high,
handshake operations can be obtained “on demand.”

When the converter enters the handshake mode, or when the
MODE input is high, the chip and byte ENable terminals
become TTL-compatible outputs which provide the control
signals for the output cycle. The Send ENable pin (SEN) (pin
29) is used as an indication- of the ability of the external
device to receive data. The condition of the line is sensed
once every clock pulse, and if it is high, the next (or first) byte
is enabled on the next rising CLOCK 1 (pin 25) clock edge,
the corresponding byte ENable line goes low, and the Chip
ENable/LoaD line (pin 30) (CE/LD) goes low for one full clock
puise only, returning high.

On the next falling CLOCK 1 clock pulse edge, if SEN remains
high, or after it goes high again, the byte output lines will be
put in the high impedance state (or three-stated off). One half
pulse later, the byte ENable pin will be cleared high, and
(unless finished) the CE/LD and the next byte ENable pin will
go low. This will continue until all three (2 in the case of 14 bit
devices) bytes have been sent. The bytes are individually put
into the low impedance state i.e.: three-stated on during most
of the time that their byte ENable pin is (active) low. When re-
ceipt of the last byte has been acknowledged by a high SEN,
the handshake mode will be cleared, re-enabling data latch-
ing from conversions, and recognizing the condition of the
MODE pin again. The byte and chip ENable will be three-
stated off, if MODE is low, but held high by their (weak) pull-
ups. These timing relationships are illustrated in Figure 9, 10,
and 11, and Table 2.
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Figure 10: Handshake - Typical UART Interface Timing
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Figure 9 shows the sequence of the output cycle with SEN
held high. The handshake mode (Internal MODE high) is
entered after the data latch pulse (since MODE remains high
the CE/LD, LBEN, MBEN and HBEN terminals are active as
outputs). The high level at the SEN input is sensed on the
same high to low internal clock edge. On the nextlow to high
internal clock edge, the CE/LD and the HBEN outputs
assume alow level and the high-order byte (POL and OR, and
except for -16, Bis 9-14) outputs are enabled. The CE/LD
output remains low for one full internal clock period only, the
data outputs remain active for 1-1/2 internal clock periods,
and the high byte ENable remains low for two clock periods.
Thus the CE/LD output low level or low to high edge may be
used as a synchronizing signal to ensure valid data, and the
byte ENable as an output may be used as a byte identifica-
tion flag. With SEN remaining high the converter completes
the output cycle using CE/LD, MBEN and LBEN while the
remaining byte outputs (see Table 4) are activated. The
handshake mode is terminated when all bytes are sent (3 for -
16, 2 for -14, -12). -

Figure10shows an output sequence where the SEN input is
used to delay portions of the sequence, or handshake, to
ensure correct data transfer. This timing diagram shows the
relationships that occur using an industry-standard
IM6402/3 CMOS UART to interface to serial data channels.
In this interface, the SEN input to the ICL7104 is driven by
the TBRE (Transmitter Buffer Register Empty) output of the
UART, and the CE/LD terminal of the ICL7104 drives the
TBRL (Transmitter Buffer Register Load) input to the UART.

N\

The data outputs are paralleled into the eight Transmitter
Buffer Register inputs.

Assuming the UART Transmitter Buffer Register is empty,
the SEN input will be high when the handshake mode is
entered after new data is stored. The CE/LD and HBEN
terminals will go low after SEN is sensed, and the high order
byte outputs become active. When CE/LD goes high at the
end of one clock period, the high order byte data is clocked
into the UART Transmitter Buffer Register. The UART TBRE
output will now go low, which halts the output cycle with the
HBEN output low, and the high order byte outputs active.
When the UART has transferred the data to the Transmitter
Register and cleared the Transmitter Buffer Register, the
TBRE returns high. On the next 7104 internal clock high
to low edge, the high order byte outputs are disabled, and
one-half internal clock later, the HBEN output returns high.
At the same time, the CE/LD and MBEN (-16) or LBEN
outputs go low, and the corresponding byte outputs become
active. Similarly, when the CE/LD returns high at the end of
one clock period, the enabled data is clocked into the UART
Transmitter Buffer Register, and TBRE again goes low.
When TBRE returns to a high it will be sensed on the next
ICL7104 internal clock high to low edge, disabling the data
outputs. For the 16 bit device, the sequence is repeated for
LBEN. One-half internal clock later, the handshake mode
will be cleared, and the chip and byte ENable terminals
return high and stay active (as long as MODE stays high).

With the MODE input remaining high as in these examples,
the converter will output the results of every conversion

ZERO-CROSSING
/ OCCURS

™ ZERO-CROSSING DETECTED

INTERNAL _L_
CLOCK
LATCH PULSE
INTERNAL INHIBITED IN~___ [~ ==
LATCH . UARTMODE ™) 4 . B
STATUS Ty T £ I ?,L‘}\L‘;EST“ELP},’J
OUTPUT & T A NI X% DEINT . UART MODE .
POSITIVE TRANSITION CAUSES PHASE Hit
MODE ENTRY INTO ‘ RIS O
INPUT UART MODE B s g S R e A
INTERNAL UART -+ fom /5
mMODE NORM

CE/LD _ o/ \_y_—’ ! !
AS OUTPUT |
| I
HABEN = = o om = / 1 \ . I 4—d-
oo |
- l
HIGH BYTE |
DATA ™= == = —— —II———q——‘ DATAVAE.I;D -{/.——.T—-. ————— —— fo —— o ———
WABEN = = == e T . n el
MIDDLE BYTE e A A
DATA ———=—=— —_—— ,___!__.______.4;...-_(__.( DATA Wﬂ.:iD o o of o e e e e o ol o B
(BEN ’ ‘ a i -4
LOW BYTE Cir
DATA____.....__..1;...-’-___.__-_._”..___..__..—__.;;—.-.{._..1( DATA VALID T.___.-
m DON'T CARE == w= == THREE-STATE HIGH IMPEDANCE -4 THREE-STATE WITH PULLUP

Figure 11: Handshake Triggered By Mode
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except those completed durino a-handshake operation. By
triggering the converter into handshake mode with a low to
high edge on the MODE input, handshake output sequences
may be performed on demand. Figure 11shows a handshake
output sequence triggered by such an edge. In addition, the
SEN input is shown as being low when the converter enters
handshake mode. In this case, the whole output sequence is
controlled by the SEN input, and the sequence for the first
(high order) byte is similar to the sequence for the other
bytes. This diagram also shows the output sequence taking
longer than a conversion cycle. Note that the converter still
makes conversions, with the STaTu$S output and Run/Hold
input functioning normally. The only difference is that new
data will not be latched when in handshake mode, and is
therefore lost.

Initial Clear Circuitry

The internal logic of the 7104 is supplied by an internal
regulator between V++ and Digital Ground. The regulator
includes a low-voltage detector that will clear various
registers. This is intended to ensure that on initial power-up,
the control logic comes up in Auto-Zero, with the 2nd, 3rd, and
4th MSB bits cleared, and the "mode” FF cleared (i.e. in
“direct” mode). This, however, will also clear these registers
if the supply voltage “glitches” to a low enough value.
Additionally, if the supply voltage comes up too fast, this
clear pulse may be too narrow for reliable clearing. In
general, this is not a problem, but if the UART internal
“MODE” FF should come up set, the byte and chip ENable
lines will become active outputs. In many systems this could
lead to buss conflicts, especially in non-handshake systems.
In any case, SEN should be high (held high for non-
handshake systems) to ensure that the MODE FF will be
cleared as fast as possible (see Fig. 9 for timing). For these
and other reasons, adequate supply bypass is
recommended.

Oscillator
The 7104 is provided with a versatile three terminal oscillator

to generate the internal clock. The oscillator may be over-
- driven, or may be operated as an RC or crystal oscillator.

Figure 12 shows the oscillator configured for RC operation.

The internal clock will be of the same frequency and phase as

the voltage on the CLOCK 3 pin. The resistor and capacitor

should be connected as shown. The circuit will oscillate at a

frequency given by f = .45/RC. An 100k() resistor is

recommended for useful ranges of frequency. For optimum

60Hz line rejection, the capacitor value should be chosen

such that 32768 (-16) or 8192 (-14) clock periods is close to an
integral multiple of the 60Hz period.

ANV
25 26 24
cLock? ~ T Tclooky T ciockt
1 2 3
R
c
11
11
fosc = .45/RC

Figure 12: RC Oscillator
Note that CLOCK 3 has the same output drive as the bit outputs.
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As a result of pin count limitations, the ICL7104-16 has only
CLOCK 1 and CLOCK 2 available, and cannot be used as an
RC oscitlator. The internal clock will correspond to the
inverse of the signal on CLOCK 2. Figure 13 shows a crystal
oscillator circuit, which can be used with all 7104 versions. If
an external clock is to be used, it should be applied to
CLOCK 1. The internal clock will correspond to the signal
applied to this pin.

= !

26
Perockz

. 0 | “CAPACITOR VALUE
1 DEPENDS ON CRYSTAL.
= CRYSTAL = TYP 0-30pF.

Figure 13: Crystal Oscillator

POWER SUPPLY SEQUENCING

Because of the nature of the CMOS process used to fabricate
the 7104, and the multiple power supplies used, there are cer-
tain conditions of these supplies under which a disabling and
potentially damaging SCR action can occur. All of these con-
ditions involve the V+ supply (nom. +5V) being more positive
than the V++ supply. If there is any possibility of this occuring
during start-up, shutdown, under transient conditions during
operation, or when inserting a PC board into a “hot” socket,
etc., adiode should be placed between V—and V++to prevent
it. A germanium or Schottky rectifier diode would be best, but
in most cases a silicon rectifier diode is adequate. -

ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to avoid ground loops in the
layout of 8068/7104 circuits, especially in 16-bitand high sen-
sitivity circuits. It is most important that return currents from
digital loads are not fed into the analog ground line. A recom-
mended connection sequence for the ground lines is shown
in Figure 14.
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BUF REF
out VOLTAGE |
15V 15V
—_——A———— B Veer |
/ EXTERNAL |
1P ADC-7104 (F REFERENCE ADC-8068 |
Vin FILTER PIN 35 USED) (IF USED) PINS
CAP AN GND Caz AN GND |
8068 PIN 2 |
comp BOARD [ SUPPLY
EDGE | RETURN
DIGITAL X |
LOGIC DIG GND
ADC-7104 DEVICE PIN T . T T l
PIN 2 5V SUPPLY BYPASS CAPACITOR(S)

Figure 14: Grounding Sequence
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FEATURES

* 12 bit binary (plus polarity and overrange) dual
slope integrating analog-to-digital converter.

* Byte-organized TTL-compatible three-state outputs
and UART handshake mode for simple parallel or
serial interfacing to microprocessor systems.

* RUN/HOLD input and STATUS output can be used

to monitor and control conversion timing.

True differential input and differential reference.

Low noise-typically 15,V peak-to-peak.

1pA typical input current.

Operates at up to 30 conversions per second.

On-chip oscillator operates with inexpensive

3.58MHz TV crystal giving 7.5 conversions per

second for 60Hz rejection, or may be operated as an

RC oscillator for other clock frequencies.

» Combines analog and digital functions on a single
low power LS| CMOS chip.

¢ All inputs fully protected against static discharge;
no special handling precautions necessary.

ADC-7109

12 Bit Binary AID Converter for

Microprocessor Interfaces

- GENERAL DESCRIPTION ‘

The ADC-7109 is a high performance, low power integrating
A/D converter designed to easily interface to microprocessors.
The output data (12 bits, polarity and overrange) may be di-
rectly accessed under control of two byte enable inputs and a
chip select input for a simple parallel bus interface. A UART
handshake mode is provided which allows the ADC-7109 to
work with industry-standard UARTs to provide serial data
transmission, ideal for remote data logging applications. The
'RUN/HOLD input and STATUS output allow monitoring and
control of conversion timing.

The ADC-7109 provides the user the high accuracy, low noise,
low drift, versatility, and economy of the dual-slope integrating
A/D converter. Features like true differential input and refer-
ence, zero drift of less than 1uV/° C max., input bias current of
10pA max., and typical power consumption of 20mW make the
ADC-7109 an attractive per-channel alternative to analog multi-
plexing for many data acquisition applications.

PIN CONFIGURATION AND TEST CIRCUIT:

1See Figure 1 for typical connection to a UART or Microcomputer

TOP VIEW | 2.040 (51.816)
GND 1 GND \J V. 40 5V OO OO = :
—12 STATUS REFIN 39— 0520 (13.2)
wigH [J3POL REF CAP  38}—3=q ¢ EXTERNAL Now
ORDER _| ]4OR REF CAP - 37— © REFERENCE |
— —{58B12 REF IN- 36— + (oL e o e o
BYTE TG
ouTtpuTs | ]8B! IN HI 35 TF INPUT HIGH 060 (1.524) TYP e oz
—7810 INLO 34 = INPUT LOW A o osy Co e
=1889 COMMON 33 ClﬁPDﬁuF _§_i 012 001
=10 B8 ADC-7109 INT 32 l - ! ¥ lls e (0.305 - 0.025)
CAZ ———i~ TYP. TYP.
—1087 az 31— L
LOw — 11 B6 BUF 30 el | |- - -— _.‘ l‘lz 54) ';[23 (317) |e— 650
{16.5)
ORDER _| —12 B5 REF OUT 29 RiNT =20k} 0.2V REF 070 018 (0.457) Ax
BYTE | —{13 B4 Vv 28p——o-5V =200k 2.0V REF t] 77:) 020 (0.508)
OUTPUTS | —{14 B3 SEND 27— 1k() > <———— REF+ TY TYP
—{15 B2 RUN/HOLD 26 }—
=416 B1 BUF OSC OUT 25— vt
—117 TEST 0SC SEL 24}——GND 24k0)
BYTE [—118 LBEN oscouT 23— ) ) ) )
CONTROL —{ —{ 19 HBEN OSC IN 22 D 3.5795 MHz 40 Pin Ceramic Dual-in-Line Package
INPUTS (—{20 CE/LOAD MODE 21} TV CRYSTAL

PACKAGE DIMENSIONS

40 Pin Plastic Dual-in-Line Package

1 2.020 (51.308) |

| MAX I

Tt il
* f
% 0.540 (13.7)
N(IM

ORDERING INFORMATION

OPER. TEMP.
MODEL RANGE PACKAGE
ADC-7109C 0to+70°C 40 pin Epoxy DIP
ADC-7109R —25to +85°C 40-pin CerDIP
ADC-7109M —55to +125°C 40 pin Céramic DIP

0.006 (0.152)
0.012 (0.305)

0.165 (4.191)
{ MAx, 0-020 (0.508)

0520 (13.208) |
SQUARE | =
—| |- " 0.060 (1.524)
[ R

s M
I+ M

1 o.
,1 i. 0.125 (3.175) | e (15.24)—=
IN REF
0.050 * 0.010 0.018 - 0.002

E
0.100 - 0.010
(1.27 © .254) (0.457 - 0.051) (2.54 = .254)

0.050 (1.27)
TYP.

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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ADC-7109
ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage (GND1OV™) ... .. i +6.2V

Negative Supply Voltage (GNDtOV ™) ..ot e -9V
Analog Input Voltage (LoorHi (Note 1) ...ttt VitoV”~
Reference InputVoltage (LoorHi)(Note1) .......... ... ... ... . oiiet VitoVv~
Digital Input Voltage V'+0.3V
(Pins 2-27) (Note 2)  © 77" "1 GND-0.3V
Power Dissipation (Note 3)

CeramicorCerdipPackage .. ......oouiriii i TW@85°C

PlasticPackage .............oiiiiiiiiiiiii 500mW @70°C
Operating Temperature

CeramicorCerdipPackage ..., 25°C = Ta = 85°C

Plastic Package .........c.coiiiiiiiiii s 0°C = Ta=70°C
Storage Temperature ............oiiiuiiiiniiiniinaaanns 55°C . Ta<125°C
Lead Temperature (soldering,60Sec) .......... ..., 300°C

Absolute maximum ratings define stress limitations which if exceeded may permanently damage the device. These ratings are not continuous
duty ratings. For continuous operation these devices must be operated under the conditions defined under “"Operating Characteristics.”

TABLE | OPERATING CHARACTERISTICS

All parameters with VT=+5V, V=5V, GND = 0V, Ta= 25°C, unless otherwise indicated.
Test circuit as shownon page 1.

ANALOG SECTION

[ PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin = 0.0V Octal
} Full scale = 409.6mV 00008 +0000s +0000s Reading
Ratiometric Reading VIN = VREF 37778 37778 40008 Octal
VRer = 204.8mV 40008 Reading
Non-Linearity (Max
deviation from best Full scale = 409.6mV or -1 +.2 +1 Counts
straight line fit) 4.096V
Roll-over Error (dif-
ference in reading -1 +.2 +1 Counts
for equal pos. and neg.
inputs near full scale.
Common Mode Rejection Vem = 1V Vin = 0V 50 uV/Vv
Ratio Full Scale = 409.6mV
Noise (p-p value not ViN = 0V 15 uV
exceeded 95% of time) Full Scale = 409.6mV
Leakage Current at
Input ViN = OV 1 10 pA
Zero Reading Drift Vin = 0V i 0.2 1 uV/eC
Scale Factor Temperature VIN = 408.9mV => 77708
Coefficient reading
‘ Ext. Ref. 0 ppm/°C 1 5 ppm/°C
Supply Current V* to oL v
GND ViN = 0, Crystal Osc. 700 1500 uA
Supply Current V- to V- oA 3.58MHz test circuit
Pi -21, 25, 26, 27, 29,
ins 2 25, 26 open 700 1500 WA
Ref Out Voltage Referred to V-, 25k()
between V+ and REF OUT -2.4 ~-2.8 -3.2 \
Ref Out Temp. Coefficient 25k() between V+ and REF OUT 80 ppm/°C
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ADC-7109
DIGITAL SECTION

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output High Voltage VoH lout = 100uA 3.5 4.3 \Y
) Pins 2-16, 18, 19, 20

Output Low Voltage VoL lout = 1.6mA 0.2 0.4 v
Output Leakage Current Pins 3-16 high impedance +.01 +1 uA
Control {/OC Pullup Pins 18, 19, 20 Vout = V* =3V
Current MODE input at GND 5 uA
Control I/0 Loading HBEN Pin 19 LBEN Pin 18 50 pF
Input High Voltage ViH Pins 18-21, 26, 27

referred to GND 25 \
Input Low Voltage ViL Pins 18-21, 26, 27

referred to GND 1 Vv
Input Pull-up Current Pins 26, 27 VouTt = V' -3V 5 uA
Input Pull-up Current Pins 17, 24 Vout = V+ -3V ‘25 wA
Input Pull-down Current Pin21 Voutr GND +3V 5 wA
Oscillator Output High OoH Vout = 2.5V 1 mA
Current Low OoL VouTt = 2.5V 1.5 mA
Buffered Oscillator High BOoH VouTt = 2.5V 2 mA
Output Current Low BOoL Vour = 2.5V 5 mA
MODE Input Pulse Width 50 ns

Note 1: Input voltages may exceed the supply voltages provided the input current is limited to - 100ua
Note 2: Due to the SCR structure inherent in the process used to fabricate these devices. connecting any digital inputs or outputs to voltages
greater than V' or less than GND may cause destructive device latchup. For this reason itis recommended that no inputs from sources
not on the same power supply be applied to the ADC-7109 before its power supply Is established.and thatin multiple supply systems the
supply to the ADC-7109 be activated first
Note 3: This limit refers to that of the package and will not be obtained during normal operation.
V' 40— -5v
-sv—]1 vce TRC 40 GND — 1 GND REFIN 39}p————————0———GND
_E 2 OSC CONTROL OSC IN 17 25 BUF OSC OUT  REFCAP 38p—2., ¢ EXTERNAL
GND 3 GND EPE 39 5V —{ 2 STATUS REF CAP - 37 pb—= * REFERENCE
-5V—— 4 RRD CLS138 I REF IN - 36 |———pr———0:
5-12 CLS237 — 19 HBEN IN HI 35 8= AAAN— -
—{RBRI-8 SBS 36 INLO 34 ML INPUT
Pl 35 |- GND 6 |38 - coM 33 GND
— 13 PE CRL 34 }— B9-B12,POL.OR INT 32 —C—'N—i =2
—]14 FE 26-33 9-16 Az 31 555
—15 o TBR1-8 § 8 1B1-88 BUF 30 |—=3
-5V——] 16 SFD TRE 24 |— . —{ 17 TEST REF OUT 29 |— RINT 20k!? 0.2V REF
DRR 18 18 LBEN V 28— 5V 200k!) 2V REF
——120 RRI DR 19 21 MODE RUN/HOLD 26 |— -5V OR OPEN
SERIAL TBRL 23 20 CE/LOAD OSC SEL 24 }—GND
INPUT TBRE 22 27 SEND 0SCOUT 23
‘SERTAI‘ZS TRO MR 21 }—-GND OSCIN 22 3.58 MHz
OUTPUT FOR LOWEST POWER CONSUMPTION. CRYSTAL
IM6403 TBR1-TBR8 INPUTS SHOULD HAVE 100k!! ADC-7109
CMOS UART PULLUP RESISTORS TO -5V CMOS A/D CONVERTER
Figure 1A. To transmit latest result. send any word to UART.
2 3 -5V —{40 V° REF IN 39 ——GND
XTAL1 XTAL2 GND —{1 GND REF CAP 38— ¢ ,F EXTERNAL
"5V 170 —{17 TEST REF CAP - 37 }—— REFERENCE
4 RESET 21-24 REF IN - 36 F———m——0"
5SS 35-38 [ IN HI 35 —2——— " MW\—20 " \oir
6 INT P20-P27 OTHER IN LO 34 |5 I oo
31-34 vo COM 33 Cingp-154F
GND —{7 EA INT 32 f——"]
= P14-P17[ T5 Caz
—8 WR__ o AZ 31 33,F
— 9 PSEN P13 30 26 RUN/HOLD BUF 30 :
— 11 ALE P12 29 2 STATUS REF OUT 29 |— RiNT 20k() 0.2V REF.
-5V — 25 PROG P11 28 18 LBEN vV 28} sv 200k!) 2V REF.
-5V — 26 VDD P10 27 19 HBEN SEND 27 |—
-5V —39 TL 3.8 BUF OSC OUT 25 |—
-5y — 40 VCC 5] B9-B12,POL.OR OSC SEL 24 |— GND
12-19 916 oscout2sf
DB0-DB7 fe— 1g]B1-88 OSC IN 22 3.58 MHz
GND —{ 20 VSS RD10 20 CE/LOAD MODE 21 | CRYSTAL
iM8748/8049 ADC-T109

CMOS MICROCOMPUTER

CMOS A/D CONVERTER

Figure 1B. Typical Connection Diagram Parallel Interface With 8748/8048 Microcomputer
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TABLE 2 - Pin Assignment and Function Description

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
1 GND Digital Ground. OV, Ground return for all 21 MODE Input Low - Direct output mode where
digital logic CE/LOAD (Pin 20), HBEN (Pin 19) and
2 [STATUS Output - High during integrate and deinte- LBEN (Pin 18) act as inputs directly
grate until data is latched. controlling byte outputs.
- lLow when analog section is in Auto-Zero Input Pulsed High - Causes immediate
configuration. entry into handshake mode ard output of
3 |POL Polarity, Three-State Output data as in Figure 9.
4 |OR Over-range. Three-State Output Input High - Enables CE,LOAD Pin 201,
5 [Bi2 Bit 12 [Most Significant Biti HBEN (Pin 19'. and LBEN (Pir 18 as out-
5 B11 Bt 11 puts, handshake mode will be entered and
- data output as in Figures 7 and 8 at con-
/ B10 Bit 10 version completion.
8 |89 Bit9 22 |OSC IN “Oscillator Input
9 |B8 Bit8 23 |0SC ouT Oscillator Output
10 B7 Bit 7 24 OSC SEL Oscillator Select - Input high configures
11 B6 Bit 6 Data Bits. Three-State Qutput OSC IN. OSC OUT. BUF OSC OUT as RC
12 |BS Bit 5 oscillator - clock will be same phase and
13 B4 Bit 4 duty cycle as BUF OSC OUT
14 B3 Bit 3 - Input low configures OSC IN. OSC OUT
15 B2 Bit 2 for crystal oscillator - clock frequency will
16 |B1 Bit 1 |'Least Significant Bit' be 1 58 of frequency at BUF OSC OUT
17 TEST Input High - Normal Operation. 25 BUF OSC OUT | Buffered Oscillator Output
Input Low - Forces all bit outputs high. 26 RUN HOLD Input High - Conversions continuously
Note: This input is used for test purposes performed every 8192 clock pulses
only. Input Low - Conversion in progress com-
18 |LBEN Low Byte Enable - With Mode ‘Pin 21+ low, pleted. converter will stop in Auto-Zero 7
and CE LOAD 'Pin 20 low. taking this pin counts before integrate.
low activates low order byte outputs B1-B8. 27 SEND Input - Used in handshake mode to indicate
ability of an external device to accept data.
- With Mode ‘Pin 21 high. this pin serves as 28 v Analog Negative Supply - Nomirially 5V
a low byte flag output used in handshake with respect to GND Pin 1
mode _See Figures 7.8 9 29 |REFOUT Reference Voltage Output - Nominally 2.8V
19 HBEN High Byte Enable - With Mode ‘FPin 21 low. down from V" 1Pin 40,
and CE LOAD 'Pin 20" low. taking this pin 30 |BUFFER Buffer Amplier Output
Ié)a.agg\ftg;,gh order byte outputs BY- 31 AUTO-ZERO Auto-Zero Node - Inside foil ¢f Caz
32 INTEGRATOR | Integrator Output - Outside fo:l of CinT
- With Mode Pin 21 high. this pinserves as 33 COMMON Analog Common - System is Auto-Zeroed
a high byte flag output used in handshake to COMMON
mode. See Figures 7. 8. 9 34 | INPUT LO Differential Input Low Side
20 CE LOAD Chip Enable Load - With Mode 'Pin 21 low. 35 INPUT HI Differential Input High Side
CE LOAD serves as a master output enable. 36 |REF IN - Differential Reference Input Positive
When high. B1-B12. POL. OR outputs are 37 |REF CAP - Reference Capacitor Positive
disabled. 38 REF CAP Reference Capacitor Negative
- With Mode Pin 21 high.this pin serves as 39 REF IN Difterential Reference Input Negative
a load strobe used in handshake mode. 40 \ Positive Supply Voltage - Nominally -5V
See Figures 7. 8. 9. with respect to GND Pin 1

.

DETAILED DESCRIPTION

Analog Section

Figure 2 shows the equivalent circuit of the Analog Section
of the ADC-7109. When the RUN/HOLD input-is left open or
connected to V', the circuit will perform conversions at a rate
determined by the clock frequency (8192 clock periods per
cycle). Each measurement cycle is divided into three phases
as shown in Figure 3. They are (1) Auto-Zero (AZ), (2) Signal
Integrate (INT) and (3) Deintegrate (DE).

1. Auto-Zero Phase

" During auto-zero three things happen. First, input high

and low are disconnected from their pins and internally
shorted to analog common. Second, the reference ca-
pacitor is charged to the reference voltage. Third, a feed-
back loop is closed around the system to charge the auto-

zero capacitor Caz to compensate for offset voltages in
the buffer amplifier, integrator, and comparator. Since
the comparator is included in the loop, the AZ accuracy is
limited only by the noise of the system. In any case, the
offset referred to the input is less than 10uV.

2. Signal Integrate Phase

During signal integrate the auto-zero loop is opened, the
internal short is removed and the internal input high and
low are connected to the external pins. The converter
then integrates the differential voltage between input
high and input low for a fixed time of 2048 clock periods.
At the end of this phase, the polarity of the integrated
signal is determined.
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Figure 3: Conversion Timing

3. Deintegrate Phase

The final phase is deintegrate, or reference integrate.
Input low is internally connected to analog common and
input high is connected across the previously charged
(during auto-zero) reference capacitor. Circuitry within
the chip ensures that the capacitor will be connected with
the correct polarity to cause the integrator output to
return to the zero crossing (established in Auto Zero) with
afixed slope. Thus the time for the output to returr. to zero
(represented by the number of clock periods counted) is
proportional to the input signal.

Differential Input

The input can accept differential voltages anywhere within
the common mode range of the input amplifier; or
specifically from 0.5 volts below the positive supply to 1.0
volt above the negative supply. In thisrange the system has a
CMRR of 86dB typical. However, since the integrator also
swings with the common mode voltage, care must be
exercised to assure the integrator output does not saturate.
A worst case condition would be a large positive common
mode voltage with a near full-scale negative differential input
voltage. The negative input signal drives the integrator
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positive when most of its swing has been used up by the
positive common mode voltage. For these critical applica-
tions the integrator swing can be reduced to iess than the
recommended 4V full scale with some loss of accuracy. The
integrator output can swing within 0.3 volts of either supply
without loss of linearity.

The ADC-7109 has, however, been optimized for operation
with analog common near digital ground. With power
supplies of +5V and -5V, this allows a 4V full scale integrator
swing positive or negative maximizing the performance of
the analog section.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray
capacity on its nodes. If there is a large common mode
voltage, the reference capacitor can gain charge (increase
voltage) when called up to deintegrate a positive signal but
lose charge (decrease voltage) when called up to deintegrate
a negative input signal. This difference in reference for (+) or
(=) input voltage will give a roll-over error. However, by
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selecting the reference capacitor large enough in
comparison to the stray capacitance, this error can be held to
less than 0.5 count for the worst case condition (see
Component Values Selection below).

The roll-over error from these sources is minimized by
having the reference common mode voltage near or at
analog common.

Component Value Selection

For optimum performance of the analog section, care must
be taken in the selection of values for the integrator capacitor
and resistor, auto-zero capacitor, reference voltage, and
conversion rate. These values must be chosen to suit the
particular application.

The most important consideration is that the integrator
output swing (for full-scale input) be as large as possible. For
example, with 15V supplies and COMMON connected to
GND, the nominal integrator output swing at full scale is +4V.
Since the integrator output can go to 0.3V from either supply
without significantly affecting linearity, a 4V integrator
output swing allows 0.7V for variations in output swing due
to component value and oscillator tolerances. With t5V
supplies and a common mode range of 1V required, the
component values should be selected to provide =3V
integrator output swing. Noise and rollover errors will be
slightly worse than in the *4V case. For larger common mode
voltage ranges, the integrator output swing mustbe reduced
further. This will increase both noise and rollover errors. To
improve the performance, supplies of 16V may be used.

1. Integrating Resistor

Both the buffer amplifier and the integrator have a class A
output stage with 100uA of quiescent current. They sup-
ply 20uA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remain
in this very linear region over the input voltage range, but
small enough that undue leakage requirements are not
placed on the PC board. For 4.096 volt full scale, 200k()is
near optimum and similarly a 20k() for a 409.6mV scale.
For other values of full scale voltage, RinT should be
full scale voltage

chosen by the relation RiNT =
20uA

2. Integrating Capacitor

The integrating capacitor CiNT should be selected to give
the maximum integrator output voltage swing without
saturating the integrator (approximately 0.3 volt from
either supply). For the ADC-7109 with £5 volt supplies and
analog common connected to GND, a +3.5 to +4 voltinte-
grator output swing is nominal. For 7-1/2 conversions per
second (61.72KHz clock frequency) as provided by the
crystal oscillator, nominal values for CinT and Caz are
0.15uF and 0.33uF, respectively. If-different clock fre-
quencies are used, these values sho%d/b/; changed to
maintain the integrator output voltage swing. In general,

the value of CiNT is given by
(2048 x clock period) (20uA)

CiNT = - - -
integrator output voltage swing

An additional requirement of the integrating capacitor is
that it have low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for
this application, polypropylene capacitors give undetec-
table errors at reasonable cost.

3. Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system; a big capacitor, giving less noise.
However, it cannot be increased without limits since it, in
parallel with the integrating capacitor forms an R-C time
constant that determines the speed of recovery from over-
loads and more important the error that exists at the end
of an auto-zero cycle. For 409.6mv full scale where noise
is very important and the integrating resistor small, a
value of Caz twice CiNT is optimum. Similarly for 4.096V
full scale where recovery is more important than noise, a
value of Caz equal to half of CinT is recommended.

For optimal rejection of stray pickup, the outer foil of Caz
should be connected to the R-C summing junction and
the inner foil to pin 31. Similarly the outer foil of CiNT
should be connected to pin 32and the inner foil to the R-C
summing junction.

4. Reference Capacitor

A 1uF capacitor gives good results in most applications.
However, where a large common mode voltage exists (i.e.
the reference low is not at analog common) and a
409.6mV scale is used, a larger value is required to pre-
vent roll-over error. Generally 10uF will hold the roll-
over error to 0.5 count in this instance.

5. Reference Voltage

The analog input required to generate a full scale output
of 4096 counts is ViN = 2VRer. Thus for a normalized
scale, a reference of 2.048V should be usd for a 4.096V full
scale, and 204.8mV should be used for a 0.4096V full
scale. However, in many applications where the A/D is
sensing the output of a transducer, there will existascale
factor other than unity between the absolute output
voltage to be measured and a desired digital output. For
instance, in a weighing system, the designer might like to
have a full scale reading when the voltage from the trans-
ducer is 0.682V. Instead of dividing the input down to
409.6mV, the input voltage should be measured directly
and a reference voltage of 0.341V should be used. Suit-
able values for integrating resistor and capacitor are 34k
and 0.15uF. This avoids a divider on the input. Another
advantage of this system occurs when a zero reading is
desired for non-zero input. Temperature and weight
measurements with an offset or tare are examples. The
offset may be introduced by connecting the voltage
ooutput of the transducer between common and analog
high, and the offset voltage between common and analog
low, observing poiarities carefully. However, in proces-
sor-based systems using the ADC-7109, it may be more
efficient to perform this type of scaling or tare subtraction
digitally using software.

6. Reference Sources

The stability of the reference voltage is a major factor in
the overall absolute accuracy of the converter. The reso-
lution of the ADC-7109 at 12 bits is one part in 4096, or
244ppm. Thus if the reference has a temperature coef-
ficient of 80ppm/°C (onboard reference) a temperature
difference of 3°C will introduce a one-bit absolute error.
For this reason, it is recommended that an external high-
quality reference be used where the ambient temperature
is not controlled or where high-accuracy absolute
measurements are being made.
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The ADC-7109 provides a Reference Output (pin 29) which
may be used with a resistive divider to generate a suitable
reference voltage. This output will sink up to about 20mA
without significant variation in output voltage, and is
provided with a pullup bias device which sources about
10uA. The output voltageis nominally 2.8V below V', and
‘has a temperature coefficient of ©80ppm/°C typ. When
using the onboard reference, Ref Out (Pin 29) should be
connected to Ref - (pin 39), and Ref+ should be connec-
ted to the wiper of a precision potentiometer between
Ref Out and V". The circuit for a 204.8mV reference is
shown in the test circuit. For a 2.048V reference, the fixed
resistor should be removed, and a 25k() precision poten-
tiometer between Ref Out and V™ should be used.

DETAILED DESCRIPTION
Digital Section

The digital section includes the clock oscillator and scaling
circuit, a 12-bit binary counter with output latches and TTL-
compatible three-state output drivers, polarity, over-range
and control logic, and UART handshake logic, as shown in
the Block Diagram Figure 4.

Throughout this description, logic levels will be referred to
s “low” or “high". The actual logic leveis are defined in
Table 1 "Operating Characteristics”. For minimum power
consumption, all inputs should swing from GND (low) to V"~
thigh). Inputs driven from TTL gates should have 3-5k(}
pullup resistors added for maximum noise immunity.

MODE Input

The MODE input is used to control the output mode of the
converter. When the MODE pin is connected to GND or left
open (this input is provided with a pulldown resistor to
ensure a low level when the pin is left openi, the converter is
in its "Direct” output mode, where the output data is directly
accessible under the control of the chip and byte enable

BYTE OUTPUTS

inputs. When the MODE input is pulsed high, the converter
enters the UART handshake mode and outputs the data in
two bytes, then returns to “direct” mode. When the MODE
input is left high, the converter will output data in the
handshake mode at the end of every conversion cycle. (See
section entitled “Handshake Mode” for further details).

STATUS Output

During a conversion cycle, the STATUS output goes high at
the beginning of Signal Integrate (Phase Il), and goes low
one-half clock period after new data from the conversion has
been stored in the output latches. See Figure 3 for details of
this timing. This signal may be used as a “"data valid” flag
(data never changes while STATUS is low) to drive interrupts,
or for manitoring the status of the converter.

RUN/HOLD Input

When the RUN/HOLD input is connected to V' or left open
(this input has a pullup resistor to ensure a high level when the
pin is left open), the circuit will continuously perform conver-
sion cycles, updating the output latches at the end of every
Deintegrate (Phase Ill) portion of the conversion cycle (See
Figure 3). In this mode of operation, the conversion cycle will
be performed in 8192 clock periods, regardless of the
resulting value.

If the RUN/HOLD input goes low (and stays there) during
Integrate (Phase ID or Deintegrate (Phase I11) before the zero
crossing is detected, the converter will complete the
conversion in progress, update the output latches, and then
terminate Phase Ill, jumping to Auto-Zero (Phase ). If
RUN/HOLD stays low, the converter will ensure a minimum
Auto-Zero time, and wait in Auto-Zero until the RUN/HOLD
input goes high. The converter will begin the Integrate
(Phase I} portion of the next conversion (and the STATUS
output will go high) seven clock periods after the high level is
detected at RUN/HOLD. See Figure 5 for details.
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Figure 4: Digital Section
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Figure 5: Run/Hold Operation

Using the RUN/HOLD input in this manner allows an easy
“convert on demand" interface to be used.The converter may
be held at idle in auto-zero with RUN/HOLD low. When
RUN/HOLD goes high the conversion is started, and when
the STATUS output goes low the new data is valid (or trans-
ferred to the UART - see Handshake Mode). RUN/HOLD may
now go low terminating Deintegrate and ensuring a minimum
Auto-Zero time before stopping to wait for the next conversion.

If RUN/HOLD goes low at any time during Deintegrate (Phase
I1l) after the zero crossing has occurred, the circuit will
immediately terminate Deintegrate and jump to Auto-Zero.
This feature can be used to “short-cycle” the converter by
eliminating the time spent in Deintegrate after the zero
crossing. The required activity on the RUN/HOLD input can
be provided by connectingit to the Buffered Oscillator Output.
In this mode the conversion time is dependent on the input
value measured. Also refer to Intersil Application Bulletin
A030 for a discussion of the effects this will have on Auto-
Zero performance.

If the RUN/HOLD input goes low and stays low during Auto-
Zero (Phase 1), the converter will simply stop at the end of
Auto-Zero and wait for RUN/HOLD to go high. As above,
Integrate (Phase I begins seven clock periods after the high
level is detected.

Direct Mode

When the MODE pin is left at a low level, the data outputs
(bits 1 through 8 low order byte, bits 9 through 12, polarity
and ovér‘range high order byte) are accessible under control
of the byte and chip enable terminals as inputs. These three
inputs are all active low, and are provided with pullup
resistors to ensure an inactive high level when left open.
When the chip enable input is low, taking a byte enable input
low will allow the outputs of that byte to become active
(three-stated” on). This allows a variety of parallel data
accessing technigues to be used, as shown in the section
entitled “Interfacing.” The timing requirements for these
outputs are shown in Figure 6 and Table 3.

Table 3 - Direct Mode Timing Requirements

SYMBOL | DESCRIPTION MIN TYP MAX | UNITS

tBEA Byte Enable Width | 200 500 ns
Data Access Time

tpaB from Byte Enable 150 300 ns
Data Hold Time

toHB from Byte Enable 150 300 ns

tCEA Chip Enable Width| 300 500 ns
Data Access Time )

tbac from Chip Enable 200 400 ns
Data Hold Time

toHC from Chip Enable 200 400 ns

< tCEA ~—>

ST\ [T\

e g A
As :ﬁ W—\__‘ J Ek;\z :\Y\ )
AS IE[E—E /'£ 2[( ;; //( Z/// ' “\S '\&\ IW

toag—> = > |=-tDHB

1]

- —
HIGH BYTE ________+ pAaTAlY _ . _ 1 _foataly _
DATA VALID VALID
—
tnaC—>| -  —» |=—tDHC
LOWBYTE __ _ _ _ _ ____.___ e b foATa Y
DATA ~ ~ F=<vaup

= o = == HIGH IMPEDANCE

Figure 6: Direct Mode Output Timing

It should be noted that these control inputs are
asynchronous with respect to the converter clock - the data
may be accessed atany time. Thus itis possible to access the
data while it is begin updated, which could lead to scrambled
data. Synchronizing the access of data with the conversion
cycle by monitoring the STATUS output will prevent this.
Data is never updated while STATUS is low.

Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the ADC-7109 to digital systems, where
the A/D converter becomes active in controlling the flow of
data instead of passively responding to chip and byte enable
inputs. This mode is specifically designed to allow a direct
interface between the ADC7109 and industry-standard
UARTSs (such as the Intersil CMOS UARTSs, IM6402/3) with no
external logic required. When triggered into the handshake
mode, the ADC-7108 provides all the control and flag signals
necessary to sequence the two bytes of data into the UART
and initiate their transmission in serial form. This greatly
eases the task and reduces the cost of designing remote data
acquisition stations using serial data transmission to
minimize the number of lines to the central controlling
processor.

Entry into the handshake mode is controlled by the MODE
pin. When the MODE terminal is held high, the ADC-7109 will
enter the handshake mode after new data has been stored in
the output latches at the end of every conversion performed
(See Figures 7 and 8). The MODE terminal may also be used
to trigger entry into the handshake mode on demand. At any
time during the conversion cycle, the low to high transition of
a short pulse at the MODE input will cause immediate entry

53C



ADC-7109

ZERO CROSSING

INTEGRATOR .~ DETECTED

OUTPUT

/ OCCURS ZERO CROSSING

e T

INTERNAL
LATCH

STATUS
OUTPUT

MODE
INPUT
MODE HIGH ACTIVATES

INTERNAL UART CE/LOAD. HBEN, LBEN
MODE NORM A

SEND ] !
__SENSED.

- T ATES
/ UART MODE

SEND
INPUT

HBEN \

HIGHSVTE e i e i o e e e s e e

ATA \

DATA VALID ) autmtend

MODE LOW, NOT
IN HANDSHAKE MODE
DISABLES OUTPUTS CE/LOAD

LBEN
LOWBYTE o e ‘__—
DATA _1

DON'T CARE ——

e

OAD. HBEN LBEN

L \_.L._

'——.————._—_1—. DATA VALID [P,

—4 b THREE-STATE WITH PULLUP

*

THREE-STATE HIGH IMPEDANCE

Figure 7: Handshake With Send Held Positive

ZERO CROSSING
OCCURS

INTEGRATOR DETECTED
ouTPUT

ZERO CROSSING

INTERNAL
CLOCK I l

INTERNAL [_—
LATCH

STATUS
OUTPUT

MODE
INPUT

INTERNAL UART

SEND
SENSED

"\\\

I T TES
i //‘ UART MODE

DATA VALID R S SR S RS U —p—

i NORM
MODE SEND SEND
__—1" SENSED SENSED ™
SEND INPUT
(UART TBRE) :
CE/LOAD OUTPUT
(UART TBRL)
HBEN
DATA e - g
LBEN
LOW BYTE
DATA == = = = == e o o e e e e e e e fon e o e 4(
DON'T CARE = —e=e THREE-STATE HIGH IMPEDANCE

DATA VALID

Figure 8: Handshake - Typical UART Interface Timing

54C




ADC-7109

into the handshake mode. If this pulse occurs while new data
is being stored, the entry into handshake mode is delayed
untif the data is stable. While the converter is in the hand-
shake mode, the MODE input is ignored, and although
conversions will still be performed, data updating will be
inhibited (See Figure 9) until the converter completes the
output cycle and clears the handshake mode.

When the converter enters the handshake mode, or when the
MODE input is high, the chip and byte enable terminals
become TTL-compatible outputs which provide the control
signals for the output cycle (See Figures 7, 8, and 9).

In handshake mode, the SEND input is used by the converter
as an indication of the ability of the receiving device (such as
a UART) to accept data.

Figure 7 shows the sequence of the output cycle with SEND
held high. The handshake mode (Internal MODE high) is
entered after the data latch pulse (since MODE remains high
the CE/LOAD, LBEN and HBEN terminals are active as
outputs). The high level at the SEND input is sensed on the
same high to low internal clock edge. On the nextlow to high
internal clock edge, the CE/LOAD and the HBEN outputs
assume a low level, and the high-order byte (bits 9 through
12, POL, and OR) outputs are enabled. The CE/LOAD output
remains low for one full internal clock period only, the data
outputs remain active for 1-1/2 internal clock periods, and
the high byte enable remains low for two clock periods. Thus
the CE/LOAD output low level or low to high edge may be
used as a synchronizing signal to ensure valid data, and the

INTERNAL
CLOCK

INTERNAL
LATCH

byte enable as an output may be used as a byte identifi-
cation flag. With SEND remaining high the converter
completes the output cycle using CE/LOAD and LBEN while
the low order byte outputs (bits 1 through 8) are activated.
The handshake mode is terminated when both bytes are
sent.

Figure 8 shows an output sequence where the SEND inputis
used to delay portions of the sequence, or handshake. to
ensure correct data transfer. This timing diagram shows tti
relationships that occur wusing an industry-standard
IM6402/3 CMOS UART to interface to serial data channels.
In this interface, the SEND input to the ADC-7109 is driven by
the TBRE (Transmitter Buffer Register Empty) output of the
UART, and the CE/LOAD terminal of the ADC-7109 drives the
TBRL (Transmitter Buffer Register Load) input to the UART
The data outputs are paralleled into the eight Transmitter
Buffer Register inputs.

Assuming the UART Transmitter Buffer Register is empty,
the SEND input will be high when the handshake mode is
entered after new data is stored. The CE/LOAD and HB'=N
terminals will go low after SEND is sensed, and the high
order byte outputs become active. When CE/LOAD goes
high at the end of one clock period, the high order byte data
is clocked into the UART Transmitter Buffer Register. The
UART TBRE output will now go low, which halts the output
cycle with the HBEN output low, and the high order byte
outputs active. When the UART has transferred the data to
the Transmitter Register and cleared the Transmitter Buffer
Register, the TBRE returns high. On the next ADC-7109
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Figure 9: Handshake Triggered By Mode
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internal clock high to low edge, the high order byte outputs
are disabled, and one-half internal clock later, the HBEN
output returns high. At the same time, the CE/LOAD and
LBEN outputs go low, and the low order byte outputs
become active. Similarly, when the CE/LOAD returns high at
the end of one clock period, the low order data is clocked into
the UART Transmitter Buffer Register, and TBRE again goes
low. When TBRE returns to a high it will be sensed on the

next ADC-7109 internal clock high to low edge, disabling the -

data outputs. One-half internal clock later, the handshake
mode will be cleared, and the CE/LOAD, HBEN, and LBEN
terminals return high and stay active (as long as MODE stays
high!.

With the MODE input remaining high as in these examples,
the converter will output the results of every conversion
except those completed during a handshake operation. By
triggering the converter into handshake mode with a low to
high edge on the MODE input, handshake output sequences
may be performed on demand. Figure 9 shows a handshake
output sequence triggered by such an edge. In addition, the
SEND input is shown as being low when the converter enters
handshake mode. In this case, the whole output sequence is
controlled by the SEND input, and the sequence for the first
thigh order! byte is similar to the sequence for the second
byte. This diagram also shows the output sequence taking
longer than a conversion cycle. Note that the converter still
makes conversions, with the STATUS output and
RUN/HOLD input functioning normally. The only difference
is that new data will not be latched when in handshake mode.
and is therefore lost.

Oscillator

The ADC-7109 is provided with a versatile three terminal
oscillator to generate the internal clock. The oscillator may
be overdriven, or may be operated as an RC or crystal
oscillator. The OSCILLATOR SELECT input changes the
internal configuration of the oscillator to optimize it for RC
or crystal operation.

When the OSCILLATOR SELECT input is high or left open
(the input is provided with a pullup resistor), the oscillator is
configured for RC operation, and the internal clock will be
of the same frequency and phase as the signal at the
BUFFERED OSCILLATOR OUTPUT. The resistor and
capacitor should be connected as in Figure 10. The circuit
will oscillate at a frequency given by f = .45/RC. A 100k(}
resistor is recommended for useful ranges of frequency. For
optimum 60Hz line rejection, the capacitor value should be
chosen such that 2048 clock periods is close to an integral
multiple of the 60Hz period.

25
BUFFERED
oscC
out

]
V' OR OPEN 1
fosc .45/RC

Figure 10: RC Oscillator
When the OSCILLATOR SELECT inputis low a feedback de-

vice and output and input capacitors are added to the
oscillator. In this configuration, as shown in Figure 11, the
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oscillator will operate with most crystals in the 1 to 5MHz
range with no external components. Taking the OSCILLATOR
SELECT input low also .inserts a fixed +58 divider circuit
between the BUFFERED OSCILLATOR OUTPUT and the
internal clock. Using an inexpensive 3.58MHz TV crystal, this
division ratio provides an integration time given by:

T - 12048 clock periods) X ( ) - 33.18ms

3.58MHz

This time is very close to two 60Hz periods or 33.33ms. The
error i1s less than one percent, which will give better than
40dB 60Hz rejection. The converter will operate reliably at
conversion rates of up to 30 per second. which corresponds
to a clock frequency of 245.8kHz. :

If at any time the oscillator is to be overdriven, the over-
driving signal should be applied atthe OSCILLATOR INPUT,
and the OSCILLATOR OUTPUT should be left open. The
internal clock will be of the same frequency, duty cycle, and
phase as the input signal when OSCILLATOR SELECT is left
open. When OSCILLATOR SELECT is at GND, the clock will
be a factor of 58 below the input frequency.

When using the ADC-7109 with the IM6403 UART , itis possibie
to use one 3.58MHz crystal for both devices. The BUFFERED
OSCILLATOR OUTPUT of the ADC-7109 may be used to drive
the OSCILLATOR INPUT of the UART, saving the need fora
second crystal. However, the BUFFERED OSCILLATOR
OUTPUT does not have a great deal of drive, and when driv-
ing more than one slave device, external buffering should be
used.

Test input

When the TEST input 1s taken to a level halfway between V'
and GND. the counter output latches are enabled. allowing
the counter contents to be examed anytime.

When the TEST input is connected to GND, the counter
outputs are all forced into the high state, and the internal
clock isdisabled. When the input returns to the 1/2 (V' -GND)
voltage or to V' and one clock is input, the counter outputs
will all be clocked to the negative state. This allows easy
testing of the counter and its outputs.

INTERFACING

Direct Mode

Figure 12 shows some of the combinations of chip enable
and byte enable control signals which may be used when
interfacing the ADC-7109 to parallel data lines. The CE/LOAD
input may be tied low, allowing either byte to be controlled
by its own enable as in Figure 12A. Figure 12B shows a
configuration where the two byte enables are connected
together. In this configuration, the CE/LOAD serves as a
chip enable, and the HBEN and LBEN may be connected to
GND or serve as a second chip enable. The 14 data outputs
will all be enabled simultaneously. Figure 12C shows the
HBEN and LBEN as flag inputs, and CE/LOAD as a master
enable, which could be the READ strobe available from most
microprocessors.
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oND GND CHIP SELECT 1 GND CHIP SELECT
A. B. C.
MODE CE/LOAD MODE CE/LOAD MODE CE/LOAD
Bo-B12[ " _ B9-B12
POL. OR poL,or| 6
el
ADC-7109 ADC-T109 ’ ADC-T109
B1-B8| 8 B1-B8| 8
ANALOG ANALOG ANALOG
IN IN IN
RUN/HOLD j=——— RUN/HOLD |[+——— RUN/HOLD f=———
CONVERT CONVERT o "l converT
HBEN LBEN HBEN  LBEN HBEN LBEN
T . T GND OR I T T
CONTROL CHIP SELECT 2 BYTE FLAGS

Figure 12: Direct Mode Chip and Byte Enable Combinations

Figure 13shows an approach to interfacing several- ADC-7109s
to a bus, ganging the HBEN and LBEN signals to several
converters together, and using the CE/LOAD inputs
(perhaps decoded from an address) to select the desired
converter.

Some practical circuits utilizing the parallel three-state
output capabilities of the ADC-7109 are shown in Figures 14
through 19. Figure 14 shows a straightforward application to
the Intel MCS-48, -80 and -85 systems via an 8255PPI, where
the ADC-7109 data outputs are active atall times. The IO ports
of an 8155 may be used in the same way. This interface can
be used in a read-anytime mode, although a read performed
while the data latches are being updated will lead to
scrambled data. This will occur very rarely, in the proportion
of setup-skew times to conversion time. One way to
overcome this is to read the STATUS output as well, and if it
is high. read the data again after a delay of more than 1/2
converter clock period. If STATUS is now low. the second
reading 1s correct, and if it is still high, the first reading is
correct. Alternatively. this timing problem s completely
avoided by using a read-after-update sequence, as shown in
Figure 15. Here the high to low transition of the STATUS
output drives an interrupt to the microprocessor causing itto

access the data. This application also shows the RUN/HOLD
input being used to initiate conversions under software
control.

A similar interface to Motorola MC6800 or MOS Technology
MCS650X systems is shown in Figure 16. The high to low
transition of the STATUS output generates an interrupt via
the Control Register B CB1 line. Note that CB2 controls the
RUN/HOLD pin through Control Register B, allowing
software-controlled initiation of conversions in this system
also.

Figure 17 shows an interface to the Intersil IM6100 CMOS
microprocessor family using the IM6101 PIE to control the
data transfers. Here the data is read by the microprocessor in
an 8-bit and a 6-bit word, directly from the ADC-7109 to the
microprocessor data bus. Again, the high to low transition of
the STATUS output generates an interrupt leading to a
software routine controlling the two read operations. As
before, the RUN/HOLD input to the ADC-7109 is shown as
being under software control.

The three-state output capability of the ADC-7109 allows
direct interfacing to most microprocessor busses. Examples
of this are shown in the Typical Connection Diagram on

CONVERTER CONVERTER CONVERTER
SELECT SELECT SELECT
< 8-BIT BUS é
GND —] GND ————I GND —‘
MODE CE/LOAD MODE CE/LOAD| MODE  CE/LOAD
B9-B12 B9-B12 B9-B12
poL, OR| 6 poL, or| € POL,OR| 6
ADC-7109 ADC-T109 ADC-7109
|:> B1-88] 8 B1-88| 8 B1-B8| 8
ANALOG ANALOG ANALOG
IN IN IN
RUN/HOLD -5V RUN/HOLD +5V RUN/HOLD | +5V
HBEN  LBEN HBEN LBEN HBEN  LBEN

BYTE SELECT FLAGS <'

Figure 13: Three-stating Several 7109's to a Small Bus
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Page 3 and in Figures 18 and 19. It is necessary to carefully
consider the systemtiming in this type of interface, to be sure
that requirements for setup and hold times, and minimum
pulse widths are met. Note also the drive limitations on long

memory peripheral address density is low so that'simple
address decoding can be used. Interrupt handling can also

~ require many additional components, and using an interface
device will usually simplify the system in this case.

busses. Generally this type of interface is only favored if the

ADDRESS BUS

| |

CONTROL BUS

DATA BUS

[ [ ]
L

oy 17 11 T 13 11
MODE CE/LOAD RD WR D7-DO AQ-A1
B9-B12 ‘ > cs
POL. OR 3 PAs-PA(
RUN/HOLD -5V
g INTEL INTEL
ADC-T109 8255 8008, 8080
B1-B8 8 PB:-PB, (MODE 0) 8085, 8048 ETC
ANALOIG STATUS }— — — — — —] PCs
N SEE TEXT
HBEN LBEN

Figure 14: Full-time Parallel Interface to INTEL Microcomputer Systems

ADDRESS BUS

| [

CONTROL BUS

| | ||

o DATA BUS
D13 1) oo 1
MODE CE/LOAD ‘| RD WR D7-D0 AQ-A1
B9-B12 \ cs
POL. OR 5 )| PAs-PA0
RUN/HOLD PCs
INTEL INTEL
ADC-7109 8255 8008, 8080
B1-B8 8 PB7-PBo 8085, 8048 ETC
ANALOG §TBa
; N sTaTus |—| PCs
1uF
10k¢)
— pCs | INTRA INTR
HBEN . LBEN ey
SEE TEXT

w11
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Figure 15: Full-time Parallel Interface to INTEL Microcomputers With Interrupt
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GND ———| ~ ~]
MODE
B9-B12] (
6 PAO-5
PoL. on :> cre N
ADC-T109 MC6800
OR
B1-B8 8 PBO-7 MCS650X
MC6820
ANALOG
IN STATUS cB1
RUN/HOLD cB2 <:>
CE/
LOAD HBEN LBEN
oot L] L
ADDRESS DATA CONTROL
BUS BUS BUS
Figure 16: Full-time Parallel Interface to MC6800 or MCS650X Microprocessors
1
12-BIT DATA BUS <
MODE CE/LOAD
B9-B12]
POL. OR 12
IM6101 IM6100
ADC-T109 CMOS CcCMOS
PIE P
B81-88| 8
ANA"OIﬁ STATUS SENSE 1
RUN/HOLD - WRITE (OR FLAG)
LBEN HBEN READ 1 READ 2
e CONTROL BUS 9
Figure 17: ADC-7109-IM6100 Interface Using IM6101 PE
é ADDRESS BUS . j
Al4 At5 ﬁ
A CONTROL BUS <
RD*
e DATA BUS G
HBEN LBEN
Bo-B12[ o
POL, OR
INTEL
ADC-7109 8008, 8080, 8085
B1-B8| 8
ANALOG
IN
CE/LOAD
— *MEMR or IOR
MODE _ RUN/HOLD for 8080/8228 System

GND +5V
Figure 18: Direct ADC-7109-INTEL 8080/8085 Interface
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GND — -5V
] [

MODE RUN/HOLD
B9-B12[ o %
POL. OR N\
MC6800
B1-88| s OR
MCS650X
ANALOG
IN R
HBEN
N 74C42 A0-A2
LBEN
CE/LOAD
T . A15-A10
74C30
‘ < R/W, VMA

L~ L~
ADDRESS DATA CONTROL
BUS BUS BUS

Figure 19: Direct ADC-7109 — MC6800 Bus Interface

Handshake Mode

The handshake mode allows ready interface with a wide
variety of external devices. For instance. external latches
may be clocked by the rising edge of CE/LOAD. and the byte
enables may be used as byte identification flags or as load
enables.

Figure 20 shows a handshake interface to Intel microproces-
sors again using an 8255PPI. The handshake operation with
the 8255 is controlled by inverting its Input Buffer Full (BF
flag to drive the SEND input to the ADC-7109, and using the
CE/LOAD to drive the 8255 strobe. The internal control
register of the PPI should be set in MODE 1 for the portused.
If the 7109 is in handshake mode and the 8255 IBF flag is low,
the next word will be strobed into the port. The strobe will
cause IBF to go high :SEND goes low), which will keep the
enabled byte outputs active. The PPl will generate an
interrupt which when executed will result in the data being
read. When tie byte isread, the IBF will be reset low, which
causes the ADC-7109 to sequence into the next byte. This
figure shows the MODE input to the ADC-7109 connected to a
control line on the PPI. If this output is left high, or tied high

separately. the data from every conversion (provided the
data access takes less time than a conversion! will be
sequenced In two bytes into the system.

If this output i1s made to go from low to high, the output
sequence can be obtained on demand. and the interrupt may
be used to reset the MODE bit. Note that the RUN/HOLD
input to the ADC-7109 may also be driven by a bit of the 8255 so
that conversions may be obtained on command under
software control. Note that one port of the 8255 1s not used.,
and can service another peripheral device. The same
arrangement can also be used with the 8155.

Figure 21 shows a similar arrangement with the MC6800 or
MCS650X microprocessors, except that both MODE and
RUN/HOLD are tied high to save port outputs.

The handshake mode is particularly convenient for directly
interfacing to industry standard UARTs (such as the Intersil
IM6402/6403 or Western Digital TR1602) providing a
minimum component count means of serially transmitting
converted data. A typical UART connection is shown on
page 3. In this circuit, any word received by the UART causes

0 ADDRESS BUS ]

¢ cor»r!'ROLf BUS ﬁ {
[ 1] ||

s DATA BUS P

IES:

o U

2l —
M

D7-D0 AO-A1
B9-B12[ Cs
POL, OR 1 PA7-PAQ
ADC-7108
B1-B8| 8 INTEL INTEL
8255 8008, 8080
____ =5 (MODE 1 8085, 8048 ETC
CE/LOAD STBA Jpc, )
ANALOG SEND BFA |,
IN
RUN/HOLD PCs
MODE PC; PCs INTR

Figure 20: Handshake Interface — ADC-7109 to INTEL MCS-48, -80, 85
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MODE RUN/HOLD
CRA [-- 100-01
ADC-7109 MC6820
E_ PAO-PA7

ANALOG _

IN CE/LOAD ca1

SEND <—«>4— CA2
LBEN HBEN

MC6800
OR
MCS650X

-
g -

(

il ﬁfH

| |

Figure 21:
the UART DR (Data Ready’ output to go high. Thisdrives the
MODE input to the ADC-7109 high, triggering the ADC-7109 into
handshake mode. The high order byte is output to the UART
first, and when the UART has transferred the data to the
Transmitter Register, TBRE (SEND) goes high and the
second byte 1s output. When TBRE (SEND! goes high again,
LBEN willgo high. driving the UART DRR (Data Ready Reset)
which will signal the end of the transfer of data from the
ADC-7109 to the UART.

Figure 22 shows an extension of the one converter - one
UART scheme of the Typical Connection to several
ICL7109s with one UART. In this circuit, the word received
by the UART :available at the RBR outputs when DR is high!

L~ L~
ADDRESS DATA  CONTROL
BUS BUS BUS

Handshake Interface — ADC-7109 to MC6800, MCS650X

is used to select which converter will handshake with the
UART. With no external components, this scheme will allow
up to eight ADC-7109s to interface with one UART. Using a few
more components to decode the received word will allow up
to 256 converters to be accessed on one serial line.

The applications of the ADC-7109 are not limited to those
shown here. The purpose of these examples is to provide a
starting point for users to develop useful systems, and to
show some of the variety of interfaces and uses of the
ADC-7109 . Many of the ideas suggested here may be used in
combination; in particular the uses of the STATUS,
RUN/HOLD. and MODE signals may be mixed.

Eem SERIAL OUTPUT e
O IM6403 CMOS UART
| SERIAL INPUT j+——
TBRL DRR TBRE  RBR1-RBRS TBR1-TBRS
! {, pe PN
2 3
[
| 1 T T
. I T [ 1 [ 1 |
Y_ 8-BIT DATA BUS 3
[
]
|
|
MODE CE. SEND MODE CE/ SEND MODE CE/ SEND
LOAD LOAD LOAD
B9-B12 B9-B12 B9-B12
poL. OR| © poL.or| © poOL.OR| 6
ADC-T109 ADC-T109 ADC-7109
X B1-B8| 8 > B1-88| 8 B1-B8| 8
ANALOG ANALOG ANALOG
IN IN IN
RUN/HOLD 5V RUN/HOLD 5V RUN/HOLD -5V
HBEN  LBEN HBEN LBEN HBEN  LBEN

o |

|

Figure 22: Multiplexing Converters with Mode Input
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FEATURES .
e Continuous Tracking Operation
¢ 10¢ Conversions/sec
© 10 Bit Resolution
¢ Monotonic Over Temperature
® Controllable Outputs

¢ TTL/CMOS Compatible
GENERAL DESCRIPTION

The ADC-856 is a 10 bit tracking A/D
converter, capable of supplying continu-
ously updated conversion data on full scale
sinusoidal signals up to 300 Hz without the
need for a sample and hold. This converter
is linear to £% LSB min. and is monotonic
over its operating temperature range. A
number of innovative features give this
device the flexibility for a wide range of
applications.

The circuit is implemented in bipolar,
monolithic form. The chip contains a fast
window comparator, tracking logic, an
up/down counter, a D/A converter, a
precision voltage reference with amplifier,
data transfer-gates, and a data latch/shift
register. The external parts required for
operation have been held to a few passive
components, and allow external program-
ming of the analog input voltage range.
Gain temperature coefficient of the circuit is
+10 ppm/°C, exclusive of reference.

The ADC-856 is optimized for operationina
continuous tracking mode. In this conver-
sion technique each conversion of an
analog signal is based onthe last converted
value of that signal. For signals that do not
vary faster than the converter can track, or
1 LSB/usec, continuous tracking will
provide a valid, updated.conversion result
every microsecond.

Logic control inputs contribute to this
device's usefulness in many different
applications. The data transfer gates allow
selection of the rate at which the output
latch/ shift register is updated. The rate may
vary from once every microsecond to
updating only upon receipt of a command
from an external controller. External control
also allows selection of output data form,
which may be parallel or serial (by
supplying an optional clock input). The
outputs may be disabled completely in
either mode by holding the output enable
input low.

The ADC-856 operates on =5 VDC power
at 50 mA with a power supply rejection of
0.1%/V. The device is packaged in a 28
ceramic DIP and is available in two
operating temperature ranges: 0°C to
+70° C and —55° C to +125°C.

b

Monolithic 10 Bit

Tracking A/D Converter

ADC-856

+5VDC GROUND -6VDC
COMPENSATION (3
REF.
REF. AMP. > AMP.
GND = 10) lout
D TO A CONVERTER 9) Iner
REF. AMP. +
* G . 3) D/A GND 2
-]
WINDOW A k A A A =
COMPARATOR (7 COMPARATOR o
IN + up =
’ 5
UP/DOWN COUNTER
COMPARATOR (5 - DOWN o
N.C. 0
cLock (18 -
REF. OUT (8 INTERNAL / Y } \ ot
REFERENCE )
REF.GND (7 -
-
TRANSFER DATA (28 DATA TRANSFER GATES -l
DATA (|7 T >
CLOCK T DATA LATCH/SHIFT REGISTER 0
OUTPUT LoGiC
ENABLE \Z Z
3
-]
27)(26) (5 29 (@) @)(21) () (19)(8 ~
BT 1 :2 3 4 5 6 7 8 9 10 o
(MSB) OUTPUT DATA (LSB) 0
-]
-
<
[}
. =
®
MECHANICAL DIMENSIONS INPUT/OUTPUT L]
INCHES (MM) CONNECTIONS >
| = PIN_ [ FUNCTION PIN_ | FUNCTION 9
rm - 1 POWER GROUND | 15 CLOCK ®
Becnnnooonnonf 2 —5VDC 16 DATA GLOCK A
Dm 1 3 COMPENSATION 17 OUTPUT ENABLE o
INTERSIL 060 7 REF. AMP. GND. 18 BIT 10 OUT (LSB)
ADC-8%6 152 5 REF. AMP. IN 19 BIT 9 OUT
6 REF. OUT | 20 BIT 8 OUT
e 7 REF. GND. 21 BIT 7 OUT
T 1 8 D/A GND. 22 BIT 60UT
PIN 1 1IDENT.
9 i 23 BIT 5 OUT
10 ot 24 BIT 4 OUT
L 1 COMPARATORIN |25 BIT 3 OUT
o 12 COMPARATOR GND. | 26 BIT 2 OUT E
' 13 +5VDC 27 BIT 1 OUT* (MSB) -
01438 14 N.C. 28 TRANSFER DATA 1]
*Serial data output when in serial data mode >
0.1012,5) TYP. [1]
: 2
. [
-
(7]
-
-
=
]
=
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SPECIFICATIONS ADC-856

Typical at 25°C, =5V Supply and Internal Reference, uniess otherwise noted

MAXIMUM RATINGS

Supply Voltage ..................... +7 Volts
Logic Input Voltage ................. 0V to +Vec
PERFORMANCE
Resolution.......................... 10 Bits
Linearity Error ...................... +Y% LSB max.
Differential Linearity Error........... +% LSB .
No Missing Codes .................. Over Oper. Temp. Range
Conversion Time, 1 LSB change..... 1 usec.
Conversion Time, Full Scale Change. 1.024 msec!
Tracking Speed. .................... 1 LSB/usec max.
Tracking Bandwidth, Full Scale....... 300 Hz?
GainTempco........ccocvvveeennn.. 10 ppm/° C*
ZeroTempco .......ccovvviivennnn. 7 ppm/°C of FSR®
Power Supply Rejection............. 0.1%/V

INPUTS

Analog Input Range’, Unipolar ......

Bipolar. .......
Reference Current ..................
Input Logic Level, HI (“17)...........
Input Logic Level, LO (“0”) ..........
Clock Pulse Width ..................
ClockRate ...............oovivennn.
Data Transferlnput .................

Output Enable Input ................

Data Clock Input ...................

0 to +5V, 0 to +10V

2.5V, £5V, £10V

1 mA £0.2 mA

+2.0V min @ 50 uA3

+0.8V max. @ 1 uAd

100 nsec. min.

1 MHz max.

Hold HI for 50 nsec. min.

to load output latches

When LO, disables data clock and
turns outputs off (HI)

When driven by clock at < 1MHz
with min. pulse width of 100 nsec.,
provides serial data ouput at

Pin 27.

OUTPUTS
Reference Voltage ..................
Reference Tempco..................
Reference Load Current, max. .......
D/A Output Current, Full Scale ......
DataOutput ........................
Output Logic Level, HL.(“17) .........
Output Logic Level, LO (“0”) ........
Coding, Unipolar ...................
Coding, Bipolar.....................

2.48V £1.5%

40 ppm/°C

4 mA

4 mAS

Parallel or Serial
+2.4V min. @ —40 pA
+0.4V max. @ 1.6 mA
Straight Binary

Offset Binary

POWER REQUIREMENT

Supply Voltage Range ..............

Supply Current .....................

Power Consumption ................

Operating Temperature Range
ADC-856C............cocvvvvuennn
ADC-856M .......................

Storage Temperature Range.........

Package................cooiiiiilnn

+4.5V to £5.5V
50 mA
500 mW

0°C to +70°C
-55°C to +125°C
—55°C to +125°C
28 Pin Ceramic DIP

TECHNICAL NOTES

1.The transfer of conversion data to the outputs is
controlled by the transfer gates. When TRANSFER
DATA is held high the outputs update with each
conversion. To update the outputs upon command,
TRANSFER DATA is taken high for a maximum of 50
nsec., no sooner than 150 nsec. after the active
(negative going) edge of the main clock.
TRANSFER DATA must go low before the next
main clock edge. When TRANSFER DATA is low,
the data is held in the output register.

2.Conversion data appears at the outputs in parallel
form. Data may be obtained in serial form by
clocking DATA CLOCK at up to 1 MHz, with a
minimum pulse width of 100 nsec and TRANSFER
DATA low. Serial output data (MSB first) is then
available at pin 27.

3.When OUTPUT ENABLE is taken low DATA
CLOCK is disabled and all output transistors are
turned off (all bit outputs go high).

4.The converter tracks the input signal level at a
speed of 1 LSB/ usec; thus the conversion time for
any input signal change is given by

Av_‘”= conversion time in usec
1LSB

5.Full Scale D/A output current is four times the
reference current; for optimum performance the
reference current should be 1 mA. An external
reference can be used which canrange from.8 mA
to 1.2 mA.

6. The tracking bandwidth is inversely proportional to
the amplitude of the input signal, e.g., at half scale
the bandwidth is 600 Hz.

7.The window comparator and tracking logic
determine whether the up/down counter will count
up/count down or retain the same value on the
negative going edge of the clock pulse.

8.Since the gain tempco of the converter is typically
10 ppm/°C, it is recommended that 10 ppm/°C
metal film resistors be used for Rs, R and R;s for
best performance over temperature. The internal
reference will typically add 40 ppm/° C to the gain
tempco. For improved performance a high quality
external reference should be used.

9.R: and R, compensate for the input bias currents of
the reference amplifier and comparator whose
inputs are at virtual ground. Thus Ry =R;and R, =
the parallel combination of Rs, Rs and Rs. The
parallel combination of Ry, Rs and R, should be as
close to 625() as possible as this determines the
D/A settling tim e and therefore conversion time.
Refer to the resistor tables for a list of typical values
for these resistors.

NOTES:

N =

half scale bandwidth is 600 Hz.
Vg = £5.5V
Exclusive of Reference.

No o s

Conversion time is directly dependent on the magnitude of input signal change.
Tracking bandwidth is inversely proportional to input signal amplitude, e.g. at

The Full Scale D/A Output Current is 4 Times lrgk.
FSRis Full Scale Range, the difference between maximum and minimum inputs.
Analog input range is programmed by an external resistor.

ORDERING INFORMATION

MODEL OPER. TEMP. RANGE
ADC-856C 0°C to +70°C
ADC-856M —55°C to +125°C

THESE CONVERTERS ARE COVERED
BY GSA CONTRACT
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APPLICATIONS

THEORY OF OPERATION

TIMING DIAGRAM

The ADC-856 converters employ a tracking H 100 ppec., i —l
conversion technique. Tracking converters are 900 nsec., min.

most effectively used in single channel CLOCK L0 | _ ‘

operations on a continuous signal. In this : couvsnstoNTlME—————|
technique each conversion is based on the 10 nsec.fu

previous conversion value. A fast window i min.

comparator determines whether an up/down H Lo 77T B

counter increments by 1 LSB, decrements by 1 +TRANSFER “’—t‘ o aat oL Obeksenera CLOCK efp0—s)

LSB or remains at its last value. The digital word DATA LO i 1

in the counter controls a D/A converter with a
precision reference; the analog output goes to
the comparator and is compared with the analog
input signal.

Hi N —— 1

** DATA v
CLOCK LO L

For signals with a rate of change less than the
converter's maximum rate of change (tracking

speed), each comparison represents a valid HI 7
conversion and the converter is therefore DATA QUTPUTS ENABLED
tracking the signal. Tracking is not possible oureur DATA QUTPUTS DISABLED (LATCHED Hi)

when the input signal varies at a rate greater
than the converter's maximum or is discontinu-
ous, as in multiplexed applications. In these
cases the converter will change at its maximum
rate (1 LSB/usec) until it attains the new signal
level. While this acquisition is in progress, each
converter step is available to the output as data,
even though it does not yet represent the input
signal level. The time required to acquire a new

*|F TRANSFER DATA IS HELD HI, THEN THE COUNTER OUTPUTS APPEAR DIRECTLY AT THE BIT OUTPUTS.
**DRIVEN FOR SERIAL DATA OUTPUT ONLY

CODING TABLES

UNIPOLAR OPERATION
STRAIGHT BINARY

BIPOLAR OPERATION
OFFSET BINARY

signal level is directly proportional to its SCALE CODE SCALE CODE
difference from the previous level; for a full scale +FS —1 LSB 1111111111 +FS -1 LSB 111111111
change this period is over 1 msec. Allowance +% FS 1100000000 e ES?B 000000
should be: made for the acquisition time when a +% FS 1000000000 0 1000000000
rapid sigrial change is introduced. +AFS 0100000000 -1 LSB 0111111111
+1LSB 0000000001 A 0100000000
0 0000000000 —-FS +1 LSB 0000000001
-FS 0000000000
OUTPUT LOGIC CONTROL
UP/DOWN
COUNTER
BIT OUTPUT DIAGRAM
° -0 +5V TRANSFER
DATA TRANSFER
o] GATES
aK
DATA
CcLOCK
16 0—— oUTPUT
CONTROL DATA LATCH/SHIFT REGISTER
17 0—— LOGIC .
OUTPUT
ENABLE i
LsB l l l i l l lMSB/SER!AL OUTPUT DATA
o o o o
. O OV PARALLEL DATA OUTPUTS
IF OUTPUT ENABLE IS

ALL OUTPUTS TRANS!SBTORS ARE TRANSFER DATA (PIN 28) DATA CLOCK (PIN 16) OUTPUT ENABLE (PIN 17)

Ko
QUTPU HI: Data available at

Hi: Min. 50 nsec pulse transfers HI: Clocked at up to 1 MHz

parallel data from the up/
down counter to the data
latch/shift register. May

be held high for continuous

data transfer

LO: Data in latches held, new
data from counter not

transferred to data latches

for serial data output
at Pin 27, MSB first

LO: Output data in parallel
format at pins 18-27

outputs (parallel
or serial)

LO: Output transistors
turned OFF, all
data outputs latched
HI
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CONNECTION AND CALIBRATION

CONNECTION & CALIBRATION DIAGRAM

~5vDC +8VDC

CALIBRATION PROCEDURE

1. Connect the converter as shown in the connection
diagram. Note that Pin 6 is connected to R; and Rs _,E—l ,):‘I
only when the internal reference is used (dotted |

line on diagram). - ‘ ’ ’ h MSB/SERIAL DATA OUTPUT
2. Select R, through Re from values given in the 4 7T
resistor table or calculate from the equations that !
accompany it. —s !
3. Drive the MAIN CLOCK input (Pin 15) with a i
compatible clock signal at up to 1 MHzand apply a 6 :
logic Hi to TRANSFER DATA (Pin 28). =Lﬁ,.g : BATA BopUTS
7 1
| t
UNIPOLAR OPERATION = ADC-856 %
Zero and Gain Adjustments L . !
1. Apply an analog input voltage of zero +% LSB. | fycam . i
Ls8
2. Adjust the zero adjustment so that the output code AT | arouan
flickers between 000..000 and 000...001. OFsen "
3. Apply an analog input voltage of +F.S. —1% LSB.
R
4. Adjust the gain adjustment (Rs) so that the output s v - "
code flickers between 111..110 and 111..111, NPUT i
R2(BIAS COMP) i hil ' i 2 e
BIPOLAR OPERATION i l [ l l
Offset and Gain Adjustments *E“EEN‘?E‘%{:}/;FE!’“ ysnG CLOCK  DATA,  QUTPUT TRANSFER
1. Apply an analog input voltage of —=F.S. +!» LSB.
2. Adjust the offset adjustment (Rs) so that the output
code flickers between 000..000 and 000...001. RESISTOR TABLES
3. Apply an analog input voltage of +F.S. —1%: LSB.
4. Adjust the gain adjustment (Rs) so that the output ANALOG INPUT , |
code flickers between 111..110 and 111..111. RANGE e o - = 6:550 =
0 to +2.5V 2.5V 25K 6250 | 2.5K o
CALIBRATION RESISTOR VALUES 0 to +5.0V 2.5V 25K 6250 | 25K i 1.25K 1.25K
R. adjusts the offset for bipolar operations; in unipolar +2.5V 25V 25K 6250 | 25K 1.25K | 1.25K o
operations Ry is replaced with a zero adjustment 0to +10V 2.5V 25K 6250 2.5K el 2.5K 8350
circuit shown in applications. in either mode R; adjusts +5V 2.5V 2.5K 625() 2.5K 1.25K | 25K 2.5K
the gain. If the predicted values of these resistors do +10V 2.5V 2.5K 6250 | 25K | 1.25K 5K 1.67K

not supply the transition points expected, their values
should be recalculated. Each may be trimmed with a
100 ppm/°C trimming pot used in series with the
resistor. The trim pots should be constrained to
approximately 1% of the nominal value calculated.

The values of R, through Re are calculated from the

NOTES: 1. The nearest preferred value may be used for R,, R: and R..
2. For external reference set R; = Vi (Kohms)

following: UNIPOLAR ZERO
*Ri=R; *R,=the parallel combination of R4, Rs and Rs.
R} = VKI:!' R.‘ - _Vklnl-RS
1.0 mA Vinmin
Rs = FSR**
Imw(max)

*Re is chosen so that the parallel combination of Ry, Rs
and Rq is approximately 6252, this determines the

Vi
REFO SERO

D/A time constant and hence conversion time. 1 MEG. SERG ADJUST
*The nearest preferred value may be used for these ADJUST
resistors. 100K
**F.S.R. is Full Scale Range, the difference between
maximum input voltage and minimum input voltage.
INTERNAL REFERENCE - EXTERNAL REFERENCE

FOR UNIPOLAR OPERATION WHERE R4
APPROACHES o0 AND A ZERO ADJUSTMENT
IS REQUIRED, THIS CIRCUIT MAY BE USED
TO REPLACE Rq

Printed in U.S.A. Copyright © 1979 Datel-Intersil, Inc. All rights reserved

1 ” 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340

Santa Ana, (714)835-2751, (L.A.) (213)933-7256 ® Sunnyvale, CA (408)733-2424  Gaithersburg, MD (301)840-9490
b “ml\ m I]L  Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
o DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95 « DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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, _&EL - 12Bit,Low Power
> JINTERSIL A/D Converter
Model ADC-HC12B

FEATURES

e Single Supply Operation
o ‘Automatic Standby
Mode Control
e Low Power Consumption
e Six Input Ranges
o MIL Temp Range Available

GENERAL DESCRIPTION

The ADC-HC is a complete, 12 bit, low pcw-
er analog to digital converter utilizing CMOS
technology. This hybrid IC incorporates ac-
tive laser trimming of highly stable thin-film
resistors to provide module performance
(ADC-CM) with IC price, size and reliability.

The device is ideal for portable and remote
applications such as seismology, oceanog-

. N . DIGITAL
graphy, meteorology, pollution monitoring Voo COM Vss %JJN %Em

aqd b_attery operation_ gystem. Other key ap- @ @ @ @
[T T

WIPER TRIM

plications include military and aerospace,
requiring wide operating temperature range POWER (7> Supply Switen | 1O REF AMP

and high reliability. MODE NEGATIVE suppiy[ = TO CONTROL AMP
. GENERATOR
The ADC-HC converter has the capability of 12 81T DAC

operating from either a single +9V DC to orraer (2 A
+15V DC power source (interrupt power REF ou'r@a— LOW POWER SWITCHES
mode) or from a =9VDC to =15VDC power @ prrerwrn T Ee e g
source (continuous power mode) at a maxi- 'NPUT THIN FILM RESISTOR NETWORK

mum conversion rate of 3.3 kHz. ’ 10K

A key feature of this unit when operating in lov
the interrupt power mode is the extremely T T Tl ] I [ I l i l l [ I
low quiescent power consumption (less than 10K }——-—@ SERIAL OUT

10pA @ 12V, 25°C). sum SUCCESSIVE

m ) June. (B = APPROXIMATION '_’ E0.C

Upon receipt of a convert command, the ANALOG (> N REGISTER le—{27) sTarT
CcoM 6

analog circuitry of the converter is ener- CONVERT
7

gized and stabilizes in 50 pusec. A complete CLOCK

conversion is performed at which time the I TJ 1 [ [
6 8 X 9 X10)X11X12)13
5 6 7 8 9 10 11 12

EOC goes low, turning off the analog cir-
cuitry, and returns to its quiescent state. The b @ @ 5
(MSB) (MS8) BIT NO. (LSB)

digital data remains valid until it is updated GO Bmemiz 3 4

by the next conversion.

. . . PARALLEL DATA OUT
Power consumption is a function of conver-

sion rate. For 100, 1K and 2K conversions
per second, the average power drain is ap- MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
proximately 3.5, 26 and 50 milliwatts respec- INCHES (MM)

tively.

1.100

Six input voltage ranges are provided by @8 J
external pin connection:0to +5V,0to +10V, 0.160(4.1)
0 to +20V, £2.5V, £5V, and =10V. Nonlin- ¥ ) f
earity is specified at =) LSB max. with a moﬂfim . PIN | FUNCTION
gain tempco of =30 ppm/°C. Output coding 0.010x0.018KOVAR BIT 1 (MSB)

is straight binary, offset binary or 2's com- ® - 71] — 1600 BIT1(MSB) |
plement. Serial data is also brought out.

FUNCTION
POWER MOD
Voo

Vss
REF QUT
START CONVERT _|
DIGITAL COM.
ANALOG COM.
BIPOLAR OFFSET
S JUNC.

10V INPUT
|20V

| _GAIN Al

E
el

The converters are cased in 32 pin DIP pack-
ages. Models are available for three differ-
ent operating temperature ranges: 0 to +70,
—25to +85 and —55 to +125 degrees centi-
grade. High reliability versions of each tem-
perature range are also available under
Datel-Intersil’s “S” program and MIL-STD-
883 level B screening. DOTONTOP
REFERENCES —1

CAUTION: The ADC-HC Series are CMOS PIN1
devices and should be handled carefully to - o e
prevent static charge pickup which might | o ’ s
damage the devices. The devices should be NOTE: PINS HAVE 0.026 INCH STANDOFF FROM CASE
kept in the shipping containers until ready
for installation.

@

MNIN“ E
=(SIR[=Cl0|(~ |2

1
L}
1
1
L]
1
BOTTOM 1| 1sspaces
] Bl
VIEW y | o0100€A ("70201 BI
1
1
1]
L]
1]
1
1

Nlm
||

25 BT 10
1

BIT 12 (LSB) [ ZERO TRIM

4 SERIAL OUT ZERO ADJ (WIPER
CLOCK OUT 3 ZERO TRIM

€ E.OC. (STATUS) N.C.

n rslsr:

)|
|

1 32 ———0.100

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
10of4
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SPECIFICATIONS, ADC-HC12B

TECHNICAL NOTES

{Typical at 25°C, =12V, unless otherwise noted)

MAXIMUM RATINGS 1.-The ADC-HC contains CMOS components and must
Positive Supply (VOD). . . . ... .. +18V be properly handled to prevent damage from static
Negative Supply (ss)...... ... —-18V pick-up. Proper anti-static handling procedures should
Analog Inputs. ............... 25V be observed including storage in conductive foam or
Digital Inputs................. 0to Voo shorting all pins together with aluminum foil. Do not

INPUTS connect incircuit under “power on” conditions. Digital

Analog Input Ranges, unipolar
Analog Input Ranges, bipolar
Input impedance. . . ..........

Start Convert, Interrupt Mode

Start Convert,
Continuous Mode. ... ... . ...

0to +5V,0to +10V, 0 to +20V
*2 5V, x5V, =10V

5K (0 to +5V, £2.5V)

10K (0 to +10V, £5V)

20K (0 to +20V, £10V)
Positive Pulse with duration

of 50uS min.

Positive Pulse with duration of

signals should be applied after the converters power
has been turned on.

. It is recommended for single supply (+12V nominal)

or dual supply (=12V nominal) operation, the power
input pins should be bypassed to ground with a .1uF
ceramic capacitor. It is not critical that the supplies be
balanced.

. Analog and digital grounds should be kept separate

whenever possible to prevent digital signals from

min.
ViL(Logic“0™). ............... 8_“085 v[?g max. flowing in the analog ground circuit and inducing
ViH (Logic“1™)............... 0.95 VDD min. spurious analog signal noise. Analog Common (Pin
InputCurrent................. 30 pA 23) and Digital Ground (Pin 22) are not connected in-
Input Capacitance. . .. ..... ... 15 pF ternally and must be tied together externally.

OUTPUTS
Parallel Output Data. . . . ... ...

VoL (Logic“0™). ... ..........
VoH (Logic™1”). . ............
All DigitalQutputs . . . ....... ..
Coding,unipolar. . .. .........
Coding, bipolar. .. .. .........
SerialOutput. . . .............

Clock Output. . . . .. R

E.O.C.(Status) .............

12 parallel lines of data, held
until next conversion command
0V,—2.0mA

VDD, +4.0mA

CMOS Compatible

Straight Binary

Offset Binary, 2's Complement
NRZ successive decision
pulses out MSB first, Straight
Binary or Offset Binary

Train of positive going (VDD)

25 uS pulses, 40 kHz
Conversion Status Signal, Logic
“1" during reset and conversion,
Logic "0 when conversion
complete (data valid)

. The ADC-HC can operate from either a single or dual

supply. When using dual supplies, tie POWER MODE
(Pin 17) to Voo (Pin 18). In this continuous power
mode, an A/D conversion will take place when a
Susec. or greater positive going pulse is applied to
START CONVERT (Pin 21). For single supply opera-
tion (interrupt power mode), tie Power Mode (Pin 17)
to E.O.C. (Pin 16). When EOC goes low the converter
is switched to standby mode (power is disconnected
to analog circuitry) and digital output data becomes
valid and remains valid until next start pulse is applied.
Upon receipt of a 50 usec. min., 500 usec. max. pulse
on START CONVERT (Pin 21), the converter will
stabilize, make a complete conversion and return to
standby mode.

. Digital output codes are listed in coding tables. Paral-

lel data is valid when EOC is in low state. Thisdata can

PERFORMANCE be transferred into latches during logic “1” to logic
Resolution . . . .o\ 12 Bits “0" transition of EOC line. Serial data out (Pin 14) isin
Nonlinearity . . ............... +1 LSB max. NRZ (non-return to zero) format. This data is guaran-
Ditferential Nonlinearity . . . . . .. +% LSB max. teed valid in a 50 nsec. to 300 nsec. time frame after
GainError................... Adjust to zero positive edge of clock. All digital inputs and outputs

Oftsetor ZeroError...........
GainTempco. ...............
OffsetTempco. ..............
ZeroTempco. ...............
Diff. Nonlinearity Tempco ......

No MissingCodes . . .......... .

ConversionTime . . ...........
Throughput Time . .......... ..

Power Supply Rejection. . ... ..

Adjust to zero

+30 ppm/°C max.

+20 ppm/°C of FSR max.
*+10 ppm/°C of FSR

+2 ppm/°C of FSR
Guaranteed over operating
temperature range

300 uS max.

305 uS max. continuous power
mode

350 uS max. interrupt power
mode

.003%/% Supply

POWER REQUIREMENT

Continuous Power Mode VbD. .

+9.0V to +15.0V

are CMOS compatible. See application notes for
CMOS-TTL interface.

. REF OUT (Pin 20) is a 6.3V =5% internal reference

pin connection.

. For zero or offset and gain adjustment refer to con-

nections and calibration notes. The trim pots shouid
be located as close as possible to the converter to
avoid noise pickup. Zero point is always adjusted first
followed by gain the adjustment with analog input at
the most positive end of analog range. The range of
the OFFSET (ZERO)ADJ. is £15 mV. The range of
GAIN ADJ. is .1% of full scale range can also be in-
creased by decreasing the value of the series resistor
(3.9 MQ nominal). Potentiometer values are 10K and
should be 100 ppm/°C ceramic type (such as Datel

Vss.. —90Vto —15.0V .
Interrupt Power Mode VoD . . .. +9V to +15.0V TP series).
Power Consumption,
Continuous Mode . . .. .. .... 112 mW

QuiescentMode. . ... .. ..

120uW max., 12uW typ.

ORDERING INFORMATION

: MODEL TEMP.RANGE  SEAL
PHYSICAL-ENVIRONMENTAL ADC-HC12BMC 0to +70°C  Hermetic
Operating Temperature Range . . 0°C to +70°C (BGC, BMC) ADC-HC12BMR  —25°C to +85°C  Hermetic
—250C to +85°C (BMR) ADC-HC12BMM —55°C to +125°C Hermetic

Storage Temperature Range. .. .

—55°C to +125°C (BMM)
—65°C to +150°C

Trimming Potentiometers:
For high reliability versions of the ADC-HC series, including units

TPK 10K (10K ohms) ~

PackageType................ Ceramic :
PINS. ..ol 0.010x 0.018 inch Kovar screened to MIL-STD-883 Level B, contact factory.
Weight..................... 0.50z. (14 g) THE CONVERTERS ARE COVERED BY GSA CONTRACT
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CONNECTIONS AND CALIBRATION

ADC-HC TIMING DIAGRAM

Voo
— |<— 50uS MIN FOR INTERRUPT MODE
START
— |«— 5uS MIN FOR CONTINUOUS MODE CONVERT
0 - -
0S| '
'sz\'x*”' ..l«z..s .“«2,.3 +| l'zs.‘s 1
: ]
Voo |
CLOCK OUT
0
’ |
i i
—{[=—0.15S MAX ;
) : Voo~ R S T O St i S S R S B E
1 BIT! BIT | BIT! BIT ! BIT { BIT | BIT ! BIT | BIT { BIT | BIT | BIT SERIAL DATA
! | | ! i (CLOCKED ON POSITIVE
! ['i233'4 BB 718911001 12 TE GCK TRANSITIONS)
0 - L RESET A L i N S I B _.l__.:...---..- T

: '
!
[+ ossm : | 5333,5,5”31)(

E.O.C.

CONNECTIONS DIAGRAM

INTERRUPT MODE CONNECTION

E.O.C. 16 1 E.0.C, w——{ 16 17 CONTINUOUS MODE CONNECTION
CLOCK OUT =—— 15 B CLOCK OUT ~—] 15 8
SERIAL OUT =] 14 19 |NC l* SERIALOUT <——— 14 e 1- 1 ‘—I'++QVTOHSV
58 «—f :Z 2 [~ REF OUT =014 == +9YTO + 16V 58 ~—— {13 2 PREFOUTL | £ gy o1 5\,"2',;7['_ SUPPLY
-] f+——START —ed 12 21 t«—START | uF l’+ SUPPLY
- 11 2 -— 1t N 2
10 ‘ 23 -------- | UNIPOLAR CONNECTION, 23 to 24 10 23 "™~ ~77"7) UNIPOLAR CONNECTION, 23 to 24
- M ADC -HC - 2 YBIPOLAR CONNECTION, 24 to 25 ~—° ADC -HC 24 |—————1 550 AR CONNECTION, 24 to 25
+— 8 2% —TE_—L -—1g 25 ——
PRl T I — 2 |10ViNPLT - $3.9M0 oamae—  e——7 26 [10ViNPUT_ S 1.0M0
DU ') 27 j20v P2 T A apy. e b 2|2V PR T canans,
5 28 f— 5 28
— 4 29 ] a 29
- 3 30 ——’%10!( ZERO ADJ. -3 30 ~——>% 10K ZERO ADJ.
MSB «——i{ 2 31 MSB <y 2 31
| MSB «— 1 32 | NC | S8 1 32 {NC
MODE - SINGLE SUPPLY OPERATION MODE - DUAL SUPPLY OPERATION
OUTPUT CODING ,
INPUT VOLTAGE RANGE CODING CALIBRATION PROCEDURE
UNIPOLAR STRAIGHT BINARY
T ffgg;:‘:" f;%;;gv 04‘3922\/ ';':Sﬁ T 1L1Sﬁ 1. Connect converter as shown in the Connection Dia-
- X 3 +4. . .
+%FS +10.0000 | +50000 |+25000 | 1000 0000 0000 gram. Use the Input Pin Connections table for the
+118B + 00049 | +00024 |+00012 | 0000 0000 0001 desired input voltage range. Apply start conversion
ZERO 0.0000 0.0000 00000 | 0000 0000 '0000 ‘pulses to start pin.
BIPOLAR . | OFFSET BINARY* :
10V *5V +25V | MsB LsB 2. Zero and Offset Adjustment.
+FS-1LSB + 9.9951 + 4.9976 + 2.4988 1111 1111 1111 App|y a preCiSiOn Voltage reference source between
+%FS + 50000 | +25000 |+ 12500 | 1100 0000 0000 . -
+1LsB + 00049 | +00024 | +00012 | 1000 0000 0001 the selected analog input range and ground. Adjust
ZERO 0.0000 0.0000 0.0000 | 1000 0000 0000 the output of the reference source to + /% LSB. Adjust
~FS-1LSB | ~ 99951 | -4.9976 -2.4988 | 0000 0000 0001 o :
_Fs —100000 | -50000 | -25000 | 0000 0000 ©0OO zero trimming potentiometer so that the output code
*For 25 COMPLEMENT, MSE fs Inverted, uso M85 (pin 1) flickers equally between 0000 0000 0000 and 0000
ores ' nveried, use B fpin 1 0000 0001 for unipolar and 1000 0000 0000 and 1000
INPUT PIN CONNECTIONS 0000 0001 for bipolar mode.
CONNECT THESE .
INPUT VOLTAGE RANGE | INPUTPIN | PINS TOGETHER 3. Full Scale Adjustment o
0to +5V 26 23 to 24, 25 to 27 ‘Change the output of the precision reference source
0to +10V 26 231024 for +FS-1% LSB. Adjust the gain trimming potentio-
0to +20V 27 231024 meter so that the output code flickers equally between
*2.5V 26 . 24102525027 1111 1111 1110 and 1111 1111 1111,
+5V 26 241025
*10V 27 24t025
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APPLICATIONS

ADC-HC INTERRUPT POWER MODE ADC-HC CONTINUOUS POWER MODE

7

AVERAGE POWER

DISSIPATION (mW) TYPICAL

TYPICAL @ 26°C . SUPPLY CURRENT
mA @25°C

1000 mW/ 6
/o,

/vs— 415V /
100 mW 5

PV, -+ 12V 7

Vg = +9V

10mwW

[ . - ] QUIESCENTDISSIPATION
T @ 12V, 25°C 120 uW MAX. 2 m

1 10 100 1000 2000 Vv 2v 1%V
CONVERSIONS/SEC SUPPLY VOLTAGE

TTL-CMOS INTERFACE

+5V Voo +5V
l Rx l
Vec  GND 23K Vee  Vss
START )
MsB —
— EDS CONVERT - —
LOGIC LOGIC
HIGH
VOLTAGE ADC-HC CD4050
TTL

CMOS and TTL logic are not compatible due to different
threshold levels. They can, however, be interfaced by
simple techniques.

The START CONVERT (Pin 21) can be driven directly CMOS to TTL interface requires sufficient sink current

from an open collector, high voltage TTL gate. Resistor in the low state. The CD4049 (inverting) and CD4050
Rx is used to source current and bring the TTL output up (noninverting) buffers, powered from +5V logic supply
to the CMOS threshold level. Typical values of Rx are can accept input voltage swings of +5 to +15V from the
3.3K to 10K ohms. CMOS system. Each buffer gate candrive at leastone in-

put from any TTL family.

LOW POWER MICRO-PROCESSOR INTERFACE

ANALOG
N
SYSTEM 1/0
MEMORY 4 PORT DIaTAL AD
MEMORY READ OUTPUT
IMEMORY WRITE INTERRUPT
READY EO.C.
DATA
SYSTEMS COMPONENTS MANUFACTURE MODEL BITS  TYPE
DATABUS LOW POWER MICROPROCESSOR RCA CDP1802 8 cmos
INTERSIL IM6100 12 cmos
A/D CONVERTER DATEL SYSTEMS ADC-HC 12 CMOS

Printed in U.S.A. Copyright © 1979 Datel-intersil, Inc. All rights reserved
‘ | I 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340

Santa Ana, (714)835-2751, (L.A.) (213)933-7256 ¢ Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490
b "ﬂ";. e Houston, (713)781-8886 « Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
o DATEL SYSTEMS SARL 602-57-11 e DATELEK SYSTEMS GmbH (089)77-60-95 » DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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b

C/ATEL

INTEIRS L

12 Bit Microelectronic

[

- A/D Converter
With Sample-Hold
Model ADC-HS12B

FEATURES

12 Bit Resolution

Internal Sample Hold
6usec. Acquisition Time
9usec. Conversion Time
Programmable Input Ranges
Parallel & Serial Outputs

GENERAL DESCRIPTION

The ADC-HS12B is a high performance
12 bit hybrid A/D converter with a self-
contained sample-hold. It is specifically
designed for systems applications
where the sample-hold is an integral
part of the conversion process. The in-
ternal sample-hold has a 6usec. acqui-
sition time for a full 10V input change;
the A/D converter has a fast 9usec.
conversion time. Five input voltage
ranges are programmable by external
pin connection: 0 to +5V, 0 to +10V,
*2.5V, =5V, and *=10V. Input impe-
dance to the sample-hold is 100 meg-
ohms. Output coding is complementary
binary for unipolar operation and com-
plementary. offset binary for bipolar
operation, with both parallel and serial
outputs brought out.

This converter incorporates proven thin
film hybrid technology used in high vol-
ume production. Quad current switches
are combined with a nichrome thin film
resistor network to implement the in-
ternal 12 bit DAC. To achieve 9usec.
conversion time, the thin film resis-
tors are fabricated on glass, giving
lower stray capacitance. Other internal
circuits include a precision zener refer-
ence, fast comparator, successive ap-
proximation register, clock, and sample
hold. The thin film resistor network is
functionally laser trimmed for optimum
converter linearity.

Other features include a gain tempco
of 20ppm/°C maximum and differential
nonlinearity tempco of =*=2ppm/°C;
there are no missing codes over the
operating temperature range. The
package is a miniature 32 pin triple

® & o & o o

spaced DIP and different models are .

offered for each of the operating tem-
perature ranges: 0 to 70C, —25 to +85C,
and —55 to +100C. Power supply re-
quirement is *15VDC and +5VDC.
High reliability versions are also avail-
able under Datel-Intersil’s “S"” program
and MIL-STD-883 level B screening.

SAMPLE  BIPOLAR REF
Ch  CONTROL OFFSET OUT

+15VDC =15VDC $5VDC

O ® @6 @
! T 63K
PRECISION
ANALOG SAMPLE
0 REFERENCE
N HOLD A] CIRCUIT
SH
out (& ) GAIN
o cBiharen
/.
DIGITAL
[ @ com
N COMPARATOR -
compan (53 HEEEEEEREER
" s« ® e
10V APPROKMATION ) E0.C
RANGE (24 REGISTER (STATUS)
5K
20v cLock
ANALOG
com. B, .
@ @ DO@OEEOE(©0112) (3)
Yo EE 1211 10 9 8 7 6 5 4 3 2 1 ZZ5
g3zt §3°
3 mé‘LSB BITNO. mss &
PARALLEL DATA OUT
MECHANICAL DIMENSIONS INPUT/OUTPUT
INCHES (MM) CONNECTIONS
1.100
}""—‘ (27,8 ~ |
| 0.160(4,1 PIN_| FUNCTION PIN | FUNCTION
0.150 ‘”’ ’ 1 BIT 12 OUT (LSB) 17 CH
150 MIN(3,8)
i . 2 BIT 11 0UT 18 REF. OUT
0.010x0.018 KOVAR 3 BIT 10 OUT 19 CLOCK QUT
' 16 . 1600 4 8179 OUT 20 E.0.C.(STATUS)
. ¥ ’ 5 BIT 8 OUT 21 START CONVERT
: : 6 BIT 7 OUT 22 COMPAR. INPUT
f ' 7 BIT 6 OUT 23 BIPOLAR OFFSET
' t 8 BIT 5 OUT 24 10V RANGE
: BOTTOM : 18SPACES | o 9 BIT 4 OUT 25 20V RANGE
' ViEw 1| FOINEA @2 10| BIT3OUT 26| ANALOG COM
' ' 11 BIT 2 OUT 27 GAIN ADJ.
L] ] 12 BIT 1 QUT (MSB) 28 +15V POWER
: : 13 SERIAL DATA OUT| 29 S/H OUTPUT
ootonTor | ¥ ' 14| SHORT CYCLE 30 | ANALOGIN
REFERENCES—=1 8 1 21| ——"0.100 15 DIGITAL COM. 31 - 15V POWER
16 +5V POWER 32 SAMPLE CONTROL

4,900 0.100
(22,9) 2,5

NOTE: PINS HAVE 0.025 INCH STANDOFF FROM CASE.

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, ADC-HS12B TECHNICAL NOTES

(Typical at 25°C. 15V and +5V supplies unless otherwise noted)

1. It is recommended that the —15V power input pins

MAXIMUM RATINGS both be bypassed to ground with a .01uF ceramic ca-

Positive Supply,pin28............. +18v pacitor in parallel with a 1uF electrolytic capacitor and

Negative Supply,pin31............ -18vV the +5V power input pin be bypassed to ground with

Logic Supply Voitage, pin 16........ +5 .5V g 1uF' electrplync cap‘acnor‘ as shown in the connec-

Digital Input Voltage, pins 14, 21, 32. .+5.5V tion dlagrams. In addition, pin ?7 shou!d be bypassed

" ’ - to ground with a 0.01uF ceramic capacitor. These pre-

Analog Input Voltage, pin 30. . ... ... *18v cautions will assure noise free operation of the con-
verter.

INPUTS 2. Digital n (pi I i
Analog Input Ranges, unipolar. . .. . .. Oto +5V, 0 to +10V arg fotcgé?m::ctéz";;gsgtige Q?Zr?.“;.ﬁ‘,’?.???hfﬁgfﬁfé
Analog input Ranges, bipolar. . . .. ... +25V, =5V, =10V must be connected as directly as possible externally.
Input Impedance'.................. 100 megohms It is recommended that a ground plane be run under-
InputBiasCurrent'. . . ............. 50nA typ., 200nA max. neath the case between the two commons. Analog
Start Conversion. . . ............... 2V min. to +5.5V max. positive pulse with 100 ground and =15V power ground should be run to pin

nsec. duration min. Rise and fall times <30 26 whereas digital ground and +5V ground should be
nsec. Logic HI to LO transition resets con- runtopin 15. _
verter and initiates next conversion. 3. External ad;ustr_nent_ of zero oerffset and gain are pro-
Loading: 1 TTL load vided fpr by tnmmlng po?entuometers connegted as
N _ shown in the connection diagrams. The potentiometer
Sample Control Input. ... .......... Logic HI = hold values can be between 10K and 100K ohms and should
togg? LO 1:TSTaL"I‘DIed be 100ppm/°C cermet types (such as Datel Systems
oading: oa TP series). The adjustment range is £0.5% of FSR for

OUTPUTS? zero or offset and =0.3% for gain. The trimming pots

. . should be located as close as possible to the converter
Parallel QutputData. . . . . ...... .. .. 12 parallel lines gf data held until next con- to avoid noise pickup. Calibration of the ADC-HS12B
version commana. is performed with the sample-hold connected and oper-
Vout ("0") < +0.4V ating dynamically. This results in adjusting out the
Vout ("17) > +2.4V sample-hold errors along with the A/D converter. For
Coding, unipolar................... Complementary Binary slow throughput appﬁcations it is recommended that
Coding, bipolar.................... Complementary Offset Binary a ‘?ISO:hHF *;?'de f:ga:é;‘:‘(s‘;?o:i?r: ";’ebes‘ aoouracy.
. . . (] IS vatu sit ime comes Hsec.
Serial QutputData. ... ............. f\SAUSCé:efiSrSSItve decision pulses out, NRZ format, and the external timing must be adjusted accordingly.
End of Conversion (status). . .. ...... Conversion status signal. Output is logic HI 4' :,?;J:%ﬁ?;::;‘;ﬁg;g'?35:?;2:::_:;?;2%3&?3;%:
during reset and conversion and LO when and then 1 microsecond after the sample-hold goes
conversion is complete. into the hold mode to allow for output settling before

ClockOutput. .. .................. Train of positive going +5V, 100 nsec. pulses the A/D begins its conversion cycle.
at 1.5 MHz rate. 5. Short cycled operation resuits in shorter conversion
times where the conversion can be truncated to less

SA|MP&56:O|;%?§RFORMANCE° 2500 than 12 bits. This is done by connecting pin 14 to the
npu setDntt. . ................ H output bit following the last bit desired. For example
Acquisition Time, 10Vt00.01%... ... 6usec. for an 8 bit conversion, pin 14 is connected to bit 9
Bandwidth........................ 1 MHz . output. Maximum conversion times are given for short-
Aperture Delay Time............... 100 nsec. cycled conversions in the Table.

Aperture Uncertainty Time... ... .. ..10 nsec. 6. Note that output coding is complementary coding. For
Sample toHold Error. . .. .......... 25mV max. v;plp:)lar oper:itnoqt IF is comlpleme:wtary fi.:un::rz. and f?r
ipolar operation it is compliementary offsel inary. in

Hold Mode Droop. . ............... 200'1\//“590 max. cases where bipolar coding of offset binary is required,
Hold Mode Feedthrough. . .. .......0.01% max. this can be achieved by inverting the analog input to
the converter (using an op amp connected for gain of

—1.0000). The converter is then calibrated so that —FS

CONVEHT,EH PERFORMANCE . . analog input gives an output code of 0000 0000 0000,
Hesqlutloq ........................ 12’ bits (1 part in 4096) and +FS—1LSB gives 1111 1111 1111.
Nonlinearity . . .................... *7 LSB max. 7. These converters dissipate approximately 2 watts of
Differential Nonlinearity. . ... ... .... +7% LSB max. power. The case to ambient thermal resistance is ap-
Temp. Coefficientof Gain........... +20ppm/°C max. proximately 25°C per watt. For ambient temperatures
Temp. Coefticient of Zero, unipolar. . . £5ppm/°C of FSR max. above 50°C, care shouid be taken not to restrict air
Temp. Coefficient of Offset, bipolar . . =10ppm/°C of FSR max. circulation in the vicinity of the converter.
Differential Nonlinearity Tempco. . . . . *+2ppm/°C of FSR 8. T!heie 1(_:onveners can be operated with an external

issingaCodes. . .................. . ) clock. To accomplish this, a negative pulse train is ap-
g;i;:?sg?\dﬁ;e ............... gﬁ;i'or\éi;o’aer temp. range plied to START CONVERT (Pin 21). The rate of the ex-

o /0 ternal clock must be lower than the rate of the internal
0.002%/% max. clock. The pulse width of the external ctock should be
between 100 nsec. and 300 nsec. Each N bit converison
POWER REQUIREMENT. . ... ......... +15VDC 0.5V @ 60mA cycle requires a pulse train of N + 1 clock pulses for

—15VDC =05V @ 50mA completion, e.g., an 8 bit conversion requires 9 clock

+5VDC %0 éSV @ 100mA pulses for completion. A continuous pulse train may be

—\. used for consecutive conversions, resulting in an N

PHYSICAL-ENVIRONMENTAL bit conversion every N + 1 pulsgs, or the E.O,C‘. out-

Operating Temperature Range. . . . . . 0°C to 70°C (BMC) ;%tgg?ogse(::ﬁiéo gate a continuous pulse train for
—25°C to +85°C (BMR)

—55°C to +100°C (BMM)

Power Supply Rejection............

Storage Temperature Range.. . . .. ... —65°C to +150°C ORDERING INFORMATION
Package Type..................... 32 pin ceramic

Pins. ... 0.010 x 0.018 inch Kovar MODEL TEMP.RANGE SEAL
Wecghl ........................... 050z. (14 g) ADC-HS12BMC 0to 70C Hermetic

ADC-HS12BMR  —25to +85C Hermetic
ADC-HS12BMM —-55t0 +100 C Hermetic

NOTES: 1. For Samp‘e-hOId input Mating Socket: DILS-2 (2 required per converter)

2. All digital outputs can drive 2 TTL loads Trimming Potentiometers: TPSOK o
For high reliability versions of the ADC-HS12B including
3. For 1000pF external hold capacitor units screened to MIL-STD-883 level B, contact factory.

THESE CONVERTERS ARE COVERED BY GSA CONTRACT
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TIMING, CONNECTIONS, AND CODING

TIMING DIAGRAM FOR ADC-HS12B
TRIGGER ﬂ:— 100 nsec min. .
{
e, : . |
SONVERT —{——|_ 1usec.
._LE }— 60 nsec. .
[N ———————
(Eé%ffusv : i = Susec. max. Z’S‘\)’,‘L&Etlg‘”"
T
CLOCK
ouT
i i | i i | j i e
. N i ih e
SATABUT \ : ! : ?n'/lTsLoE BIT2 :I ana:Lsm Ij BITS :[ BIT6 H amﬂ BITS ” BITO :I BIT w:! BIT!1:| :ﬁ_‘ga‘f
O I O O
- "fec' | | i I | I | i | ] : o
e i If ! ' ! i ! ! : i | ! i
OUT (MSB) I 1 | 1 i | | I i | ' 1 !
! e e D e e e A e !
| R O SR SO U SOUPNS S S AN PR °
1 ] ] 1 1 I i | ] ] ] ]
a2 , 0o ‘
| ! ! 1 v [ 1 [ I 1 | [ !
| I 1 I | | 1 1 | 1 | | ]
7 — ] i —— 0
| I
ap IR S TN T T O T MO
: | : | 1 | : I ! [ | 0
. | 1 [} | ] ] T T T I
Btso Jo R
NOTE: TRIGGER, SAMPLE CONTROL, AND START CONVERT
PULSES MUST BE EXTERNALLY GENERATED
UNIPOLAR OPERATION, 0 TO +10V BIPOLAR OPERATION, =5V
-15V + 15V +5V : 18V + 15V +5V
WuF uF 1uF uF
+ + +
+15V +15V
0.01uF 0.01uF 0.014F 0.014F
31 28 1 31 28 P
70w o— 20 s N 50 o—] a0
ANALOG |26 2 = RN 50K ANALOG GND. 0—— 26 POV SOK
o 29 ) ADC-HS12B OFZSDEJT ' 29 ADC-HS12B OF';SIJST
y i ! o
" » 18 MEG gsok " - 18 MEG 50K
» L oo s . gam.
o T I T
17 32 2i 17 32 21
o | | - o | . A
hor SRS S TERGTRRECT or TS S TRSIRRE
~ CODING TABLES
UNIPOLAR OPERATION BIPOLAR OPERATION
: COMP. COMP.
INPUT RANGE BINARY CODING INPUT VOLTAGE RANGE OFFSET BINARY
0TO+10V [ 0 TO +5v [ MsB LSB +10V +5V +2.5V MSB LSB
+9.9976V | +4.9988V | 0000 0000 0000 +9.9951V | +4.9976V | +2.4988V | 0000 0000 0000
+8.7500 +4.3750 0001 1111 111 +7.5000 +3.7500 +1.8750 0001 1111 1111
+7.6000 | +3.7500 | 0011 1111 1111 +5.0000 | +2.5000 +1.2500 | 0011 1111 1111
+6.0000 | +2,5000 | 0111 1111 1111 | 0.0000 0.0000 0.0000 | 0111 1111 1111
+2.5000 +1.2500 1011 1111 1111 -5.0000 | —2.5000 -1.2500 1011 1111 1111
+1.2500 | +0.6250 1101 1111 1N —-7.5000 | -3.7500 | -1.8750 1101 1111 111
+0.0024 - | +0.0012 1111 1111 1110 -9.9951 -49976 | -2.4988 1111 1111 1110
0.0000 0.0000 Mo 1N —10.0000 —5.0000 —2.5000 1111 1111 111
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CONNECTIONS AND:CALIBRATION

SHORT CYCLE OPERATION
PIN 14 CONNECTION
RES. (BITS) | PIN 14TO | CONV. TIME
1 PIN 11 0.7 usec.
2 PIN 10 1.3
3 PIN 9 2.0
4 PIN 8 2.6
5 PIN 7 3.3
6 PIN 6 4.0
4)(5)(6)(7)(8)(9)(10)(11)(12 7 PIN 5 4.6
9 8 7 6 5 4 3 2 1 BT 8 PIN 4 53
FOR CONVERSION TO N BITS [ ° PIN'3 6.0
CONNECT THE N + 1 BIT OUTPUT 10 PIN 2 6.6
TO THE SHORT CYCLING 11 PIN 1 7.3
TERMINAL, PIN 14 12 PIN 16 9.0
RECOMMENDED CIRCUIT FOR GENERATING
SAMPLE CONTROL AND START CONVERT PULSES
+5V
R
20 INPUT CONNECTIONS
1000 pF
Cy = INPUT
?‘1 [6 [ [ [io] [o VOLTAGE CONNECT THESE PINS
Vee RiCi G 1 3 CLR2 B2 A RANGE TOGETHER
74123 Oto +5V 29 & 24 22 & 25 23 & 26
DUAL RETRIG. MONOSTABLE Oto T 10V 503 24 — 538 26
A1 By CLRT Qi Q C R2c2 GND *+2.5V 29 & 24 228&25 23 & 22
O T2 Te] T4 lf +5v 29 & 24 — 23 & 22
NEG. +5V +10V 29825 — 23822
eer, Jeoce TL i
(100 nsec. min.) ES(SSE GND U
1 usec.
6 usec.
SAMPLE START +5V
CONTROL CONVERT
PIN 32 PIN 21
CALIBRATION PROCEDURE CALIBRATION TABLE
1. Connect the ADC-HS12B as shown in one of the connection diagrams.
The sample-hold and A/D converter should be timed as shown in the UNIPOLAR RANGE | ADJUST. INPUT VOLTAGE
timing diagram. The trigger pulse should be applied at a rate of 70 kHz 0TO +5V ZERO +0.6 mV
or less and should be 100 nsec. minimum width. GAIN +4.9982V
. Zero and Offset Adjustments 0TO +10V ZERO +1.2mV
Apply a precision voltage reference source between the selected analog GAIN +9.9963V
input and ground. Adjust the output of the reference source to the value
shown in the Calibration Table for the unipolar zero adjustment (zero +% BIPOLAR RANGE
LSB) or the bipolar offset adjustment (—FS+% LSB). Adjust the trimming *25V OFFSET —2.4994V
potentiometer so that the output code flickers equally betwen 1111 1111 GAIN +2.4982V
1111 and 1111 1111 1110 5y OFFSET 49988V
. Full Scale Adjustment GAIN +4.9963V
Change the output of the precision voltage reference source to the value +10V OFFSET —9.9976V
shown in the Calibration Table for the unipolar or bipolar gain adjustment GAIN +9.9927V
(+FS—1)% LSB). Adjust the gain trimming potentiometer so that the out- -
put code flickers equally between 0000 0000 0001 and 0000 0000 0000.

~ | 2AN=EL
D INTEERSIL
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== ~ 12-Bit Microelectronic
> /INTERSIL Analog-to-Digital Converters
ADC-HX, ADC-HZ Series

FEATURES

o 12 Bits Resolution

® 8 or 20 uSec. Conversions

e 5 Input Ranges »
® [nternal Hi Z Buffer

e Short Cycle Operation

GENERAL DESCRIPTION

The ADC-HX12B and ADC-HZ12B are self-
contained, high performance, 12 bit A/D
converters manufactured with thin-film hy-
brid technology. They use the successive ap-
proximation conversion technique to
achieve a 12 bit conversion in 20 and 8
microseconds respectively. Five input volt-
age ranges are programmable by external
pin connection: 0 to +5V, 0 to +10V,
+2.5V, ¥5V, and +10V. An internal buffer

amplifier is also provided for applications cower  * poweR oot pomeR
where 100 megohm input impedance is re- @ O ®
quired. sureen o ~_AMLER
These converters utilize a fast 12 bit DAC 83K PRECISION ) A
consisting of tightly matched monolithic g o e o
quad current switches, a stable nichrome ourer @) |
thin-film resistor network, and a precision orreer @& = 016,
zener reference source. The circuit also con- COMPAR. (22 remene _J: -
tains a fast monolithic comparator, a mono- sk sowsmaton FEFFFFFFT P T ] -
.lithic 12 bit successive approximation regis- e o) SnoaT
ter, a clock, and a monolithic buffer amplifi- S “arPROXMATION |L_Jmyeoc
er. The thin-film resistor network is func- @ FeasTen e
tionally trimmed by a laser to precisely set ;;;3}06_?7 crock r I l I l I I l I l i | | ] —1
the 8-4-2-1 current weighting in the quad
current switches. The close tracking of the ‘ CS-R Mgs@" mm
thin-film resistor and quad current switches RATE OUT CONV. 158 8T no. vsa WEB, OATA
result in a differential nonlinearity tempco ‘ PARALLEL DATA OUT
of only *2ppm/°C. Gain tempco is
+20ppm/°C maximum.
Both models have identical operation except MECHANICAL DIMENSIONS- INPUT/OUTPUT
for conversion speed. They can be short- ]——- B ! CONNECTIONS
cycled to give faster conversion in lower e PIN FUNCTION _ |PIN] _ FUNCTION
resolution applications. Use of the. internal —— f 1 | BIT120UT (LSB)| 17 |CLOCK RATE
buffer amplifier increases conversion time oromyel . ' 7 | eimiiouT 18 [REF. OUT
by 3usec., the settling time of the amplifier. 0.010x0.018KOVAR 3 | eimioouT 19 |cLock ouT
Output coding is complementary binary, 1ie A B ; z:::gz: ;‘: :&gr‘;::,u:;
complementary offset binary, or comple- ' ' s T o7 00T 25 [COMPAR INPUT
- mentary 2's complement. Serial data is also : : 7 BIT 6 OUT 23 |BIPOLAR OFFSET
brought out. The package is a 32 pin ce- ' : 8 | BITs50UT 24 [10V INPUT
ramic case. Eight different models are offered ' B oM ' S vea 1700 9 | BIT40UT 25 |20V INPUT
covering the operating temperature ranges ' ' 28 ’ :‘: ::::g‘;: :‘75 2':::223;:
3_‘;0%%0 70C, -25 to +85C, and —55 to , : 12 | BIT 10UT (MSB) | 28 |+15V POWER
: soronror |4 ! 13 | BIT 10UT (MSB) | 29 |BUFFER OUTPUT
AR NS I 21| — Y 0100 14 | SHORT CYCLE |30 [BUFFER INPUT
PINY 15 | DIGITAL COM. |31 [-15V POWER
|.—m ® _.l |._—?2’§'° 16 | +5V POWER 32 [SERIAL OUTPUT

NOTE: PINS HAVE 0.025 INCH STANDOFF FROM CASE

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/ TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, ADC-HX12B, ADC-HZ12B

(Typical at 25°C, +15V and +5V supplies unless otherwise noted)

TECHNICAL NOTES

INPUTS ADC-HX12B ADC-HZ12B
Analog Input Ranges, unipolar . ....... 0 to +bV, 0 to +10V FS
Analog Input Ranges, bipolar ........ +2.5V, +5V, +10V FS
Input Impedance .. ............... 2.5K (0 to +5V, +2.5V)
5K (0 to +10V, *5V)
10K (x10V)
Input Impedance with Buffer . ........ 100 Megohms
Input Bias Currentof Buffer .......... 125nA typ., 250nA max.
Input Overvoltage . ................ +15V
Start Conversion . .. .............. 2V min. to 5.5V max. positive pulse with

duration of 100nsec. min. Rise and fat|
times <30nsec.

Logic "1 to "'0" transition resets
converter and initiates next conversion.
Loading: 1 TTL load

OUTPUTS'

ParallelQutputData . . .............. 12 parallel lines of data held until next
conversion command.
VouT ("0”) < +0.4v
VouT (1) = +2.4v

Coding, unipolar . ................. Complementary Binary

Coding, bipolar . .. ............... Complementary Offset Binary
Complementary Two's Complement

SerialQutputData . .. .............. NRZ successive decision pulses out, MSB
first. Compl. Binary or Compl. Offset
Binary Coding

End of Conversion (Status) .. ......... Conversion status signal. Output is logic

*1" during reset and conversion and

logic “’0”" when conversion complete.
ClockQutput .. ... .............. Train of positive going +5V 100nsec.
pulses. 600 kHz for ADC-HX12B and
1.5MHz for ADC-HZ12B (pin 17

grounded).
PERFORMANCE
Resolution . ..................... 12 bits (1 part in 4096)
Nonlinearity . . . . ... ... ......... +1/2 LSB max.
Differential Nonlinearity .. ... ...... +1/2 LSB max.
Gain Error, before adjustment . . . .. ... +0.1%
Zero Error, unipolar, beforeadj. . ...... +.05% of FSR?
Offset Error, bipolar, before adj. . .. . ... +0.1% of FSR?
Temp. Coeff.of Gain . . ........... +20ppm/°C max.
Temp. Coeff. of Zero, unipolar .. ... .. +5ppm/°C of FSR max.?
Temp. Coeff. of Offset, bipolar .. .. ... +10ppm/° C of FSR max.?
Diff. Nonlinearity Tempco. . . . . ... ... +2ppm/°C of FSR?
No MissingCodes . . . . ... ..... e Over oper. temp. range
Conversion Time?, 12 bits . . . .. ... ... 20 usec. max. 8.0 usec. max.
10bits® . ......... 15 usec. max. 6.0 usec. max.
8bits* .......... . 10 usec. max. 4.0 usec. max,
Buffer Settling Time, 10Vstep . . ... ... 3.0 usec. to .01%
Power Supply Rejection . . ... ...... .002% / % Supply max.

POWER REQUIREMENT
+15VDC £0.5V @ 55mA

—15VDC +0.5V @ 45mA
+ 5VDC $0.25 @ 100mA

1. It is recommended that the 15V power input
pins both be bypassed to ground with a .01uF
ceramic capacitor in parallel with a 1uF electro-
lytic capacitor and the +5V power input pin be
bypassed to ground with a 10uF electrolytic
capacitor as shown in the connection diagrams. In
addition, pin 27 should be bypassed to ground
with a .01uF ceramic capacitor. These pre-
cautions will assure noise free operation of the
converter.

2. Digital Common (pin 15) and Analog Common
(pin 26) are not connected together internally,
and therefore must be connected as directly as
possible externally. It is recommended that a
ground plane be run underneath the case between
the two commons. Analog ground and *15V
power ground should be run to pin 26 whereas
digital ground and +5V ground should be run to
pin 15.

3. External adjustment of zero or offset and gain are
provided for by trimming potentiometers con-
nected as shown in the connection diagrams. The
potentiometer values can be between 10K and
100K ohms and should be 100ppm/°C cermet
types (such as Datel-Intersil's TP series). The ad-
justment range is +0.2% of FSR for zero or offset
and £0.3% for gain. The trimming pots should be
located as close as possible to the converter to
avoid noise pickup. In some cases, for example 8
bit short-cycled operation, external adjustment
may not be necessary.

4. Short cycled operation results in shorter conver-

sion times where the conversion can be truncated
to less than 12 bits. This is done by connecting
pin 14 to the output bit following the last bit
desired. For example for an 8 bit conversion, pin
14 is connected to bit 9 output. Maximum con-
version times are given for short-cycled conver-
sions of 8 or 10 bits. In these two cases the clock
rate is also speeded up by connecting the clock
rate adjust (pin 17) to +5V (10 bits) or +15V (8
bits). The clock rate should not be arbitrarily
speeded up to exceed the maximum conversion
rate at a given resolution, however, or missing
codes will result.

5. Note that output coding is complementary cod-
ing. For unipolar operation it is complementary
binary and for bipolar operation it is comple-
mentary offset binary or complementary 2's com-
plement. In cases where bipolar coding of offset
binary or 2's complement is required, this can be
achieved by inverting the analog input to the con-
verter (using an op amp connected for gain of
—1.0000). The converter is then calibrated so that
—FS analog input gives an output code of 0000
0000 0000, and +FS—1LSB gives 1111 1111
1111,

6. These converters dissipate approximately 2 watts

of power. The case to ambient thermal resistance
is approximately 25°C per watt. For ambient
temperatures above 50°C, care should be taken
not to restrict air circulation in the vicinity of the
converter.

PHYSICAL-ENVIRONMENTAL :
Operating Temperature Range . . . . . . ... 0 to 70°C, -25 to +85°C,

or -55 to +100°C
Storage Temperature Range . . . . ... ... -65°C to +150°C
PackageSize . . . ... ............. 1.700 x 1.100 x 0.160 inches
Package Type. . . . ... ..... e 32 pin ceramic
Pins . . ... .. ... i 0.010 x 0.018 inch Kovar
Weight. . . ... ................. 0.5 oz. (14g.)
NOTES:

1. All digital outputs can drive 2 TTL loads.

2. Without buffer amplifier used. ADC-HZ12B may require external adjustment of clock rate.
3. FSRis full scale range and is 10V for 0 to +10V or 15V input and 20V for £10V input.

4. Short cycled operation.

ORDERING INFORMATION

TEMP.
MODEL RANGE SEAL

ADC-HX12BGC 0to 70C EPOXY
ADC-HX12BMC 0 to 70C HERM.
ADC-HX12BMR -25to +86C HERM.
ADC-HX12BMM 55 to +100C HERM.
ADC-HZ12BGC 0 to 70C EPOXY
ADC-HZ12BMC 0to 70C HERM.
ADC-HZ12BMR  -25to +86C HERM.
ADC-HZ12BMM 55 to +100C HERM.
Mating Socket: DILS-2 (2/converter)

Trimming Potentiometers: TP2K, TP5K, TP10K,
TP20K, TP50K or TP100K

THESE CONVERTERS ARE COVERED UNDE‘R
GSA CONTRACT
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TIMING AND CONNECTION DIAGRAMS

7. These converters can be operated with an ex-
ternal clock. To accomplish this, a negative pulse
train is applied to START CONVERT (Pin 21).
The rate of the external clock must be lower

TIMING DIAGRAM FOR ADC-HX12B, ADC-HZ12B OUTPUT:

010101010101

than the rate of the internal clock as adjusted
(see clock rate adjustment diagram) for the con-
verter resolution selected. The pulse width of the
external clock should be between 100 nsec. and
300 nsec. Each N bit conversion cycle requires a
pulse train of N + 1 clock pulses for completion,
e.g., an 8 bit conversion requires 9 clock pulses
for completion. A continuous pulse train may
be used for consecutive conversions, resulting in
an N bit conversion every N + 1 pulses, or the
E.O.C. output may be used to gate a continuous
pulse train for single conversions.
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ADC-HX12B ADC-HZ12B

UNIPOLAR OPERATION

| |
1
|
|
! L
T, 20 usec. 8.0 usec. } !
T, 1.56 usec. 0.56 usec. | =
T 1
l 1
[ |
UNIPOLAR OPERATION, 0 TO +10V BIPOLAR OPERATION, -5V TO +5V
START START
CONVERT IN +5VDC CONVERT IN
1 16 1704 n I_ 1 e T
015 180 15vDC Tour ] 15 180 +15vDC
L—ou 190 o014 199
——o13 200 —to13 200
—o12 2104 10K sv 1 —ton 210 Lok
JR 220 T0 GND = —ton 2 AAA > 10
ANALOG INPUT 2
—t010 230—4— 27MEG 100¢ (©TO +10v) —tfon ADC HX128 13°—"—I 27mES s A:{‘:bofol?:\‘/,)
———109 ADC HX1B 24 ‘o) —t09 24 ’o)
5VDC L OR ADC HZ128
—t o8 ADC 1218 20 T 15V GND oata —108 250 1T 15V GND
. —t07 P OF MG 10k | == OUTPUTS ———07 xo——-}_owF 18 MEG S [
——t06 27 0—4————AAA— To —t—06 270G AAA g TO
10uF [os 100K | o5 9 100K
[ S PN L Lo
> —104 290, I I“F —T04 290 I‘F
L u
GND = —to3 0 | [== = T3 00 | F= =
. DATA ——02 31 15v0C —t o2 3 15vDC
OUTPUTS ——t01 o || &£ Lo —t o1 o | £ Lo
/E[ I /_‘I I
1uF CAPS 014F CAPS ARE CERAMIC TYPES 1uF CAPS 01 uF CAPS ARE CERAMIC TYPES

CODING TABLES

BIPOLAR OPERATION

COMP. COMP. COMP. TWO'S

INPUT RANGE BINARY CODING INPUT VOLTAGE RANGE OFFSET BINARY COMPLEMENT
0TO+10V | 0 TO+5V | MSB LSB +10V +5V +2.5V MsB LSB MsB LSB
+9.9976V | +4.9988V | 0000 0000 0000 +9.9951V | +4.9976V | +2.4988V | 0000 0000 0000 1000 0000 0000
+8.7500 +4.3750 0001 1111 1111 +7.5000 +3.7500 +1.8750 0001 1111 1111 1001 1111 1111
+7.5000 +3.7500 0011 1111 1111 +5.0000 +2.5000 +1.2500 0011 1111 1111 1011 1111 1111
+5.0000 +2.5000 0111 1111 1N 0.0000 0.0000 0.0000 0111 1111 1N 1111 1111 1IN
+2.5000 +1.2500 1011 1111 1111 -5.0000 —2.5000 -1.2500 1011 1111 1111 0011 1111 1111
+1.2500 +0.6250 1101 1111 11N ~7.5000 -3.7500 -1.8750 1101 1111 111 0101 1111 1111
+0.0024 +0.0012 1111 1111 1110 -9.9951 —4.9976 —2.4988 1111 1111 1110 0111 1111 1110
0.0000 0.0000 1111 1111 1 ~10.0000 —5.0000 ~2.5000 1M1 1111 11N 0111 1111 1111
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CONNECTIONS AND CALIBRATION

INPUT CONNECTIONS

INPUT WITHOUT BUFFER WITH BUFFER

VOLT. |[INPUT| CONNECT THESE [INPUT CONNECT THESE

RANGE | PIN | PINS TOGETHER | PIN PINS TOGETHER
0TO +5v 24 |122&25 | 23& 26| 30 [22&25 | 23&26 | 29& 24
0TO +10V| 24 - 23& 26| 30 - 23&26 | 29&24
2.5V 24 (22&25 | 23&22| 30 (22&25 | 23&22 | 29& 24
5V 24 - 23&22| 30 - 23&22 | 29& 24
10V 25 - 23&22| 30 - 23&22 | 29&25

SHORT CYCLE OPERATION

CONNECTIONS
8,10, & 12 BIT CONVERSION
= RESOLUTION 12BITS | 10BITS | 8BITS
o1e T ADC-HX12B CONV. TIME| 20 usec. | 15 usec. | 10 psec.
° RATE —s 115y ADC-HZ12B CONV. TIME| 8 usec. 6 usec. 4 sec.
oo CONNECT THESE 17&15 | 17&16 | 17&28
| overe o~ ] PINS TOGETHER 14816 1482 1484
TO SELECTED PIN 14 CONNECTION

DATA OQUTPUT PIN

CLOCK RATE VS. VOLTAGE RES. (BITS) PIN 14 TO RES. (BITS) PIN 14 TO
1 PIN 11 7 PIN 5
PIN 17 CLOCK RATE g :x ;0 g g:m ‘;
\"/ - -H
OLTAGE | ADC-HX12B ADC-HZ128B a PIN 8 10 PIN 2
ov 600 kHz - 1.5MHz 5 PIN 7 1 PIN 1
+15V 880 kHz 2.2MHz
CALIBRATION PROCEDURE
1. Connect converter as shown in the Standard Connection diagrams. Use the CALIBRATION TABLE
Input Connection Table for the desired input voltage range and input
impedance. Apply Start Convert pulses of 100 nsec. minimum duration to pin UNIPOLAR RANGE | ADJUST. | INPUT VOLTAGE
21. The spacing of the pulses should be no less than the maximum conversion ZERO 06 mv
time. :
me 0TO+5V GAIN +4.9982V
2. Zero and Offset Adjustments ZERO +1.2mV
Apply a precision voltage reference source between the selected analog input 0TO +10V GAIN +9.9963V
and ground. Adjust the output of the reference source to the value shown in BIPOLAR RANGE
the Calibration Table for the unipolar zero adjustment (zero +% LSB) or the
bipolar offset adjustment (—FS+% LSB). Adjust the trimming potentiometer so +2.5V O;ZTST +§:§2§x
that the output code flickers equally between 1111 1111 1111 and 1111 1111 OFFSET —4.9988V
1110. 8V GAIN +4.9963V
3. Full Scale Adjustment OFFSET ~9.9976V
Change the output of the precision voltage reference source to the value shown ) 10V GAIN +9.9927V
in the Calibration Table for the unipolar or bipolar gain adjustment
(+FS—1% LSB). Adjust the gain trimming potentiometer so that the output
code flickers equally between 0000 0000 0001 and 0000 0000 0000.
CLOCK RATE ADJUSTMENT
+5V ) +15V
17 O 2K 17 O—p 5K
CLOCK RATE: CLOCK RATE:
—~— 600 kHz to 720 kHz (ADC-HX12B) -4~ 600 kHz to 880 kHz (ADC-HX12B)
— 1.5T0 1.8 MHz (ADC-HZ12B) — 1.5T0 2.2 MHz (ADC-HZ12B)

Printed in U.S.A. Copyright © 1979 Datel-Intersil, Inc. All rights reserved

-‘ l D l/,é&ﬂ gl | 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340

N =3 Santa Ana, (714)835-2751, (L A) (213)933-7256 e Sunnyvale, CA (408)733-2424  Gaithersburg, MD (301)840-9490
> ['[I[L « Houston, (713)781-8886 » Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
* DATEL SYSTEMS SARL 602-57-11 » DATELEK SYSTEMS GmbH (089)77-60-95 » DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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FEATURES

+ 8 Bits Resolution

e 600 nsec. or 1 usec. Conversion Time
e 6 Input Ranges :

o Parallel or Serial Outputs -

e Logic-Controlled Bipolar Offset

o No Calibration Required

GENERAL DESCRIPTION

Datel-Intersil's ADC-815 and ADC-825
are very high speed 8 bit successive ap-
proximation A/D converters in minia-
ture hybrid form. Both models have
identical specifications except for
conversion time. The ADC-825 has a
maximum conversion time of 1 usec.,
while the ultra-fast ADC-815 accom-
plishes an 8 bit conversion in only 600
nsec., maximum.

These converters feature six analog in-
put voltage ranges: 0 to +5V, 0to +10V,
0 to +20V, £2.5V, =5V and =10V. Se-
lection of input ranges is accomplished
by simple external pin connection. Uni-
polar or bipolar operating mode is se-
lected by a digital control applied to the
bipolar offset input. Operation of these
devices is further simplified by com-
plete functional laser trimming, result-
ing in a factory-trimmed converter that
requires no external adjustments.

Each converter is a functionally com-
plete unit requiring a minimum of pas-
sive external components for operation,
and is packaged in a miniature, hermeti-
cally sealed 24-pin ceramic DIP.

Output data is available in parallel or
serial form by external pin connection.
Parallel output coding is straight binary
for unipolar operation and offset binary
or two's complement for bipolar opera-
tion. Output coding in the parallel mode
is accomplished by connection to either
the MSB output or the MSB output.
Serial output data is coded as straight
binary for unipolar operation or offset
binary for bipolar operation.

Additional specifications shared by

both models include maximum non- -

linearity of £% LSB, differential non-
linearity of =)% LSB maximum, gain
tempco of 20 ppm/°C maximum, power
supply rejection of =0.02%/% supply
‘maximum, and long term stability of
+0.05%/year. Both models require

+15V and 5V supplies, and are avail-
able in different versions for operating
temperature ranges of 0to +70°C, —25
to +85°C, or —55 to +125°C.

~ A/DConverters

Models ADC-815, ADC-825

-15V
POWER GND

(ONIONINO;

POWER

e
PRECISION
c

(1) seraL pata ouTPUT

‘BI‘HM‘SB

17) BIT 1 MSB

18)BIT 2

‘SUCCESSIVE
APPROXIMATION
REGISTER 20)BIT4

OL

—19)BIT3

[TITT]]

§28-0avV ‘Si8-2aV STAAON SHILHIANOD A/V 119 8 LSV4-VHLIN

(22)er7 6
BIT8LSE
2 5V, . : . .
§ Ranee 2 W] HIGH SPEED_ +———-@ E0C
g RANGE (10 ) 45001
20V,
% RanGe (! M 4 CoNTROL —-@ CLOCK OUTPUT
(D)
START
CONVERSION
MECHANICAL DIMENSIONS INPUT/OUTPUT
INCHES (MM) CONNECTIONS
0.800 MAX PIN| FUNCTION PIN | FUNCTION
| 2.3 | 1_| SERIAL DATA OUTPUT 13_| cLock ouTPUT
1 0.160 MAX (4,7) 2 | EOC 14 | POWER GROUND
o150MIN — 1 [3]rsyeomrn 15_| +5v POWERIN
) (3,8) 4 | —15V POWER IN 16 | BIT 1 OUT (MSB)
.010 x 0.018 . 5 | ANALOG GROUND 17_| BIT 1 OUT (MSB)
I KOVAR 6 | ANALOG GROUND 18_| BIT20UT
2 3, 1200 7 | ANALOG GROUND 19 | BIT3OUT
' ' 8 | BIPOLAR OFFSET 20 } BIT40UT
1 1 . 9 | ANALOG INPUT, 5V RANGE |21 | BIT 50UT
N 1 |11 spaces 10 | ANALOG INPUT, 10V RANGE| 22 | BIT 6 OUT
(] [} AT 0.100 11 | ANALOG INPUT, 20V RANGE} 23 | BIT 7 OUT
& BOTTOM 1 EA,(ZV 5) 12 ] START CONVERSION 24 | BIT8OUT (LSB)
N VIEW ' 1.300 MAX -
(33,0
[ [
] [
' 1
[ [
DOTONTOP 4oy q 241 0.100
REFERENCES o0
PIN1 e
0.600 0.100
(15,2) 2,5

NOTE: PINS HAVE 0.025 INCH STANDOFF FROM CASE

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, ADC-815, ADC-825

Typical at 25°C, =15 VDC and +5 VDC supplies, unless otherwise noted.

TECHNICAL NOTES

No MissingCodes....................

ADC-815 ADC-825
MAXIMUM RATINGS
Positive Supply.............. ... ..., +18V
Negative Supply. ............ ... ... —-18V
LogicSupply.............ooooinn +7V
Digital Inputs. . .. .................... +5.5V
Analoglinputs....................... +25V
INPUTS
Analog Input Ranges, Unipolar. ....... Oto +5V, 0to +10V, 0 to +20V,
Bipolar.......... *2.5V, £5V, £10V
Input Impedance, 5VRange.......... 1.34K
10VRange.......... 2.3K
20VRange.......... 4.27K
StartConversion. .................... +2V min. to +5.5V max. Positive Pulse 50
nsec min. duration, 10 nsec. typ.rise and fall
times. Positive Going Edge resets outputs
to011...1andsets EOC HI. Negative going
edge initiates conversion.
Loading: 2 TTL loads.
BipolarOffset. .. .................... Hold HI (+2.0V to +5V) for bipolar
operation, hold LO < +0.8V) for
unipolar operation.
OUTPUTS
Parallel OutputData. ................. 9 parallel lines (8 binary bits plus MSB)
Vour ("0") < +0.4V
Vour (“17) = +2.4V
Loading: 4 TTL loads
SerialOQutputData. .. ................ NRZ format successive
Decision pulse output at internal clock rate
generated during conversion. MSB first.
Loading: 4 TTL loads
Coding, Unipolar. .................... Straight Binary
Bipolar. ..................... Offset Binary, Two's Complement
[0 Lo P Conversion Status Signal.
HI > +2.4V during conversion and reset
periods. LO< +0.4V when conv. complete.
Loading: 4 TTL loads
ClockOutput........................ Internal clock pulse train of negative going
pulses? from +5V to OV.
Loading: 6 TTL loads
PERFORMANCE 600nsec. | 1pusec
Conversion Time®, max.. ..............
Resolution.......................... 8 bits
Nonlinearity. ........................ *+1% LSB max.
Differential Nonlinearity.............. *% LSB max.
GainError ...... ... i +% LSB max.
ZeroErmor ...t *% LSB max.
Gain Tempco, 0°C to +70°C4.......... *20 ppm of FSR/°C max.*
ZeroDrift......... ... ... .. +=100 uV/°C max.
Offset Tempeo. .............coounnn.. %10 ppm of FSR/°C max.*
Long Term Stability. . . ............... +0.02%/year

Over Operating Temp. Range

POWER REQUIREMENT
Analog Supply. ............coiii.

LogicSupply.......... ... ..ot
Power Dissipation. ...................

+15V =0.5V @ 35 mA max.
—15V £0.05V @ 15 mA max.
+5V *£0.25V @ 100 mA max.
“1.25W max.

PHYSICAL ENVIRONMENTAL
Operating Temp. Range, BMC ... .. ....
: BMR

Storage Temp.Range. . ..............
PackageType................occventn
Pins. ... ... i

0°C to +70°C
—25°C to +85°C
—55°C to +125°C
—65°C to +150°C
24 pin Ceramic DIP
0.010 X 0.018 inch Kovar
0.20z.(69)

700 nsec. at 25°C.

4. Doubles outside this temperature range.

NOTES: 1. Unused analog inputs must be grounded. )
2. At 15.9 MHz for the ADC-815, 9.52 MHz for the ADC-825.
3. The conversion time temperature coefficient for these converters is 0.15%/°C.
This tempco is positive from 0°C to +125°C and from 0°C to —55°C Maximum
conversion time is specified at 25°C. Max. Conversion Time for “M M"” version is

5. FSR is Full Scale Range.

1. The high operating speed of these convert-

ers requires that good high frequency board
layout techniques be used. Leads from data
outputs should be kept as short as possible,
output leads longer than 1 inch (2.5 cm) re-
quire the use of an output register. Use of a
ground plane is particularly important with
high speed data converters as it reduces high
frequency noise and aids in decoupling ana-
log signals from digital signals. Ground loop
problems are avoided by connecting all
grounds on the board to the ground plane.
The basic configuration of the ground plane
directly below the ADC-815 or ADC-825 is
shown in the ground plane layout diagram.
This layout should be modified after selec-
tion of analog input range to include unused
analog inputs.

. Analog input leads should be as short and

direct as possible. The use of shielded cable
as an analog input lead will ensure isolation
of analog signals from environmental inter-
ference. Unused analog inputs should be
grounded.

. For applications of the ADC-815 or ADC-825

that require an input buffer amplifier, an
amplifier should be selected with particular
attention to its high speed performance and
low output impedance.

. Analog and digital supplies are internally

bypassed to ground with .01 pF capacitors;
however, it is recommended that the +15V,
—15V and +5V supplies be additionally by-
passed externally with 1 uF electrolytic capac-
itors as shown in the connection diagrams.

. For bipolar operation the bipolar offset input

(pin 8) is held at logic HI (+2.0V to +5V);
for unipolar operation pin 8 is held at logic
LO (0V to +0.8V).

. In the bipolar mode, two’'s complement out-

put coding is available by using the MSB
output (pin 16); offset binary coding is ob-
tained by using the MSB output (pin 17).
Unipolar operation requires use of the MSB
output (pin 17) to achieve straight binary
output coding.

. Serial output data is available at pin 1 in stan-

dard NRZ format with the MSB appearing
first. Coding is straight binary for unipolar
operation or offset binary for bipolar opera-
tion. Synchronization of serial output data is
achieved by use of the clock output (pin 13).
Each data bit is valid when the clock output
is HIGH and appears in succession from the
MSB at the second clock LOW to HIGH tran-
sition to the LSB at the ninth clock LOW to
HIGH transition.

. Applications of these converters that require

the use of a sample-hold may be satisfied by
Datel-Intersil's model SHM-HU, an ultra-fast
hybrid unit featuring 25 nsec acquisition
time and a =2.5V input range.

9. These converters have a maximum power

dissipation of 1.25W. The case-to-ambient
thermal resistance for this package is ap-
proximately 33°C per watt. For operation in
ambient temperatures exceeding 83°C, air-
flow of at least 400 linear feet per minute is
recommended.

20of4
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APPLICATIONS

TIMING DIAGRAM FOR ADC-815, ADC-825
OUTPUT: 10100001

» Hi
START :I__l— 50 NSEC. MIN., 100 NSEC. MAX.
CONVERT w

by
W "

o
1
I I
—i 40 NSEC. TYP.
EOC o

HI

\

CLOCK
OUTPUT Lo

HI 1 ] i
SERIAL DATA I BIT1 | sr2 | a3 I are | ems | eme | a7 l Bre |
OUTPUT . 1O L | !

Hi
BIT 1(MSB) \\\\\] I
out 10

Hi
BIT 2 )55521 ]
ouT Lo

HI

BIT 8 (LSB) :5!\)! l l
out Lo CON¥|EV|RES'QN ADC-815 ADC-825

20
NSEC.|

T = 600NSEC. MAX. [ 1.0 uSEC. MAX.
CODING TABLES
UNIPOLAR OPERATION BIPOLAR OPERATION
UNIPOLAR | OUTPUT CODING* ANALOG INPUT BIPOLAR OUTPUT CODING INPUT VOLTAGE RANGE
SCALE STRAIGHT BINARY | 0to +5V | 0to +10V] 0to +20V SCALE
F.S.-1LSB 11111111 +4.980V | +9.961V | +19.922v OFFSET T™WO'S
%F.S. 1100 0000 +3.750V | +7.500v | +15.000vV BINARY' [COMPLEMENT? | *2.5v *5v +10V.
%FS. 1000 0000 +2.500V | +5.000V | +10000V | |+Fs.—1LSB[1111 1111 01111111 |+2.480V | +4.961V | +9.922V
%FS. 0100 0000 +1.250V | +2.500V | +5.000V +%FS. 11000000, 01000000 |+1.250V | +2.500V | +5.000V
1LsB 0000 0001 +0.020v | +0.039V | +0.078V +1LSB 1000 0001} 0000 0001 +0.020V | +0.039Vv | +0.078V
0 0000 0000 0.000V | 0.000V | 0.000V 0 1000 0000| 0000 0000 0.000vV | 0.000v| 0.000V
*FOR PARALLEL OR SERIAL OUTPUT DATA ~%FS. 0100 0000| 11000000 |—1.250V | —2.500V | —5.000V
—F.S.+1 LSB|00000001| 10000001 |—2.480V | —4.961V | +9.922v
—F.S. 0000 0000| 10000000 | —2.500V | —5.000V | +10.000M

NOTES: 1. FOR PARALLEL OR SERIAL OUTPUT DATA
2. FOR PARALLEL OUTPUT DATA ONLY

ORDERING INFORMATION BASIC GROUND PLANE LAYOUT

OPERATING
MODEL TEMP. RANGE SEAL
ADC-815MC 0°C to +70°C Hermetic
ADC-815MR  —25°C to +85°C Hermetic
ADC-815MM —55°Cto +125°C  Hermetic
ADC-825MC 0°C to +70°C Hermetic
ADC-825MR —25°C to +85°C Hermetic
ADC-825MM ~55°C to +125°C Hermetic
TOP
Mating Socket: DILS-3 (24-pin socket) gg;;gggchs
Tr g Pc { t TP-100 PIN 1

THESE CONVERTERS ARE COVERED BY GSA CONTRACT

THIS BASIC GROUND PLANE LAYOUT SHOULD BE
MODIFIED BEFORE IMPLEMENTATION TO INCLUDE
UNUSED ANALOG INPUTS.
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UNIPOLAR/BIPOLAR OPERATIONS OUTPUT REGISTER

~15v = v 45V
. . " |LESS THAN 17
WE TuF WF 11

0 3 ,{mss oyt
RS

1Q}—0 MSB OUT
2Qp—o
3Qp—o
4Q—0 BIT 4 OUT

18 p———O——120
19 p——o0——3D

SLLSVINS

BIT 4 QUT

ADC-815 TRANSFER
ADC~825 i
PARALLEL INPUT
OUTEuT BIT 5 QUT crock

barA 21p—o—1 1Q4—o0BIT50UT

2Qp—o

3ob—o
4Q—o0BIT6OUT

SUCCESSIVE
REGISTER

| PRECISION I D/A

BIPOLAR
OFFSET

HEREEEE

GLLSYINS

HOLD HI FOR BIPOLAR o———@
HOLD LO FOR UNIPOLAR
SELECT THE
APPROPRIATE 5v RANGE o—(8
INPUT AND
GROUND wv RANGE U

UNUSED |
ONES 20V RANGE o—-—@

LSB OUT

HIGH SPEED +_‘—

conTROL *TRANSFER DATA INPUT MAY BE TIED TO EOC QUTPUT (PIN 2) OR
= Wee  —{E—ocwcxourrur EXTERNALLY DRIVEN. WHEN TRANSFER DATA IS EXTERNALLY
CONTROLLED TIMING OF CONTROL PULSE SHOULD BE AS
T SHOWN

Gi) B%XJSFER HI —%————
CONVERSION INPUT Lo
HI
EoC l
1)

ADC-815/SHM-HU CONNECTION

~18v +15V 45V
>
uF 17
®
118V +5v
- 1
0.14F 6 ) — = _—
36012 2400 5 1
l—{ successive
o COMVERTER APPROXIMATION PARALLEL
23 20 19 +15V — REGISTER OuTPUT
DATA
o—22 BIPOLAR
INPUT 1 oFFseT ]
25V
SHM-HU .
K HIGH SPEED +————®-—-o EGC
col OR
2K 45002
! K == °‘23£’}3 L —@—o CLOCK OUTPUT
3 ADC-815, ADC-825
o I
ECL 10,000
DIFF. LINE
DRIVER .
36002 2200 ¢—| START
CONVERSION
-5V -8V

Printed in U.S.A. Copyright © 1980 Datel-Intersil, Inc. All rights reserved.
m 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213)933-7256 e Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490
b; "an  Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
« DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95 e DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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FEATURES

¢ 10 Bits Resolution

® 800 nsec or 1.4 usec ConversionTime
® 6 Input Ranges

e Unipolar and Bipolar Operation

e Programmable Output Coding

GENERAL DESCRIPTION

Datel-Intersil's ADC-816 and ADC-826 are
very high speed 10 bit successive approx-
imation A/D converters, realized as minia-
ture thin-film hybrids. Both models have
identical specifications except for conver-
sion time. The ADC-826 has a maximum
conversion time of 1.4 usec. The ultra-fast
ADC-816 offers a maximum conversion
time of only 800 nsec, making this the fast-
est 10 bit A/D converter of any hybrid,
monolithic, or modular unit currently availa-
ble. Please note that these conversiontimes
are specified as maximum at full rated
operalting temperature!

These converters feature six analog .input
voltage ranges: 0 to -5V, 0 to =10V, 0 to
=20V, £2.5V, £5V and +10V. Selection of in-
put range is accomplished by simple exter-
nal pin connection.

Output data is available in parallel or serial
form by external connection. Data is coded
as straight binary for unipolar operation and
as either offset binary or Two's complement
for bipolar operation. Two's complement is
available in the parallel output mode only
and is selected by pin connection.
Specifications shared by both models in-
clude maximum nonlinearity of +1, LSB and
differential nonlinearity of !, LSB max-
imum.

These converters are functionally complete
units requiring a minimum of passive exter-
nal components for operation. Each unit is
composed ok a high speed comparator, an
ultra-fast settling D/A converter, a precision
voltage reference, successive approxima-
tion register, clock generator and control
logic circuits. The combination of unique
design and the latest hybrid fabrication
technology allows this level of performance
to be achieved in a miniature hermetically
sealed 32 pin ceramic DIP package.

Both models require +15VDC and +5V sup-
plies, and are available in versions for the 0
to 70°C, -25 to +85°C or -55 to +125°C
operating temperature ranges. For informa-
tion on versions certified to MIL-STD-883
Class B, contact the factory.

DATEL-INTERSIL, INC,,

- Ultra-Fast 10-Bit
A/ D Converters

ADC- 816,ADC-826

-15V REF - 'O\IREF

-10V REF
IN

415V PWR

-16V +5V
POWER POWER

POWER OUT POWER GND
? Ci) ? @ O ® @
s @
-~ ZOV@ REFERENCE —@ BIT9
RANGE _ BITS
5000 —@ BIT7
10V SE;AI'EILG SUCCESSIVE
2  RANGE APPROXIMATION @ e
g 2500 CONVERTER REGISTER ,_@ BITS
g . v @ —@ BIT4
E RANGE ,___@ aT3
2500 ’_‘ BT 2
ot Dy D e
1x0 HIGH-SP —® ws8
ANALOG 0 comP, | SERIAL
COMMON ‘ l DATA QUTPUT
‘e i 3 ot
30) cLock out
]
COMPARATOR START !
GROUND ‘CONVERSION
MECHANICAL DIMENSIONS INPUT/OUTPUT
INCHES (MM) CONNECTIONS
1.100
}‘_—' (27.8) ‘_—'l PIN | FUNCTION PIN | FUNCTION
] o0 1 | POWER COM 17_| +5V POWER
5 1 2 REF OUT 18 MSB 1
i 3 | REF POWER 19 | MSB 1
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SPECIFICATIO

ADC-816, ADC-826

(Typical at +25°C, 15 VDC and +5 VDC supplies, unless otherwise noted)

MAXIMUM RATINGS

Positive Supply,pin12................... +16VDC
Negative Supply,pind ................... -16 VDC
LogicSupply,pin17 ..................... +7VDC
Logiclnputs ..................... ... ... +7VDC
Analoginputs ................. ... ... + Twice selected analog input range
INPUTS
Analog Input Ranges,unipolar' ......... 0to -5V, 0to -10V, 0 to -20V
,bipolar ........... 2.5V, 5V, +10V
,reference......... -9.5V to -10.5V
Input Impedance®  ,5Vrange ......... 250Q
,10Vrange ........ 500Q2
,20Vrange ........ 1 KQ
,bipolarinput...... 1 KQ
,reference (pin5) .. 2KQ

Startconversion ........................ 2V min to 5.5V max. positive pulse with duration
of 50 nsec min. Rise and fall times typ. 10 nsec.
Logic “1" resets converter, Logic “0" initiates
conversion. Loading: 1 TTL Load.
OUTPUTS

ParallelOutputData.....................

Coding® ,unipolar ......................
Jbipolar® .. ... ... ...
SerialOutputData ......................

End of Conversion(EOC) ................

ClockOutput ...........................
Clock Frequency , ADC-816MC/MR® .. ...
,ADC-826MC/MR/MM

Reference Output,Voltage ..............
,Current..............
,Impedance...........

11 Parallel lines of data (10 binary bits + MSB)
held until next conversion command. Vout (“0")
= +0.4V, Vout ("1") = +2.4V.

Loading: 2 TTL loads

Straight Binary

Offset Binary, Two's Complement

NRZ successive decision pulses out, MSB first,
at internal clock frequency

Loading: 4 TTL Loads.

Conversion Status Signal. Output is logic HI
during reset and conversion, LO when
conversion is complete. Loading: 4 TTL Loads.

Train of positive going, 0 to +5V, 30 nsec pulses.

12.5 MHz

..6.6MHz

-10.00V + 0.02V
0 to +20 mA (sink only)
10 Q max. fo< 10 MHz

PERFORMANCE
Resolution .............................

Conversion Time® ,ADC-816MC/MR’ .. ..
. 1.4 usec max.

,ADC-826MC/MR/MM
Nonlinearity . ...........................
Differential Nonlinearity® ................

Gain Error®, before adjustment, unipolar . .

10 Bits
800 nsec max.

=1/, LSB max.
15 LSB max.
+0.3% of FSR'®, max.

,bipolar . .. +0.2% of FSR max.

Zero Error, before adjustment, unipolar . ..
Offset Error, before adjustment, bipolar . ..

+0.2% of FSR max.
+0.1% of FSR max.

Gain Tempco'' ,unipolar ................ +37 ppm/°C max.
,bipolar ................. +28 ppm/°C max.
Zero Tempco ,unipolar.................. +12 ppm/°C max.
,bipolar ................... +23 ppm/°C max.
Conversion TimeTempco................ +0.1%/°C
Reference OutputTempco ............... +20 ppm/°C max.
Power Supply Rejection ................. Effectively infinite for rated supplies
Nomissingcodes ....................... Over operating Temp. Range
POWER REQUIREMENTS
Analog Supply ,pin12................... +15V £0.1V @ 106mA max.
,PiNd ... -15V £0.5V @ 20mA max.
Reference Supply,pin3.................. -15V *0.5V @ 34mA max.
LogicSupply,pin17 ..................... +5V £0.25V @ 194mA max.
PowerDissipation....................... 3.6W max.
PHYSICAL-ENVIRONMENTAL
Operating Temp. Range SuffixC ........ 0°C to +70°C
SuffixR ........ -25°C to +85°C

SuffixM........ -55°C to +125°C
Storage TemperatureRange ............. -65°C to +150°C
PackageType .............c.ooiiunnn.. 32 pin hermetically sealed Ceramic DIP
Pins ......... ... 0.010 x 0.018 inch gold plated Kovar
Weight .. ... .. ... . 0.8 0z (23g)

TECHNICAL NOTES

1. Use of good high frequency circuit board layout
techniques is required for rated performance.
The power common (pin 1) and comparator
common (pin 7) are not connected internally,
and therefore must be connected externally as
directly as possible, through a low resistance,
low inductance path. The signal common (pin
6) is connected to power common (pin 1) in-
ternally and so may be used as a signal sense
line to reference the signal input. The extensive
use of a ground plane for all common connec-
tions is highly recommended. Also, it is recom-
mended that the analog and digital supplies, al-
though they are internally bypassed with 0.033
JF capacitors, be additionally bypassed exter-
nally at the supply pins with 1 uF electrolytic ca-
pacitors.

2. The digital outputs are not buffered from their

internal application and so are sensitive to un-
usual loading or long lines. Terminate these
outputs with normal TTL inputs not more than 3
inches from the data output pin. Analog inputs
must be non-reactive such that leads should
be short and purely resistive. The reactive
component of any analog input source, as
seen at the analog input pin, should be less
than 0.3% of the analog input resistance at that
pin, for frequencies below 20 MHz.

3. Conversion time is measured from the rising

edge of a 50 nsec start input pulse to the falling
edge of the EOC output. The conversion time
is factory set at +25°C for the ADC-816 MC/
MR at 750 nsec, 875 nsec for the ADC-
816MM, and 1.25 usec for the ADC-826MC/
MR/MM. The worst case conversion time at
the maximum rated operating temperature is
given as a maximum specification.

4. To use the internal reference the reference

supply pin (pin 3) must be connected to the
~15V supply. If the reference supply pin (pin 3)
is disconnected or grounded, the internal ref-
erence will be disabled at a power saving of
approximately 200 mW.

5. Serial output data is available in NRZ format

successive decision pulses, MSB first, in
straight binary or offset binary coding. Syn-
chronization of the serial output data is
achieved through the use of the clock output
(pin 30). This same clock output also controls
the output register such that at the rising edge
of the output clock the previous data bit may be
clocked out, however, there will be no clock
edge to clock out the LSB. A Serial DATA Re-
covery circuit is diagrammed on the applica-
tions page that will correct this.

6. These converters have a case to ambient ther-

mal resistance of 22°C per watt. At tempera-
tures above +70°C an air flow of at least 400
linear feet per minute is recommended. To op-
erate at elevated temperatures it is recom-
mended that the converter be mounted di-
rectly to the circuit board (without the use of a
mounting socket) and that good thermal con-
tact be established between the case bottom
and the circuit board ground plane by use of a
silicone thermal joint compound such as Wa-
kefield Type 120 or equivalent.

7. Applications of these converters that require

the use of a sample-hold may be satisfied by
Datel-Intersil's model SHM-HU, an ultra-fast
hybrid unit featuring 25 nsec acquisition time
and a +2.5V input range.

6. Max. conversion time is specified at full rated operating temp. 10.FSR is Full Scale Range.

7. The ADC-816MM has a maximum conversion time of 11.Includes internal reference Tempco.
975 nsec at full rated operating temperature. Given as a maximum for 5V FSR,

these values improve by 10% for

10V FSR, and by 20% for 20V FSR.

NOTES: 1. Bipolar input must be tied to ground
2. Resistance tolerance is -30%, +50%, +50 ppm/°C.
3. All coding is inverted analog.
4.Two's Complement Binary available for parallel outaut only. 8. Tested over full rated operating temperature range.
5. Clock frequency for ADC-816MM is 10.5 MHz. 9. Includes Zero Error.
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APPLICATIONS

|15V +5V

-1V

UNIPOLAR OPERATION

GAIN
ADJUST

+15V
ADC-816

OFFSET
ADJUST

20KQ

=10V INPUT

*5VINPUT

*2.5V INPUT

SIG. COM.

~

COMP.GRND.

-15V +15V +6V

BIPOLAR OPERATION

+15V
OFFSET
ADJUST < 15K
20K

1009

-5V -

Of
GAIN
ADJUST ¢ REF.IN
1000 e ADC-816
OFFSET
ADJUST o BIPIN
500

+10V INPUT

+5VINPUT

+2.5VINPUT

SIG. COM.

COMP. GRND.

TIMING DIAGRAM FOR ADC-816, ADC-826
| g
HI -
START :'_I' 40 nsec MIN
10 - -
|
HEd
EOT. ———: }=— 90 nsec MAX
o + ———[ lozo nsec MIN —--IT;I— P
HI
1
CLOCK —=i |30 |
0 I
HI 1 . LT”I :
SERIAL |
DATA OUT BIT1 | BIT2 [ BIT3|BIT4 | BITS [BT6 | BIT7 |BiTE | BIT9 || BIT10
o U L] u U LJ:
HI T
MsB w |
1
L0 |
i !
2\ |
N .
HI :
BIT |
2 ;& | l |
0 |
HI I
BIT |
10 —»| e~ 35 nsec MAX
LsB §§ |
1)
MODEL T T2 T3
ADC-816 MC/MR 800 n sec 60nsec 65 nsec MAX
ADC-816 MM 975 nsec 75nsec 85 n sec MAX
ADC-826 MC/MR/MM 1.4 n sec 130 n sec 135 nsec MAX
CODING TABLES
UNIPOLAR OPERATION
INPUT RANGE STRAIGHT BINARY
0t0-20V|Oto-10vV|Oto -5V| MSB LSB
-19.9805 | -9.9902 -4.9951 1111 11 11
-17.5000 | -8.7500 -4.3750 1110 00 0000
-15.0000 | -7.5000 -3.7500 1100 00 0000
-10.0000 | -5.0000 -2.5000 1000 00 0000
-5.0000 | -2.5000 -1.2500 0100 00 0000
25000 | -1.2500 -0.6250 0010 00 0000
-0.0198 -0.0098 -0.0049 0000 00 0001
0.0000 0.0000 0.0000 0000 00 0000
BINARY OPERATION
INPUT RANGE OFFSET BINARY TWO'S COMPLEMENT
. #10V 5V +2.5V | MSB LSB | MSB LSB
-9.9805 | -4.9902 | -2.4951 1111 11 111 0111 " [ARRI
-7.5000 | -3.7500 | -1.8750 | 1110 00 0000 0110 00 0000
-5.0000 | -2.5000 | -1.2500- | 1100 00 0009 0100 00 0000
0.0000 | 0.0000 | 0.0000 | 1000 00 0009 1100 00 0000
+5.0000 | +2.5000 | +1.2500 | 0100 00 0000 1100 00 0000
+7.5000 | +3.7500 | +1.8750 | 0010 00 0009 1010 00 0000
+0.9805 |+49902 | +2.4951 | 0000 00 0001 1000 00 0001
J +10.0000 | +50000 | +2.5000 | 0000 00 0009 1000 00 0000
ORDERING INFORMATION
OPERATING
MODEL TEMP. RANGE
ADC-816MC 0°C To +70°C
ADC-816MR -25°C To +85°C
ADC-816MM -55°C To +125°C
ADC-826MC 0°C To +70°C
ADC-826MR -25°C To +85°C
ADC-826MM -55°C To +125°C
Mating Socket DILS-2 (2/converter)
Trimming TP20K, TP100, TP50
Potentiometers

CALIBRATION PROCEDURE.

1. Connect the converter as shown in the applicable connections diagram. A trig-
ger pulse of between 50 nsec and 100 nsec is applied to the start conversion input

(pin 31) at the rate of 200KHz.
2. Zero and Offset Adjustments

Apply a precision voltage reference source between the appropriate input for the
selected full scale range and ground. Adjust the output of the reference source to
the value shown in the Calibration Table for the unipolar zero adjustment (0-1/2
L.SB) or the bipolar offset adjustment (+FS-1/2 LSB). Adjust the appropriate trim-
ming potentiometer so that the output code flickers equally between X0000 00000
and X0000 00001. The MSB, indicated by X will be 0 for straight binary and offset

binary coding or 1 for two's complement output coding.
3. Fuli Scale Adjustment

Set the output of the voltage reference source used in step 2 to the value shown in
the Calibration Table for the unipolar or bipolar gain adjustment (-FS + 1 1/2 LSB).
Adijust the gain trimming potentiometer so that the output code flickers equally be-
tween X1111 11111 and X1111 11110. The MSB, indicated by X, will be 1 for
straight binary and offset binary coding or coding or 0 for two's complement output

coding.
UNIPOLAR . INPUT BIPOLAR INPUT
RANGE | ADJUST. | VOLTAGE RANGE | ADJUST. | VOLTAGE
0 To -5V Zero -2.4mV 2.5V Offset 124975V
Gain -4.9927V Gain -2.4927V
0 To -10V Zero -4.9mV +5V Offset +4.9951V
Gain 9.9854V Gain -4.9854V
0 to -20V Zero -9.8mV +10V Offset +9.9902V
Gain ~-19.9707.V Gain -9.9707V
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PERFORMANCE DATA

SERIAL
DATA RECOVERY
CIRCUIT
3 ale e
c
I|
NC

UNCONDITIONAL/START CIRCUIT HIGH SPEED THREE-STATE OUTPUT BUFFER
GROUND PLANE LAYOUT
l» LESS THAN 3“~—‘ “FOR TWO'S COMPLEMENT
OQUTPUT CODI
SIS CONRECTION
1S PIN 18 (MSB).
e [MsBOUT N vy MsBouT
‘[— 2 Yo f o
= DM 8095
— 1 z A2 o gove *2
EoC @ 22 Ag Yop—o0
!
B 7
2 55007 A'§| % " fesour
L ADC816
START ( ) OR
CONV B ADC 826 OUTPUT ENABLE
i
ADC8ts . I BIT60UT As e Y, BIT60UT «+USE DM 8096
! FOR INVERTING THE
! 2 As Ygp————0  OUTPUTCODING.
_______________________________ oM s0ss
O ) » A2 o goser 7 °
) 2 As Ye}——0
| 2% ) Y4
| LsBOUT LsBOUT
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out
DATA OUTPUTS IN AFTER 27 nsge MAXIMUM
HIGH IMPEDANCE STATE DELAY, OUTPUTS GO TO
| " HIGH IMPEDANCE STATE
ouTPUT
ENABLE CONTROL
w0
AFTER 37 nsec MAXIMUM
DELAY, DATA APPEARS AT
OUTPUT.

The Unconditional Start Circuit, shown for the ADC-816/826 insures
the initiation of a convers:on cycle upon the application of one start
pulse of 40 nsec minimum pulse width regardless of converter status.
The serial data output of the ADC-816/826 is converted into parallel
form, with the addition of an MSB output, by the Serial Data Recovery
circuit. Users should refer to technical note No. 2 on the loading of the
ADC-816/826 digital outputs wnen using these circuits.

15V

+15V. +5V

NIC

%Jso % 240 r—{
0.1

over the total conversion time of the A/D)

When the ADC-816 or ADC-826 is configured as shown here with Datel-Intersil's
SHM-HU hybrid sample-hold, a +2.5V input step can be acquired to 0.1% accuracy
in 30 nsec and held to within 40 uV while the A/D conversion takes place. Use of the
SHM-HU reduces the time over which the input signal is averaged to a few nano-
seconds (an A/D converter without a sample-hold averages the analog input signal

+ + +
ADC-816/SHM-HU CONNECTION WE | e L
32) EOC.
2 R ADC-816 29) SERIAL DATA
v I GROUND PLANE LAYOUT
Y —— p——(19) mse
! 5 1 —{20) 8IT2
01uF
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22 j20 ji9 L — F—(22) a4
I 0.1uF nNe @ — ——(23) BITs
<25V 22 DiA SAR
IV A — — F—24) 876
12 - NC . — —(25) BIT7
— F———(26) BiT8
L & 9" @ — F—27) iTe
SHM-HU ﬁ 0.1uF — —(28) L8
sl s BOTTOM
== 30) CLOCK OUT
1
comp
10 @
3 L) 15V 1 CLOCK @ START
" KT CONVERSION
ECL 10,000 -
LINE DRIVER 16 I@
® @ DOT ON TOP

NiC NiC NiC
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PIN1
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INTERSIL

FEATURES

12 Bit Resolution

2 usec or 3 usec Conversion Times
Unipolar & Bipolar Operation
Short Cycle Operating Capability
5 Programmable Input Ranges
Parallel or Serial Data Output

GENERAL DESCRIPTION

The ADC-817 and ADC-827 are high-speed
successive approximation A/D converters
in miniature hybrid form. Both Models have
identical specifications except for conver-
sion times. The ADC-827 has a maximum
conversion time of 3 usec while the ultra-
fast ADC-817 accomplishes a 12 bit con-
version in only 2.0 usec., maximum.

o o & 0 @

These converters feature five analog input
voltage ranges: 0 to =5V, 0 to —10V, £2.5V,
15V, and £10V. Selection of input range is
accomplished by simple external pin con-
nection. Both devices provide a user-
selectable, fast settling precision input
buffer with an input impedance of 100 MQ,
allowing them to be driven directly from a
high impedance source. The input buffer
may be bypassed for maximum speed appli-
cations with low impedance sources such
as a sample and hold.

Output data is available in parallel or serial
form by external connection. Data is coded
as straight binary for unipolar operation and
as either offset binary or two's complement
for bipolar operation. Two's complement
coding is available in the parallel output
mode only, and is selected by pin connec-
tion.

Specifications shared by both models in-
clude maximum nonlinearity of £1/2 LSB,
differential nonlinearity of £1/2 LSB max-
imum, gain tempco of 25 ppm/°C max-
imum, and a power supply rejection of
+0.01%/% supply maximum.

These converters are functionally complete
units requiring a minimum of passive exter-
nal components for operation. Each unit is
composed of a fast settling precision input
buffer, a high speed comparator, an ultra-
fast settling D/A converter, a precision volt-
age reference, successive approximation
register, clock generator and control logic
circuits. The combination of unigue design
and the latest hybrid fabrication technology
allows this level of performance to be
achieved in a miniature, hermetically sealed
32 pin ceramic DIP package.

Bothmodels require +15VDC and +5V sup-
plies, and are available.in versions for the 0
to +70°C, —25to +85°C or —25t0 +125°C
operating temperature ranges. For informa-
tion on versions certified to MIL-STD-883
Class B, contact the factory.

EVATEL

Ultra-Fast 12 Bit
| A /D Converters
Models ADC-817, ADC-827

BIPOLAR REF. REF. +
OFFSET  OUTPUT

15V

-15V 45V DIGITAL

POWER POWER POWER GROUND

@ (©) O]
PRECISION F——{@0)—--—o €0C oUTPUT
x?gagsct ,,,,, @77 —o SERIAL DATA OUTPUT
F——{(13) sB
v
INPUT 1 | E— MSB
BUFFER INPUT @ ‘BUFFER [ - “% a2
[— e OLLE
3 — e O
F—-—. successive ——(8)8ITs ARALLEL
won seeeo || rmoxivarion| <
REGISTER BIT6 DATA
BUFFER OUTPOUT (29) CONVERTER || [ a7 QUTPUTS
b~ E— OL1]
- [t O L]
— L ~*4® BIT 10
— [ ﬂ~<® BIT 11
INPUT (22)  — O
@ K ————--———J—'
5V AND 10V RANGES
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£ 2340 \COMPARATO" ANlﬁo\:GL'gCK »——- CLOCK OUTPUT
20V RANGE INPUT @ ADC-817 ‘GENERATOR
ANALOG GROUND (26) ) ADC-827 4
@ @ (D
CLOCK START SHORT
RATE CONV. CYCLE
ADJUST
ADC-817, 827
INPUT/OUTPUT CONNECTIONS:
1,100
(27,8 |
PIN FUNCTION PIN FUNCTION
| ] 0.160 (4,1) 1 BIT 120UT (LSB) 17 CLOCK RATE
¥ f 2 8IT110UT 18 REFERENCE OUT
0.150 MIN. (3,8 3 BIT 10 OUT 19 CLOCK OUT
JNS — Sy
0.010 X 0.018 KOVAR 4 BIT9OUT 20 EOC OUT
5 BIT8OUT 21 START CONVERSION
* 1 1.
V. " 7160 6 BIT70UT 22 COMPARATOR IN
' ' 7 BIT60UT 23 BIPOLAR OFFSET
' ' 8 BIT50UT 24 10V INPUT RANGE
. y | 15 spaces 9  BIT40UT 25 20V INPUTR
' 1 |AT0.100°EA. OV INPUT RANGE
' soTTOM ! 2.5 10 BIT 30UT 26 ANALOG GROUND
' VIEW ' 1.700 11 BIT20UT 27 REFERENCE OUT
: : 43.2) 12 BIT 10UT (MSB) 28 +15V POWER
' i 13 BIT 1.0UT (MSB) 29 BUFFER OUT
! ! 14 SHORT CYCLE 30 BUFFER IN
poToNTOP | ! ' 15  DIGITAL GROUND 31 15V POWER
BEFERENCES— 1 ! 321 |——0100 16 +5V POWER 32 SERIAL OUT
0
l.— 0900 |«—0.100
(22,9) 28)

NOTE: PINS HAVE 0.025 INCH STAND OFF FROM CASE

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/ TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340 »
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SPECIFICATIONS, ADC-817, ADC-827
Typical at 25°C, 115V supplies, unless otherwise noted.

TECHNICAL NOTES

MAXIMUM RATINGS ADC-817 ADC-827
PositiveSupply ... ... .. ... ... ... .. +18V
NegativeSupply . . ........... ... ... .. --18V
LogicSupply ......... ... ... +7V
Digitallnputs .................. ... .. +5.5V
Analoginputs ........................ +20V
Buffer Amplifierinput .. ...... ... ... .. +15V

INPUTS
Analog Input Ranges Unipolar ... ... 0 to -5V, 0 to ~10V

Bipolar ..... ... +2.5V, 15V, +10V
Input Impedance 5V Ranges ........ 1 KQ
10VRanges ... .... 2 KQ
20V Ranges ....... 4 KQ
StartConversion .............. ... ... +2V min. to +5.5V max.
Positive Pulse with duration of
50 nsec min.
Logic “1" resets converter
Logic “0” initiates conversion
Loading: 2 TTL loads
Buffer AmplifierGain .......... ... ... +1
Buffer Amplifier Input Voltage . ...... .. +10.0V
Buffer Amplifier input Impedance .. . . .. 100 MQ
Buffer Amplifier Settling Time?' .. ... .. 300 nsec

OUTPUTS
Parallel OQutputData ....... ... ........

SerialQutputData ... ............. . ...

Coding, Unipolar2 ........... .. o
Bipolar3
End of Conversion (EOC)

13 parallel lines (12 binary bits plus MSB)
valid from negative going edge of EOC
pulse to positive going edge of START
CONVERSION puise.

Vout “0” =+0.4V

Vour “17 2=+2.4V

Loading: 4 TTL loads

NRZ format, successive decision pulse
output at internal clock rate

generated during conversion. MSB
appears first.

Loading: 4 TTL loads

Straight Binary

Offset Binary, Two’s Complement?
Conversion Status Signal

Vour “0” <+0.4V for conversion complete
Vour “1"=+2.4V for conversion in progress

ClockOutput ........................ Negative going pulses from +5V to 0V,
gated on during conversion
Loading: 6 TTL loads
PERFORMANCE
Resolution . ... ...... ... ... ... ... .. 12 binary bits4
Nonlinearity ......................... +1/2 LSB max.

Differential Nonlinearity ..............
Diff. Nonlinearity Tempco . ............
GainTempco.........................
Zero Tempco,Unipolar ............. ...
Offset Tempco, Bipolar
Power Supply Rejection . ... ........ ...

Conversion Time Over Full Temp. . .

+1/2 LSB max.

+5 ppm/° C max.

+25 ppm/°® C max.

+150 puV/° C max.

+15 ppm of FSR/° C max.5
+0.01%/% Supply, max.

2.0 usec max. | 3.0 usec max.

POWER REQUIREMENT

Supply Voltage . ............... .. +16V £0.5V @ 50 mA max. .
=15V +0.5V @ 25mA max.
+ 5V £0.25V @ 150 mA max.
Power Dissipation .......... . .. 1.9 W max.
PHYSICAL-ENVIRONMENTAL
Operating Temp. Range, BMC .. . .. 0°Cto +70°C

BMR .....
BMM ... ..
Storage Temp.Range ... ..............
PackageType ........................
Pins ....... ... ...l
Weight ... ... ... ... ...

—25°C to +85°C

—565°C to +125°C

—65°C to +125°C

32 pin hermetically sealed ceramic DIP
0.010 X 0.018 inch Kovar

0.42 oz. (12g)

NOTES: 1. 10V step to 0.01%. 5V and 20V steps settle to 0.01% in 150 nsec and 800 nsec, respectively.
2. These converters operate with inverted analog, thatis— FS. t1LSBisencoded as 11111111 1111
and 4 F.S. is encoded as 0000 0000 0000 (examples given are for offset binary coding).
3. Parallel output data only js available in offset binary (uses MSB out) or two's complement coding (uses MSB out).
4. May be reduced by connection of short cycle input as shown in the Short Cycle Operation table.

5. FSRis Full Scale Range

1. The high operating speed of these con-
verters requires that good high frequency
board layout techniques be used. Leads
from data outputs should be kept as short
as possible, output leads longer than 1inch
(2.5 cm) require the use of an output regis-
ter. Ground loop problems are avoided by
connecting all grounds on the board to the
ground plane.

2. Analog input leads should be as short and
direct as possible. The use of shielded ca-
ble asan analog inputlead will ensureisola-
tion of analog signals from environmental
interference.

3. When the input buffer amplifier is used, a
delay equal to its settling time must be al-
lowed between input level change, such as
multiplexer channel change, and the nega-
tive going edge of the START CONVER-
SION pulise. If the buffer is not required its
input (pin 30) should be tied to analog
ground (pin 26). This will prevent the un-
used amplifier from introducing noise into
the converter. For applications in which the
internal buffer is not used, the converter
must be driven from a source with an ex-
tremely low input impedance.

4. Both analog and digital supplies should be
bypassed to ground with 1 uF electrolytic
capacitors in parallel with 0.1 uF ceramic
capacitors as shown in the connections
diagrams. Bypass capacitors should be lo-
cated directly adjacent to, or on, each sup-
ply pin. The =10V reference output (pin 18)
should be bypassed to ground with a 2.2 uF
electrolytic capacitor mounted as pre-
viously indicated.

5. In the bipolar mode, two’s complement’@_—
put coding is available by using the MSB
output (pin 13); offset binary coding is ob-
tained by using the MSB output (pin 12).

_ Unipolar operation requires use of the MSB
output (pin 12) to achieve straight binary
output coding.

. Serial output data is available at pin 32 in
standard NRZ format with the MSB ap-
pearing first. Coding is straight binary for
unipolar operation or offset binary for bipo-
lar operation. Synchronization of serial out-
put data is achieved by use of the clock out-
put (pin 19). Each data bit is valid when the
clock output is HIGH, and appears in suc-
cession from the MSB at the second clock
LOW to HIGH transition to the LSB at the
thirteenth clock LOW to HIGH transition.

7. Applications of these converters that re-
quire the use of a sample-hold may be satis-
fied by Datel-Intersil's model SHM-6, a
high-speed hybrid unit featuring 1.0 usec
acquisition time, 0.01% accuracy, program-
mable gains from +1to +10 and a £10V out-
put range.

. These converters have a maximum power
dissipation of 2.4W. The case-to-ambient
thermal resistance for this package is ap-
proximately 28° C per watt. For operation in
ambient temperatures exceeding 70°C,
care must be taken to ensure free air circu-
lation in the vicinity of the converter.

9. Clock rate control (pin 17) is left uncon-
nected for operation at rated conversion
speed. Connect to +5V to decrease conver-
sion time by 50-75 nsec, or to ground to in-
crease conversion time by 50-75 nsec.

o

[e-]

87C




APPLICATIONS

START

CcLocK

HI
. SERIAL DATA
QUTPUT w0
H
BIT 1(MS8) SSSSE] I
out Lo
AN
out w

OQUTPUT: 10°

10000000001

TIMING DIAGRAM FOR ADC-817, ADC-827

Hi
:l__]—— 50 NSEC. MIN., 100 NSEC. MAX.
CONVERT 10

T

f=—— 40 NSEC. TYP.

T
; )
T
e l:m : I I ! I l | [ l I i l I I !
outrUT 10 | LNSEC ]

BIT 2

BIT 8 (LSB)
out

Hi

l l__“l 1 '
BIT1 8iT2 BIT3 BIT4, : BITS :

t . ' i N ! 1
BiTe : BIT7 ! BIT8 ; BIT9 LBIHDJI BIT 11 Bn‘tzl'

oA

LI

CON;‘:::ES‘ON ADC-817 ADC-827
! Ty= 2.04SEC. MAX, | 3.04SEC. MAX.
OUTPUT CODING
SHORT CYCLE OPERATION
UNIPOLAR ANALOG INPUT STRAIGHT BINARY
SCALE |0to —10VRANGE |0to -5VRANGE | OUTPUT CODE -
FS+1LSB|  -9.9976V ~4.9988V M1 1 1n CONNECTION CONVERSION TIME
-7 FS ~8.7500V ~4.3750V 1110 - 0000 0000
~ 3, FS —7.5000V ~3.7500V 1100 0000 0000 RES. (BITS) | PIN 14 TO ADC-817 ADC-827
— 1, FS ~5.0000V ~2.5000V 1000 0000 0000
-V FS ~2.5000V ~1.2500V 0100 0000 * 0000 1 PIN 11 300 nsec 462 nsec
1" LsB -0.0024V ~0.0012V 0000 0000 ~ 0001 2 PIN-10 462 nsec 693 nsec
0 0.0000V 0.0000V 0000 0000 0000 3 PIN 9 615 nsec 923 nsec
’ 4 PIN 8 770 nsec 1.15 usec
5 PIN7 923 nsec 1.38 usec
’ DATA OUTPUT CODING PIN 6 1.07 usec 1.62 usec
BIPOLAR ANALOG INPUT I OFFSET TWO's s PIN 5 ) 23”;0 185 'usec
SCALE |*10VRANGE 75V RANGE 2.5V RANGE| BINARY  COMPLEMENT PIN 4 ) 1'38“ . 208 ”S
TFS+1LSB| —9.9951V | —4.9976V | —2.4988V [1111 1111 1111]0111 1111 1111 8 -8 usé 531 usec
~ 1L FS -45000¢ | -2.5000V | —1.2500V |1100 0000 0000|0100 0000 0000 9 PIN 3 1.54 psec -31 usec
-11.SB ~0.0049V ~0.0024V | —0.0012v " {1000 0000 0001/0000 0000 0001 10 PIN 2 1.69 usec 2.54 psec
0 0.0000V 0.0000V 0.0000V  |1000 0000 0000|0000 0000 0000 11 PIN 1 1.85 usec 2.77 usec
+1LSB +0.0049V +0.0024V | +0.0012v  [0000 0000 0001{1000 0000 0001
+ 1, FS +4.5000V +2.5000V | +1.2500V . {0100 0000 0000} 1100 0000 0000 12 NC 20 _usec 3.0 wsec
+FS—1LSB| +9.9951V +4.9976V | +2.4988V |0000 0000 0001|1000 0000 0001
+FS +10.0000v | +5.0000v | +2.5000v 0000 0600 0000|1000 0000 0000
HIGH SPEED THREE-STATE OUTPUT BUFFER
ORDERING INFORMATION [
LESS THAN 1
g MSB OUT
MODEL OPERATING TEMP.  PRICE 2 As Yoo wsour
RANGE (1-24) 4 p ] —
9 A2 DM8095 v
ADC-817MC 0to+70° C $295.00 8 A6 Y6 ——0
ADC-817MR ~25 to +85° C $325.00 [ P m v |———o arsour
ADC-817MM —55to +125° C $365.00 &
ASH7 + o OUTPUT
ADC.827 ENABLE
ADC-827TMC 0to+70°C $195.00 o pRTTOuT M S vl o airour
ADC-827MR ~251t0 +85°C $225.00 5 A3 ¥3 f———o0
ADC-827TMM ~55 to +125°C $275.00 4 A5 weoss o2
3 A2 Y2 p————0
: 2 A6 Y6 p——o
1 Al Y1 p———0 LSB OUT
Mating Socket: DILS-2 (2 Required Lse our
Per Converter) $ 6.00 /Pr e
. *FOR TWO'S COMPLEMENT QUTPUT CODING THIS CONNECTION IS PIN 13 (MSB)
h AFTER 27 NSEC MAXIMUM
Trimming Potentiometer: TP-100 $ 350 . /A PEOANCE STATE —] | DELAOUTRUTS GOTO
© OUTPUT ENABLE
B CONTROL
THESE CONVERTERS ARE COVERED BY GSA CONTRACT e e sec
gﬁl#ugsb«ﬂ\ APPEARS AT

88C




CONNECTIONS AND CALIBRATION

UNIPOLAR BIPOLAR
OPERATION OPERATION
+15V. -15V  +5V
|Ju‘F WwF uf -‘1 E e
m WE | u
D W )‘1‘{‘ ) 1w @ " 31 16 D
(z6) 29 ) (6 @) ®SSror
@ @ %%Y @ SERIAL DATA
R @) (@) SERIAL DATA CONNECTION ouTPuT
2?;“,'3'.:51%'0" ou TABLE BELOW (@
TABLE BELOW @) D)Mss
@ LI
J0)BIT3
. 9)BIT4
(30) ADC-817 8)BITS PARALLEL
(@) ADC817 -PARALLEL oGz Date Sy
ADC-827 o uts 6)BIT7
@) 5)8IT8
@) Dairs
1000 BIT 10
I INPUT CONNECTIONS Aot oo
ADJUST
INPUT WITH INPUT BUFFER WITHOUT INPUT BUFFER )
VOLTAGE [ INPUT | CONNECT THESE | INPUT | CONNECT THESE iy 2.2uF ®
__{:'z 2uF RANGE PIN PINS TOGETHER PIN | PINS TOGETHER [@z0c
: 0to-5V 30 | 291024 | 221025 | 24 | 221025 | 30t026 2)
0to-10V 30 29to 24 - 24 — 30 to 26 CLOCK  START
@ncn s@w 225V 30 |20t024 | 221025 | 24 | 221025 | 30t026 v st COWET
= a3 RAE  CONVERT +5V 0 |29t024 - 24 - 30 to 26
- Al 10V 30 | 29t025 - 25 — 301026 aPOLAR SFFseT
25K0) ADJUST
CALIBRATION PROCEDURE
1. Connect the converter as shown in the applicable CALIBRATION TABLE GROUND PLANE
connections diagram. A trigger pulse of between
50 nsec and 1002r:sec is applie;ﬁ;&;r:&starl conver- LAYOUT
sion input (pin 21) at a rate of z.
2. Zero and Offset Adjustments UNIPOLAR
Apply a precision voltage reference source be- RANGE ADJUST. |INPUT VOLTAGE
tween the appropriate input for the selected full r.\
scale range and ground. Adjust the output oétrlae 0 TO -5V ZERO —0.6 mV '
reference source to the value shown in the Cali- . ]
bration Table for the unip?'lar zero adjustmeg(s(o GAIN 4.9982V )
—1/2 LSB) or the bipolar offset adjustment (+FS - [
LSB). Adjust lheh applopnated trimming poten- 0TO -10V ZERO -1.2mV ]
tiometer so that the output code flickers equally -9. ]
between X000 0000 0000 azd o 00 0000 0hOO1 The GAIN 9.9963V ac‘v/‘:'ETV?IM ]
MSB, indicated by X, will be 0 for straight binary '
and offset binary output coding, or 1 for two's BIPOLAR RANGE hg
complement output coding. +2 .5V OFFSET +2.4994V ’:}
3. Full Scale Adjustment s '
Set the output of the voltage re'erev(r:ce source GAIN 2.4982v DOT ON TOP '
used in step 2to the value shown in the Calibration EFERENCES [
Table for the unipolar or bipolar gain adjustment +5V OFFSET +4.9988V ?m? g 320)
(-F.8. +1Y, LSB). Adjust the gain trimming poten- GAIN —4.9963V
tiometer so that the output c)r()1de ﬂick;ars egu_?lly
between X111 1111 1111 and X111 1111 1110. The +
MSB, indicated by X, will be 1 for straight binary *1ov OFFSET +9.9976V
and offset binary output coding, or 0 for two's GAIN -9.9927V
complement output coding.
e
ULTRA-FAST A/D WITH SAMPLE HOLD arouan r‘h‘{ H—L
OFFSET Gan e | e
owsr Ll Wl I
B - ”TL(L*“ *
v Te=s{ e,
} ® ® 6
PRECISION e (@) oroc
voge REGULATOR Lo - - semaomour
) S —m -
aurrEn ] =
o 1 successwe |-t
s s o B
(J: :%} Ol ‘(L ) P I T N < S
— po — v
‘.Esrswm bevices @ < Hin speep oaic
x - Eoeanaion oo i@
= > ‘[_@ - oz i
= 0] ?
stanr
Conversion
When the ADC-817 or ADC-827 is configured as shown here with Datel-Intersi’'s SHM-6 hybrid sample-hold, a 10V input step can be
acquired to 0.01% accuracy in 1 usec and held to within 20 4V while the A/D conversion takes place. The SHM-6 can also be configured
for inverting operation for applications with positive unipolar analog signals. Use of the SHM-6 reduces the time over which the input
signal is averaged to a few nanoseconds (an A/D converter used without a samplehold averages the analog input signal over the total
conversion time of the A/D).

Printed in U.S.A. Copyright © 1980 Datel-intersil, Inc. All rights reserved.
m 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana. (714)835-2751, (L.A.} (213)933-7256 e Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490
b, "muL o Houston, (713)781-8886 e Dallas. TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL. ANDOVER (0264)51055
o DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95 « DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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=/ATE RS Fast, Dual-Slope
> JINTERSIL Analog-to-Dlgltal Converters
ADC-E Series

FEATURES

e Differential or Single Ended
Inputs

¢ Binary or BCD Coding

¢ Resolutions to 12 Bits or 32 Digits

¢ 6 Input Ranges Available

e 100 Megohms Input Impedance

o 80 dB Common Mode Rejection

GENERAL DESCRIPTION

The ADC-E series devices are low cost,
high accuracy analog-to-digital converters
featuring differential inputs, high linearity
and excellent noise immunity. These
converters utilize 'a modified dual-slope
conversion technique ideally suited for
converting analog voltage levels such as
transducer outputs at moderate speed.
Models are available in 8, 10 and 12 binary
bit resolutions with sign magnitude binary
output coding, or in 2% or 3% BCD digit
resolution with sign- magmtude BCD output
coding.

POWER GNO

ANALOG (3
INPUT (HIGH

SIGNAL
conDITIONING [

D 8ot

3) 100

4) %0

8) a0

8) 20

7) 10

2 © OIGITAL
o

. . . " ‘COUNTER/
These converters employ a differential o - RRGATSR g e [

input amplifier, resulting in high input
impedance and excellent common mode
input characteristics for the measurement
of floating differential signals. The dual-
slope integrator yields high accuracy and
linearity, integrating out spikes and noise
that may degrade the accuracy of mea-
surement. Performance is further enhanced
through the use of a precision, temperature
compensated reference source. Each
converter also contains a clock generator,
counter/output register and the necessary
control logic circuitry to interface with

ANALOG
Group (X

PRECISION
TEMPERATURE
COMPENSATED
REFERENCE.

£5. ADJUST ()

0 —
CONTROL

START
CONVERSION

1) 10
12) 8

Loaic l
TRIGGER OUT (2

1) 4
1) 2
OXl

2) DIGITAL
GROUND

¥

INTERNAL
TRIGGER

TRIGGER &
RATE A

foor
:D 'CONVERSION
WremAL
iy

NOTE: PINS 16 and 20 MUST BE CONNECTED EXTERNALLY.

MODEL ADC-£120 SHOWN

f MECHANICAL DIMENSIONS INPUT/OUTPUT
DTL/TTL logic levels.
/TTL logic levels. . INCHES (MM) CONNECTIONS
Data output format is either sign-magnitude
binary or sign-magnitude BCD output code. FUNCTION
f . PIN 88 | K5 [ w28 8o | 120
Conversion data appears at the outputs in | P, ﬁ{ END OF CORVERSION
parallel form and is valid from the time that ‘ SIGN OUTPUT
. N T BIT 1 OUT IT 10U BIT 1 OUT | 100 1000
the end of conversion output goes low until l socuaw | s = T — a0
. . 5 — 1T 3 OU - — | 400
the pext start conversion command is o oms [_zomnee 6 | Brzout [ erm4ouT| BT 2007 200
received. ' 7 | BIT30UT [ BIT50UT| BT30UT | — | 100
— - IT 4 OUT | 80 8
Analog input ranges available in this series - = = DRTTLA X R
are, 1V, £5V and *10V for the binary $V T '$ 1 i — — T7out [10_ | 10
i - 7 SPACES 12 IT 4 OU 1T 6 OU IT8OUT |8 8
version, apd +2V, 210V and 20V for the : Hpe 2 o e o
BCD version. H St 14 IT 6 OUT | BIT 8 OUT | BIT 10 0UT| 2 2
2000 1 IT 7 OUT | BIT 9 OU IT 11 OUT| 1 1
These converters are compact, fully 8 $ o 8 1 DIGITAL GROUND
i 4 ® | 7smaces 1 +5V POWER IN
encapsulated modules suitable for P.C. s HEE i 15V POWER IN
board mounting. Each is a functionally € "1 - 2 v POn N
complete unit, requiring only external D.C. | o T ¢ 21 START CONVERSION INPUT
power for operation over a temperature [ b =" =  NGRER FATE ABIT
range Of 00 C to +7o° C EXtended operatlng ?OJFE!NWTSB(SAGNAYE PINS OMITTED FROM ALL ADC-E MODELS. 4 TRIGGER RATE ADJUST
i 2.0.100 INCH 9 FULL SCALE ADJUST
temperature range versions are also 0 ANALOG GROUND
i 1 ANALOG INPUT (LOW)
available. 2 ANALOG INPUT (HIGH)

NOTE: Pins with no function designated are not present on that model.

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, ADC-E SERIES
(Typical at 25°C, =15 VDC and +5 VDC supplies, unless otherwise noted)

TECHNICAL NOTES

ADC-E8B/ ADC-E8D/
10B/128 E12D.
(Binary) | (8CD) 1. Conversion time is comprised of integration time
and encoding time. Itis measured fomthe positive
MAXIMUM RATINGS edge of the start conversion pulseto the negative
Analog Supply Voltage .............. *16VDC going edge of the end of conversion pulse. This
Logic Supply Voltage ............... +7 VvDC includes start conversion pulse width, analog
Analog Input Voltage ............... +15 VvDC input integration time and encoding time. Since
encoding time varies with analog input level, this
time period varies as a result. A maximum value is
INPUTS given to allow reliable timing of full scale
Analog Input Range, 1V +2V? conversions.
Difterential Type, Suffix 2 Models' .. +5vV +10Vv?
Single Ended, Suffix 3 Models . ..... +10V i +20Vv? 2. The analog input signal is integrated over a known
Sutfix 4 Models ... .. 100 Meg Typ time period for the beginning of the start
Input Impedance, Suffix 2 Models ... 10K typ. conversion pulse until the end of the counter
Suffix 3, 4 Models . 250 nA typ, 500 nA max. ramp-up time. The counter ramp-up is used to
Input Bias Current .................. +5V7 provide a fixed time period for integration.
Common Mode Voltage ............. 80 dB
Common Mode Rejection, DC to 60 Hz | +2.4V min to +5V max. Positive Pulse, | 3 gncodingtime is the time required for the counters
External Start Conversion ........... 100 nsec to 1 usec wide, with maximum to sequence to the value of the input signal that
rise and fall times of 500 nsec. has been acquired during the integration period.
Positive going edge resets converter Since the counters sequence from zero to full
register and initiates conversion. scale, encoding time varies directly with the
Loading: 1 TTL LOAD absolute value of the converter scale of the input,
i.e., encoding time is > of maximum value for £%
OUTPUTS B . full scale inputs.
Output Data ...cooooveeiieiinn, 8/10/12 Parallel Lines 10/14 Parallel Lines
Output Data Logic Levels ............ Vour (“0")<+0.4V 4. External start conversion pulse width should not
Vour (“1")=+2.4V be less than 100 nsec in order to insure resetting
Loading: 6 TTL LOADS of the counters. Pulse widths over 1 usec. will
g o introduce an error due to their effect on integration
Sign ... Logic “1" for Positive Inputs time.
Overrrange ...............cccovveennn Logic “1" for * Input > Full Scale
OutputCoding ..................... Sign-Mag. Binary Sign-Mag. BCD o
End of Conversion (E.O.C.).......... Vour (“0")<+0.4V, Conversion Complete 5. For applications of these converters under
Vour (“1")=+2.4V, Conversion in Progress external control, the end of conversion pulse may
Loading: 8 TTL ‘LOADS be used to trigger output data transfer and system
: initiation of the next start conversion pulse.
PERFORMANCE )
Resolution® ......................... 8,10, 12 Bin. Bits 2%, 3% BCD Digits 6. Output data is valid from the negative going edge
Linearity Error ...................... +% LSB max. of the end of conversion pulse until the positive
No Missing Codes .................. Over Operating Temp. Range going edge of the next start conversion pulse.
GainTempco....................... +50 ppm/°C max.
Long Term Stability . ................ +0.1%/Year, min. . ;
Input Integration Time® ... .......... 8 bits, 103 usec 2V digits, 160 usec | | POWEr SUPPly inputs are internally bypassed.
10 bits, 410 usec 3% digits, 1.60 usec
12 bits, 1.64 msec 8. Due to the integration period used in the dual-
Conversion Time, max.5 ............. 8 bits, 314 usec 2 digits, 478 usec slope conversion technigue, input noise is
: 10 bits, 1.24 msec 3" digits, 4.79 msec attenuated. Attenuation of input noise with a
- 12 bits, 4.9 msec ' period equal to an integer multiple of the
Conversion Rate, max.5.............. 8 bits, 3.2 KHz 2, digits, 2 KHz integration period is effectively infinite.
10 bits, 800 Hz 3% digits, 200 Hz
12 bits, 200 Hz
POWER REQUIREMENT ' NOTES:
Analog Supply ........ e +15V +0.5 VDC @ 50 mA max. 1. Bias current ground return required for
‘ ~15V £0.5 VDC @ 50 mA max. differential input.
Digital Supply ...................... +5V £0.25 VDC @ 150 mA max. 2. Includes 100% overange.
3. For bipolar inputs.
4. Conversion data valid when E.O.C. is low,
PHYSICAL-ENVIRONMENTAL remains valid until positive going edge of next
Operating Temperature Range... .. ... 0°C to +70°C conversion command.
Storage Temperature Range . ........ —55°C to +85°C 5. Full scale input signal and 1 usec start
Relative Humidity ................... Up to 100% Non-condensing conversion pulsewidth. Refer.to Technical
Case Material . ...................... Black Diallyl Phthalate per MIL-M-14 Note 1.
CaseSlze ..............ccovvvin... 4 X 2 X 0.4 inches 6. For 1 usec start conversion pulse width. See
(101,6 X 50,8 X 10,2 mm) . Technical Note 2.
‘PNInls .h.' .............................. ,4020 F:?Lind, Gold Plated,0.250" Long min. | 7 the algebraic sum of both input voltage and
eight ........ ... il oz. ( ‘ g) common mode voltage must not exceed
+5V max.
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APPLICATIONS INFORMATION

ADC-E TIMING DIAGRAM

at ’. 5100 nsec
COUNTERS RESET
HI Pl
1uSEC MAX
INTEGRATION BEGINS —»f 100nsec min
START
CONVERSION  LO

[ INPUTTOOUTPUT TIvE -——-I
5
*sec ™

HI

|
|
END OF |
CONVERSION  LO ; ‘ -
i I |
! i\
HI I \ !
i ]
1 |
SIGN | i
BT 10 CONVERSION DATA
T |+—————— OUTPUTS COUNTING ————\ LATCHED AND —>fe— COUNTERS RESET 50-100nSEC
le—1.6uSEC— 164 164 1 VALID AFTER LEADING EDGE OF NEXT
" H SEC SEC | START CONVERSION PULSE
! I
1
LS8 \ !
BTN 1O — \ ]

324 |, 32p
SEC SEC

e HE |

}-— 6.4,SEC _.l

H ————Jf 3 l—__-
L0 |—-—-\
NOTE: OUTPUT COUNTING SEQUENCE SHOWN FOR BINARY VERSION.

INTERNAL/EXTERNAL TRIGGERING

e

BITIN-2)

\ EXTERNAL TRIGGERING INTERNAL TRIGGERING
ADC-E ADC-E
D@

NOTE: USE PIN 16 FOR
DIGITAL GROUND

N.C.

TO EXTERNAL

TRIGGER SOURCE

INTERNAL/EXTERNAL TRIGGERING

All ADC-E mudels include an internal clock for self triggering of the
unit at approximately its maximum allowed rate, depending on the
output register word length. The internal trigger circuit output when

ST

»9 3%

0.1uF

TO DECREASE TRIGGERING
RATE CONNECT CAPACITOR
ACROSS PINS 23 AND 24

TO INCREASE TRIGGERING

externally connected to the start conversion input, generates a main R RATE PIN 23 1S CONNECTED
reset pulse which initiates a conversion, gates the clocked pulse train TO + 15 VDC THROUGH R>22K
and sets up the sign polarity. The rate of the internal trigger can be PIN 24 IS UNUSED.

reduced, if desired, with an external capacitor connected across pins

23-24, identified “Internal trigger rate adjust”. When connected as +15VDC

directed, the external capacitor is in parallel with a 0.1 uF internal
timing capacitor. Addition of a 0.1 uF external capacitor halves the
rate of the internal trigger.

The rate of the internal trigger can be increased by connecting a
resistor of greater than 22KQ from pin 23 to + 15 VDC

When an external start conversion pulse is provided for system
synchronization, the internal trigger output (Pin 22) is not connected
and the internal clock should be disabled by connecting a shorting

lead between pins 23 and 24. External start conversion pulses can be
applied at up to the maximum conversion rate as defined in the
specifications, or may be applied discretely when the end of
conversion output goes low. Start conversion pulses should be of as
short a duration as possible while still yielding reliable operation, i.e.,
approximately 150 nsec. This will insure maximum converter accuracy
during the analog input integration period.

ORDERING INFORMATION

CONNECTIONS DIAGRAM

MODEL DESCRIPTION L FULLSCAE
ADC-E8B*. 8 Binary Bits * ADJUST
ADC-E10B%. 10 Binary Bits
ADC-E12B*. 12 Binary Bits
ADC-E8D~. 2% Digit BDC 1000 ;‘11
ADC-E12D*_ 3% Digit BDC 8 3 @) SIGN OUTPUT
2
*FULL SCALE ANALOG INPUT RANGE AND TYPE A o——) wsB
2= +1V Differential Inputs O‘——i’
guwll:g::))(ELs 3 = +5V Single Ended Inputs AN T o @) l: DIGITAL :
4 = +10V Single Ended Inputs ADCE 8XTTXUT |
- 2 = 0V Differential | CONNECT FOR i H
D MODELS T ifferential Inputs SINGLE-ENDED @) O~‘~—"
SUFFIX 3 = £10V Single Ended Inputs INPUTS s
) 4 = +20V Single Ended Inputs ONLY
ENDOF
DILS-2 Mating Socket, 2 Req'd Per Module @) CONVERSIO
TP100 Trimming Potentiometer, 1002
For extended temperature range operation, the following suffix is *
added to the model number. Consult factory for price and delivery. | O =77~
cofiEiTon EENAL AL avocen

—EX —25°C to +85°C operation
THESE CONVERTERS ARE COVERED BY GSA
CONTRACT

INPUT OUTPUT RATE ADJUST

%*NOTE: SEE "INTERNAL/EXTERNAL TRIGGERING”
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CODING AND CALIBRATION

CODING TABLES ADC-E12B
SIGN MAGNITUDE
PUT BINARY
ANALOG INPU OUTPUT CODE
ADC-E12D SCALE vV 5V 10V |SIGN
RANGE | RANGE | RANGE | BIT MSB  LSB
333&%‘53&" +F.S-1LSB | +9.9951V | +4.9976V | +9.9952v [EEEESEREREE
ANALOG INPUT +VF.S. +0.5000V | +2.5000V| +5.000V 110000000000
SCALE BCD OUTPUT CODE +1LSB +0.49mV | +2.44mV | +4.880V 100000000001
+20V 10V +2V +0 0.0000V | 0.0000V | 0.0000V 100000000000
RANGE | RANGE | RANGE | SIGN -0 0.0000v | 0.0000V | 0.0000V 0 00000000000
+FS-1LSD | +19.990V | +9.995V | +1999v |1 1 1001 1001 1001 A SodomV | BV | A8 1 O 9o000aaa00s
+1F.S. +10.000V | +5.000v | +1.000V |1 1 0000 0000 0000 £ Lse | —990aiv |~ 3976v| —o.9952v 0 11111111111
+1 LSD +0.010V | +0.005V | +0.001V |1 0 0000 0000 0001 - : :
+0 +0.000V | +0.000V | +0.000V |1 0 0000 0000 0000
-0 ~0.000V | —0.000vV |-0.000vV |0 0 0000 0000 0000
-1 LSD ~0.010V | —0.005V |-0.001vV |0 0 0000 0000 0001
—%FS. ~10.000V | ~5.000v | ~1.000v |0 1 0000 0000 0000 ADC-E10B
~FS.+1 LSD | ~19.990v | —9.995V | -1.999V |0 1 1001 1001 1001
SIGN MAGNITUDE
ANALOG INPUT BINARY
SCALE OUTPUT CODE
1V +5V 10V SIGN
RANGE | RANGE | RANGE | BIT MSB LSB
+F.S-1 LSB | +0.9980V | +4.9902v] +9.9805V IEEEEEEEEE]
+%F.S +0.5000V | +2.5000V | +5.0000V 1100000000
+1 LSB +20mv | +9.7mv | +19.5mV 1000000001
+0 0.0000 | 0.0000 | 0.0000 1 ogooooggo
-0 0.0000 | 0.0000 | 0.0000 0 000000000
ADC-E8D -1 LSB —20mV | =9.7mv | —19.5mv 0 000000001
-%FS —0.5000V |-2.5000V | —2.5000V 0 100000000
2" DIGIT SIGN ~-FS+1 LSB | -0.9980V | -4.9902v | -9 9805V 0 111111111
MAGNITUDE
SCALE ANALOG INPUT BDC OUTPUT CODE
+20V 10V +2V
RANGE | RANGE |RANGE [siGN ADC-E8B
+FS-1LSD +19.9 | +9.95V | +1.99v 11 1001 1001
+%F.S +100v | +5.00v | +1.00V 11 0000 0000 SIGN MAGNITUDE
+1 LSD +01V | +005v | +001V 1.0 0000 0001 ANALOG INPUT BINARY
+0 +0.0v | +0oov | +0.00v 1.0 0000 0000 OUTPUT CODE
-0 -0.0v | ~0.00V | —0.00V 0 0 0000 0000 SCALE v 5V v |siGN
Ay | ey 90t ]9 9 0000 000! RANGE | RANGE | RANGE |BIT MSB  LsB
~1F. -100v | 500V [ —1.00vV 0 1 0000 O
~FS+1LSD | -199v | —9.95v | -1.99v 01 1001 188? +F.S~1LSB | +0.9922v ] +4.9609v} +9.9219v IEEEEEER
+%FS. +0.5000V |+2.5000V | +5.0000V 11000000
+1 LSB +78mv | +39.1mv | +78.1mV 10000001
+0° 0.0000V | 0.0000V | 0.0000V 10000000
) 0.0000v | 0.0000V | 0.0000V 0 0000000
-1LSB -78mV |-39.1mV | -781mVv 0 0000001
~%FS ~0.5000V | -2.5000V | ~5.0000V 0 1000000
~FS+1 LSB |-0.9922V |-4.9609V | -9.9219V 0 1111111
CALIBRATION PROCEDURE
ADJUSTMENT CONNECTIONS
FULL SCALE
+5V+ 15V A DJUST -15v
100&2
17
ANALOGIN EOC
PREgIgION ( ) SIGN > kRAFm,
VOLTAGE  |ANALOG GND ADC-E 2 MsB AND
URCE @ <> -
DIGITAL I DRIVER
! OUTPUTS ' CIRCUITS
@ @ Lss
HIGH
PULSE
GENERATOR LOW :
CALIBRATION PROCEDURE . . 4. Set the precision DC voltage source to + F.S. -1 LSB value shc‘»wn
1. Connect the converter as shown in the adjustment connection in the coding table for the ADC-E model and range under
diagram. adjustment.
2. Allow !5. minutes after applying power for temperature 5. The lamp array displays the conversion result when the EOC
stabilization. indicator lamp is out. Adjust the Full Scale Adjustment
3. Set pulse generator to supply a positive pulse of 150 nsec duration potentiometer so that the output code for + F.S. -1 LSB shown in
at a repetition rate of 172 of maximum conversion rate. the applicable coding table is observed.
Printed in U.S.A. Copyright © 1979 Datel-Intersil, Inc. All rights reserved
ml l 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A ) (213)933-7256 » Sunnyvale, CA (408)733-2424 » Gaithersburg, MD (301)840-9490
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FEATURES
o 8 Bit Resolution
e 4.0 & 2.0 usec. Conversion Time
* Unipolar or Bipolar Operation
o Parallel & Serial Outputs
* | ow Cost

GENERAL DESCRIPTION

The model ADC-EHS8B is a fast, 8 bit
successive approximation type analog to
digital converter in a compact
2x2x.375 inch module. These con-
verters are low cost devices with applica-
tion in pulse code modulation systems
and instrumentation and control sys-
tems requiring fast data conversion rates
up to 500,000 per second. There are
two models to choose from based on
conversion speed: ADC-EH8B1 with a
conversion time of 4.0 usec. (250 kHz
rate), and ADC-EH8B2 with a conver-
sion time of 2.0 usec. (500kHz rate).
The high speed in a small size is made
possible by the use of an MSI integrated
circuit which provides all the necessary
successive approximation logic, along
with other new integrated circuit com-
ponents. The analog input range is
either unipolar 0 to +10V or bipolar-5V
to +5V, determined by external pin
connection. For unipolar operation no
external adjustments are necessary; for
bipolar operation only a bipolar offset
adjustment must be made externally.
Parallel output coding is straight binary
for unipolar operation and offset binary
or two’s complement for bipolar opera-
tion. A serial output gives successive
decision pulses in NRZ format with
straight or offset binary coding. Other
outputs are clock output for synchroni-
zation with serial data, and I\moutput
for two’s complement coding.

Other specifications include full scale
temperature coefficient of 50 ppm/°C
max., long term stability of .05%/year,
and linearity of £1/2 LSB. Power re-
quirement is +15VDC and +5VDC.

=TI
INTERSIL

Fast,

8 Bit
Analog-to-Digital
Converters
Model ADC-EHS8B

D

IRERSIL

HIGH SPEED

| A/D CONVERTER

.

| ADC-EH8B2

MADEN U S A

+5VDC +15VDC - 15VDC PWR GROUND

PRECISION
ANALOG REFERENCE
GROUND
5770 = I
ANALOG 3.9K
NPUT | I D/A CONVERTER
BIPOLAR BIPOLAR
OFFSET OFFSET
COMPARATOR ] 7 (ES(T)(/:\TUS)
START = PROGRAMMER/
CONVERT REGISTER SERIAL
2) DATA
ouT
cLock ' ‘
1 J
L
13 456@@91\\2
CLocK BITNO.T 1 2 3 4 5 6 7 8
ouT o
WVISE MsB Ls8
N J
~

PARALLEL DATA OUT

MECHANICAL DIMENSIONS

[ 2.000 )
l (50, 8)
SIDE VIEW 376 (9,5)
"U" .020 DIA 1/0 PINS U -250 MIN. (6,4)
(0,5) ‘
2.000 (50, 8)
©® 17 e e 1.850
® 18 2 e }
® 19 3@
0 < ® | 7SPACES
*n 5 @
° ce AT .100 EACH
o g i
020 mmm e s e 1.150
BOTTOM VIEW t
OB e e ) 850
g ° : 4SPACES
° 12 @ | AT 100 EACH
o [ERY 450
o o ;
Ll o .250
@ e e o 6 O 150
o

NOTES

(45,7)

1. Open dots designate omitted pins.
2. 0.100 inch = 2.5 mm, 0.150 inch = 3.8 mm.

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION
1 E.O.C. (STATUS)
2 SERIAL DATA OUTPUT
3 START CONVERT
4 BIT 1 OUT (MSB)
5 BIT 1 OUT (MSB)
6 BIT 2 0UT
7 BIT 3 OUT
8 BIT 4 OUT
9 BIT 5 OUT

10 BIT 6 OUT

11 BIT 7 OUT

12 BIT 8 OUT (LSB)

13 CLOCK OUT

17 +5V POWER IN

18 +15V POWER IN

19 —-15V POWER IN

20 POWER GROUND

21 BIPOLAR OFFSET

31 ANALOG GROUND

32 ANALOG INPUT

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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SPECIFICATIONS, ADC-EH8B TIMING DIAGRAM FOR ADC-EH8B  Output: 10101010
(Typical at 25°C, +15V & +5V Supplies, unless otherwise indicated) | /S

sat S L e
INPUTS o o o
Analog Input Range ................ OV to +10V FS or :5V FS a1 [l B Jeanaccer -
Input Impedance.... .. 4.45K ohms 50 ohms ! ?
i

-—-*-—r—
13 g
3
3
z
8
s
<
3
°c
o

Input Overvoltage.. +20V (no damage) oy e et 20
1

Start Conversion...........ceeeeeeae 2V min. to 5.5V max. positive pulse with du- oo [ i H . I '
ration of 100 nsec. min. Rise and fall times out L__Y :‘ ’:—'2
<50 ns. —_— g 0

e

Logic 1" resets converter SERIAL | = | 250520 0 i :'-—ﬁa nsec. typ
PP S s . paTA M p——————h e ety e e e 1
Logic 0" initiates conversion our H :
Loading: 1 TTL load —_ |
' I
i
OUTPUTS a : '
Paralfel Output Data, 8 parallel lines of data held until next con- e N L

Vout (“17) > +2.4V
Each output capable of drivingup to 4 TTL

8iTs ) P
loads. (LS8 ! . N . . 3‘;;3
Coding, Unipolar Operation....  Straight Binary, positive true ADCEHEST 60 80 wo 380 ' o

nsec. typ

)
1

version command. ' |

V out (“0”) < +0.4V a2 : '
L |
i 1
! i
1 1
I
I

Bipolar Operation....... Offset Binary, positive true. AOCENMSRZ 00 A8 200 2000 e

Two's Complement, positive true.
Serial Output Data................... NRZ successive decision pulse output gener- OUTPUT CODING

ated during conversion, with MSB first. UNIPOLAR (0 TO +10V)

Straight binary or offset binary coding.

Loading: 4 TTL Ioads SCALE INPUT VOLTAGE STRAIGHT BINARY
End of Conversion (EOC)........ Conversion Status Signal. +FS-1158 +9.96V i

V out (0") < 0.4V indicates *7/8 FS +8.75V 11100000

conversion time completed. +3/4 FS +1.50v 1100 0000

V out (""1"') > +2.4V during reset +1/2FS +5.00v 1000 0000

and conversion periods. *1/4 FS *2.50v 0100 0000

Loading: 4 TTL loads, +1LSB +0.04V 0000 0001
Clock Output.......coiereenecrenrennes - Internal clock pulse train of negative 0 0.00v 0000 0000

going pulses from +5V to OV gated on BIPOLAR (-5V TO +5V)

during conversion time. SCALE INPUT VOLTAGE | OFFSET BIN | 2'S COMPLEMENT

Loading: 6 TTL loads

+FS-1 LSB +4.96V 1111111 o111 1111
+3/4 FS +3.75V 1110 0000 0110 0000

PERFORMANCE +1/2 FS +2.50V 1100 0000 0100 0000
Resolution 8 Bits (1 part in 256) [ 0.00Vv 1000 0000 0000 0000
Linearity Error .. + 1/2 LSB max. -1/2 FS -2.50V 0100 0000 1100 0000
Differential Nonlinearity +1/2 LSB max. -3/4 FS -3.75V 0010 0000 1010 0000
Temp. Coeff. of Gain + 50ppm/°C max. ~FS+1 LSB -4.96V 0000 0001 1000 0001
Temp. Coeff. of Zero, Umpolar + 100uV/°C max. -Fs -5.00v 0000 0000 1000 0000

Temp. Coeff. of Offset, Bipolar + 35 ppm of FS/°C max.

Long Term Stability . + .05%/year

Power Supply Rejection . w«  *.02% of FS/% supply, max. ADC-EH8B CALIBRATION

[ ion Time 4.0 usec. max., ADC-EH8B1 +18VDC N
2.0 usec. max., ADC-EH8B2

CONNECTION FOR 017
BIPOLAR OPERATION 8
ONLY :
P BOTTOM
OWER REQUIREMENT + 15VDC 0.5V @ 25mA max. . VIEW

+5VDC + 0.25V @ 125mA max.
TRIMMING POTENTIOMETER
1S 100 PPM!{" C CERMET TYPE,
15 TURN. ORDER DATEL MODEL

3

PHYSICAL-ENVIRONMENTAL 1002

TP100
Operating Temp. Range. 0°C to 70°C
Storage Temp Range .. -55°Cto+85°C 1. UNIPOLAR — No adjustments are necessary and 1002 trimming
Relati i Up to 100% non-condensing pot is not used. Fuil scale and zero are internally set to better
2 x 2 x 0.375 inches (50,8 x 50,8 x 9,5 mm) than 1/2 LSB. Pin 21 is left open.
Case Material Black diallyl phthalate per MIL-M-14 2. BIPOLAR - Connect pin 18 (+15VDC) to pin 21 through a
Pins ,020” round, gold plated, .250" ig. min. “1004) trimming potentiometer as shown. Connect a ‘precision
Weight .. 2 oz. max. (57g.) voltage source to pin 32 and set the input voltage to + 1/2 LSB
or +0.020V. Adjust the trimming potentiometer so that the
output code flickers equally between 1000 0000 and 1000 0001.
ORDERING INFORMATION e e o o (o euifines are
~EX -25°C to +85° C operation
ADC-EH8B _‘—l"— —~EXX-HS ~55°C to +85° C operation with hermetically sealed
semiconductor components.
CONVERSION TIME . NOTE: ADC-EH8B1 & 2 replace former models ADC-EH1 & 2 and are
improved models of these units respectively. The only difference from
1= 4.0 uSEC. MATING SOCKETS: the previous rnodel—s_is- the 3 additional output pins for serial output,
2=12.9 uSEC. DILS-2 (2/MODULE) clock output, and MSB output, and a change in input impedance from
TP100 TRIMMING POT. 5K ohms to 4.45K ohms. If the newly used pins (nos. 2, 4, and 13) cause

a problem in an existing application, they should be clipped off.

Printed in U.S.A. Copyright © 1980 Datel-Intersil, Inc. All rights reserved.
m 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213)933-7256 e Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490
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10 Bit, 2.0 and 4.0 »Sec.
Analog-to-Digital
Converters

Model ADC-EH10B

[D)ANNEL
INTERSIL

b

96C

FEATURES
® 2.0 usec. Conversion — ADC-EH10B2
® 4.0 usec. Conversion —ADC-EH10B1
* 10 Bit Resolution
® Compact 3" x 2" x .375"" Module
* +30ppm/°C max. Tempco
GENERAL DESCRIPTION
Model ADC-EH10B is a very fast 10
bit successive approximation type A/D
converter in a compact low profile
package. Low pricing makes this con-
verter an ideal choice for many appli- GAIN POWE!
cations including fast scanning data ac- -y @ ® cRno
quisition systems, PCM systems, and
fast pulse analysis. This converter is N =
available in two versions based on con- BPOLAR
version speed: ADC-EH10B1 with 4.0 g 500 0 REFERENCE
psec. (250kHz rate) and ADC-EH10B2 | #%6 *"@
. 1 MEG.
with 2.0 usec. (500kHz rate). ANALOG COMPARATOR
. 2) -AWA O/A CONVERTER
High speed and moderate power con- N 2.0k
sumptnon (1.7 watts) in a compact size 0003
(3" x 2" x .375") are made possible by 1 l IJTHJ 1 l
ANALOG
use of an MSI integrated circuit succes- GrounD& 1 DE2L e
sive approximation programmer/regis- PROGRAMMER/REGISTER
ter used with 10 fast switching current 1 3ata our
sources driving a low impedance R-2R START (3 IC_LO_CE]—[—J
ladder network. A fast precision com- CONVERT
parator and precision voltage reference
circuit are also used.
. . . 16) 4X5 o)1 1)(1 3)(14
Operating features include unipolar (0 cLocK BTNGT 1 2 34 567086 5 10
to +10V) or bipolar (t5V) operation our 5B use)
by external pin connection. The con- PARALLEL DATA OUT
verter has a maximum full scale tem-
perature coefficient of ir30ppm/° C
and is monotonic over the full operat- )
ing temperature range of 0°Cto 70°C. | MECHANICAL DIMENSIONS INPUT/OUTPUT
External offset and gain adjustments INCHES (MM) CONNECTIONS
are provided for precise calibration of
zero and full scale. Parallel output cod- 3,000 (76.2) PIN FUNCTION
ing is straight binary for unipolar oper- ) 1 E.0.C. (STATUS)
ation and offs_et binary or‘two’s com- ‘ SIDE VIEW ] .325 (9,5 § g'?&%“é‘;,fj;%’:
plement for bipolar operation. A serial RN 4 BIT 1 OUT (MSB) |
output gives successive decision pulses 020 0IA. 1/0 PINS U _zs0mm 6,0 5 BIT 1 0UT (MSB) |
in NRZ format with straight binary or ) = hzout
offset binary coding. Other outputs in- 8 BIT 4 OUT
clude clock_output for synchronizing STTTTTT T T T T e 1850 9 BIT 5 OUT
serial data, MSB output for two's com- 5 E e :? 3:}‘,‘ 331
plement coding, and end of conversion e o EAcH 12 BIT 8 OUT
status) signal. ‘Al outputs are DTL/ | |$ze-————oonm oo adltoim o s ameonr
TTL compatible. Power requirement is 028 — 96 P 5 SERIAL DATA OUT
+*15VDC and +5VDC. The ADC- b : 7 SPACES 6 CLOCK OUT |
EH10B is also available in extended S HES S 171 +SVDCPOWERIN |
temperature range versions. o e ,50 19 ~15VDC POWER IN
20 POWER GROUND
|-—z 800 71 —-| |-—'°° 27— BIPOLAR OFFSER
23 GAIN ADJUST.
NOTES 31 ANALOG GROUND
; gP“E): ?3;;51 DZS;G'::TE OMITTED PINS 32 ANALOG IN

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD; MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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SPECIFICATIONS, ADC-EH10B

(Typical at 256°C, +15V & +5V Supplies, unless otherwise indicated)

INPUTS

Analog Input Range. . . . ... OV to +10V FS or t5V FS

Input Impedance . .. ... .. 2.3K +0.1%

Input Overvoltage ... .. .. +20V, no damage

Start Conversion. . . . ... .. 2V min. to 5.5V max. positive pulse
w ith duration of 50 nsec. min. Rise
and fall times <500 nsec.
Logic 1" resets converter
Logic "0’ initiates conversion
Loading: 1 TTL load

OUTPUTS

Parallel Qutput Data . . . . .. 10 parallel lines of data held until

next conversion command.

Vout (“0”) < +04V

Vout (1) > +2.4V

Each output capable of driving up to
4 TTL loads.

Straight Binary, positive true

Offset Binary, positive true

Two's complement, positive true
NRZ successive decision pulse output
generated during conversion with
MSB first.

Straight binary or offset binary,
positive true coding.

Loading: 4 TTL loads

Conversion Status Signal.

V out {*0’) < +0.4V indicates con-
version completed.

V out {*“1) > +2.4V during reset and

Coding, Unipolar operation . .
Bipolar operation . . .

Serial Output Data

End of Conversion (EOC)

conversion.
Loading: 4 TTL loads
Clock Output . .. ....... Internal clock pulse train of negative
going pulses from +5V to OV gated on
during conversion time.
Loading: 6 TTL loads
PERFORMANCE
Resolution . . .. ........ 10 Bits (1 part in 1024)
Nonlinearity . . . .. ...... +1/2 LSB max.

Differential Nonlinearity . . . .
‘Differential Nonlinearity T.C. .

+1/2 LSB max.
+10ppm/°C max.

Temp. Coeff.of Gain . . . . .. +30ppm/°C max.

Temp. Coeff. of Zero, unipolar  +150 uV/°C max.

Temp. Coeff. of Offset, bipolar  +20ppm/°C max.

Power Supply Rejection . ... .01% FS/% supply, max.
Conversion Time . ....... 4.0 usec. max., ADC-EH10B1

2.0 usec. max., ADC-EH10B2

POWER REQUIREMENT ... +15VDC +0.5VDC @ 75mA max.
-15VDC +0.5VDC @ 20mA max.

+5VDC +0.25VDC @ 150mA max.

PHYSICAL-ENVIRONMENTAL

Operating Temp. Range 0°C to 70°C
Storage Temp. Range . . . . . . -25°C to +85°C
Relative Humidity . . ... .. Up to 100% non-condensing
CaseSize . . . .......... 3 x 2 x .375 inches
(76,2 x 30,8 x 9,5mm)
Case Material . ......... Black Diallyl Phthalate per MIL-M-14
Pins .. .............. .020"" round, gold plated,
.250" long min.
Weight .. ............ 3 0z. max. (85g.)

TIMING DIAGRAM FOR ADC-EH10B Output: 101010101

START = o e e e e e e e e ———— 1
CONVERT ___]

oy 90 nsa. typ.

€0c
(STATUS) T

1
ol T e
| h —| 21y
cLock |
OUT 60 ntec. ! fgm 1
e, | !

i 1] 2! |
i —-ﬂF—?ﬂm«. 1
1

i
1 .
T 0
BT ' ! i I
(Ms®) ! ! !
I B e it SR SR o
5 [ DR —"
8T 2

I 1 !
I 1 !
1 T T T
| I i i
T3 H ! : :
I H i ) i I
[} A i I

—_— - 1

v
BT 10 !
wse) i TnL TN
I} apc-€mio8 380 115 3600 neec typ } For Start Convert = 50 nsec. 0

ADC-EMIOBZ 220 59 1900 neec typ

OUTPUT CODING
UNIPOLAR (0V TO +10V)

SCALE INPUT VOLTAGE | STRAIGHT BINARY.
+FS-1LSB +9.9902V AARRIRERRIRE]
+7/8 FS +8,7500V 1110 0000 00
+3/4 FS +7.5000V 1100 0000 00
+1/2FS +5.0000V 1000 0000 00
+1/4 FS +2.5000V 0100 0000 00
+1LSB +0.0098V 0000 0000 01

) 0.0000V 0000 0000 00

BIPOLAR (—-5V TO +5V)

SCALE INPUT VOLTAGE OFFSET BINARY TWO'S COMPLEMENT*

+FS -1 LS8 +4.9902V M1 n [ARRIRERRIR R
+3/4 FS +3.7500V 1110 0000 00 . 0110 0000 00
+1/2 FS +2.5000V 1100 0000 00 0100 0000 0O

0 0.0000V 1000 0000 00 0000 0000 00
-1/2FS -2.5000V 0100 0000 00 1100 0000 00
-3/4 FS -3.7500V 0010 0000 0O 1010 0000 00
-FS+11LSB -4.9902V 0000 0000 01 1000 0000 01
-FS -5.0000V 0000 0000 00 1000 0000 00

*Using MSB output for Bit 1

GAIN & OFFSET ADJUSTMENTS

+15v +15v
FSET
ool [ 32000
20K By
-15v
GAIN
Gnl;y [.; Apd. L3200
ANALOG . ANALOG o
GND. O GND.
ANALOG ANALOG
IN IN

UNIPOLAR OPERATION BIPOLAR OPERATION

. Apply START CONVERT pulses to pin 3 (see

ifications and timing di )

2. Apply a precision reference voltage source to 2.
ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer-
ence to Zero +1/2 LSB (+4.9mV). Adjust the
zero trimming potentiometer so that the output
code flickers equally between 0000 0000 00
and 0000 0000 01.

. Adjust the output of the voltage reference to 3.
+FS -1 1/2 LSB (+9.9854V). Adjust the GAIN
trimming potentiometer so that the output code
flickers equally between 1111 1111 10 and
11111111 11,

-

specifications and timing diagram).

and 0000 0000 01.

w

flickers equally between 1111 1111 10 and
11N,

1. Apply START CONVERT pulses to pin 3 (see

Apply a precision reference voltage source to
ANALOG IN {pin 32) and ANALOG GROUND
{pin 31). Adjust the output of the voltage refer-
ence to -FS +1/2 LSB (-4.9951V). Adjust the
offset trimming potentiometer so that the output
code flickers equally between 0000 0000 00

Adjust the output of the voltage reference to
+FS -1 1/2 LSB (+4.9854V). Adjust the GAIN
trimming potentiometer so that the output code

ORDERING INFORMATION |

-

CONVERSION TIME
1 =40 usec.
2 = 2,0 usec.

ADC-EH10B

MATING SOCKETS:
DILS-2 (2/MODULE)
TRIMMING POTENTIOMETERS:
TP20, TP200, TP20K

For extended temperature range operation, the following suffixes are
added to the model number. Consult factory for pricing.

-25°C to +85°C operation

-55°C to +85°C operation with hermetically sealed
semiconductor components

—-EX
—EXX-HS

NOTE: ADC-EH108B1 replaces former Datel model ADC-EH108 and
is an improved version of the model. The only differences from the
previous model is the change in input impedance from 10K ohms to
2.3K ohms, and the reduction in 5V supply current from 280mA to
150mA.

THE ADC-EH108 CONVERTERS ARE COVERED BY GSA CONTRACT

N
> JINTEERSIL

4

Printed in U.S.A. Copyright © 1980 Datel-Intersil, Inc. All rights reserved. i
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FEATURES

* 40usec. Conversion—ADC-EH12B2
* 8.0usec.Conversion—ADC-EH12B1
* 12 Bit Resolution

* 30PPM/°C Tempco

e Low Profile—0.4" High

GENERAL DESCRIPTION

Model ADC-EH12B is a 4 microsecond,
12 bit successive approximation type
A/D converter in a low profile 4 x2x 0.4
inch module. This high performance
converter is priced at about half that of
other competing models; in addition, it
consumes only 2.0 watts of power, much
less than competing devices. It is ideal
for application in PCM systems, data
acquisition systems, and other instru-
mentation and control systems requir-
ing very fast data conversionratesup to
250,000 per second. The ADC-EH12B
is also available in an even lower cost
8.0 usec. version.

The ADC-EH12B design utilizes an MSI
integrated circuit successive approxi-
mation programmer/register, 12 fast
switching current sources, alow imped-
ance R-2R resistor network, a precision
voltage reference circuit, and a fast pre-
cision comparator to achieve its very
fast conversion rate.

Operating features include unipolar (0
to +10V) or bipolar (£5V) operation by
external pin connection. Full scale tem-
perature coefficient is 30ppm/°C maxi-
mum and the converter is monotonic
over its full operating temperature range
of 0°C to 70°C. External offset and gain
adjustments are provided for precise
calibration of zero and full scale. Parallel
output coding is straight binary for uni-
polar operation and offset binary or
two’s complement for bipolar operation.
A serial output gives successive deci-
sion pulses in NRZ format with straight
binary or offset binary coding. Other
outputs include clock output for syn-
chronization with serial data, MSB out-
put for use in two's complement coding,
and end of conversion (status) signal.
All outputs are DTL/TTL compatible.

Power requirement is £15VDC and
+5VDC. Extended temperature range
versions are also available.

12 Bit, 4.0 and 8.0 ;Sec.

Analog-to-Digital

Converters
Model ADC-EH12B1,B2
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TIMING DIAGRAM FOR ADC-EH12B Output: 101010101010

SPECIFICATIONS, ADC-EH12B

(Typical at 26°C e _d]

, 15V & +5V Supplies, unless otherwise indicated)

~—e{ror— 80mneec. typ.

INPUTS oc Ao

(STATUS) "2 mu"&
Analog Input Range. . . . ... OV to +10V FS or +5V FS —_—ty v~
Input !mpedance . . ... ... 2.3K ohms +0.1% B i EA o o
Input Overvoltage . ... ... +20V, no damage ueer i A rrr
Start Conversion. . . ... ... 2V min. to 5.5V max. positive pulse : TR TR 1 5. 2 S R N )

with duration of 100 nsec. min. Rise
and fall times <500 nsec.

Logic “’1"’ resets converter

Logic “’0"" initiates conversion
Loading: 1 TTL load

SERIAL °
DATA

OUTPUTS
Parallel Output Data

------ 12 parallel lines of data held until
next conversion command.

V out ("0”) < +0.4V

Vout (1) > +2.4V

Each output capable of driving up to
4 TTL loads.

BT 12

(Ls8) T,
ADC-EMi2BI 208 7600 naec, typ
ADC-EHiI2B2 105 3900 neec. typ

}For Start Convert = 100naec

Coding, lBinz:)lar ::ertaitoi:n .. gtf;aighépinarv, pgsftiv: true OUTPUT CODING
Ipolar opera .« .. set Binary, positive true
Two's complement, positive true UNIPOLAR (0V TO +10V)
Serial Output Data . . . . . .. NRZ successive decision pulse output SCALE INPUT VOLTAGE STRAIGHT BINARY
generated during conversion with +FS -1 LSB +9.9976V 11111111 1111
MSB8 first. +7/8 FS +8.7500V 1110 0000 0000
Straight binary or offset binary, *354 ::2 *;-ggggz :sgg gggg gggg
itive true coding. +1712 *5.
‘ T_Zsadine . :T?“_ |ogds +1/4 +2.5000V 0100 0000 0000
. 9: - +1LSB +0.0024V 0000 0000 0001
End of Conversion (EOC) Conversion Status Signal. 0 0.0000V 0000 0000 V000

V out (“0"') < +0.4V indicates con-

version completed. BIPOLAR (—5V TO +5V)

V out ('fl") > +2.4V during reset and SCALE INPUT VOLTAGE OFFSET BINARY TWO'S COMPLEMENT*
conversion.
- FS-1LSB +4,.9976V 1M1 [IEERERERERE]
Loading: 4 TTL loads S es +3.7500V 1110 0000 0000 0110 0000 0000
Clock Output . . ... ... .. Internal clock pulse train of negative +1/2 FS +2,5000V 1100 0000 0000 0100 0000 0000
going pulses from +5V to OV gated on 1] 0.0000V 1000 0000 0000 0000 0000 0000
during conversion time. -1/2 FS -2.5000V 0100 0000 0000 1100 0000 0000
Y -3/4 FS -3.7500v 0010 0000 0000 1010 0000 0000
Loading: 6 TTL loads -FS+1LSB -49976V 0000 0000 0001 1000 0000 0001
-FS -5,0000V 0000 0000 0000 1000 0000 0000
PERFORMANCE *Using MSB output for Bit 1
Resolution . . .. ........ 12 Bits (1 part in 4096)
Nonlinearity . . . . ... .... +1/2 LSB max. GAIN & OFFSET ADJUSTMENTS
Differential Nonlinearity . . . . £1/2 LSOB max.
Differential Nonlinearity T.C. . +3ppm/ E:max. +15V +15V
Temp. Coeff. of Gain . . . ... +30ppm/ OC max. Jer0
Temp. Coeff. of Zero, unipolar  +150 uV/°C max. o OFSE.T 2000
Temp. Coeff. of Offset, bipolar  +15ppm of F.S./"C max. 20K - L—0 21 :_'.-—1
Power Supply Rejection . ... .01% FS/% supply, max.
Conversion Time . ....... 8.0 usec. max., ADC-EH12B1 =15V 023 oA
4.0 usec. max., ADC-EH12B2 O Leg 200 ADJ 200
ANGA}‘LgGC’ —0 31 ANALOG
ANALOGo L 53p ANALOG
POWER REQUIREMENT ... =*15VDC+0.5VDC @ 40mA max. N

+5VDC +0.25VDC @ 150mA max.

UNIPOLAR OPERATION BIPOLAR OPERATION

PHYSICAL-ENVIRONMENTAL

. Appiy START CONVERT pulses to pin 24 (see 1. Apply START CONVERT pulses to pin 24 (see

Operating Temp. Range
Storage Temp. Range
Relative Humidity

0°C to 70°C
-25°C to +85°C
Up to 100% non-condensing

and timing di

2. Apply a precision reference voltage source to 2.
ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer-

specifications and timing diagram).

Apply a precision reference voltage source to
ANALOG IN (pin 32) and ANALOG GROUND
{pin 31). Adjust the output of the voltage refer-

i : ence to Zero +1/2 LSB (+1.2mV). Adjust the ence to -FS +1/2 LSB (—4.9988V). Adjust the
CaseSize . .. .......... 4 x 2 x 0.4 inches zero trimming potentiometer so that the output offset trimming potentiometer so that the output
(1016 x508 x 1 0,2mm) code flickers equaily between 0000 0000 0000 code flickers equally between 0000 0000 0000
i i M- and 0000 0000 0001. and 0000 0000 0001.
C'ase Material . ......... B'ad‘(’ Dla"yl Phthalate per MIL-M-14 3. Adjust the output of the voltage reference to 3. Adjust the output of the voltage reference to
Pins . ... ............ .020"" round, gold plated, +FS - 1 1/2 LSB (+9.9963V). Adjust the GAIN +FS - 11/2 LSB (+4.9854V). Adjust the GAIN
200’ long min wrimming potentiometer so that the output code trimming potentiometer so that the output code
. " 9 N flickers equally between 1111 1111 1110 and flickers equally between 1111 1111 1110 and
Weight . . . ........... 4 0z. max. (114 g.) ML AARRREREREEER
INFORMATION For extended temperature range operation, the following suffixes are
added to the model number. Consult factory for pricing.
ADC-EH128B —EX -25 C to +85°C operation
T —EXX—HS -55°C to +85°C operation with hermetically sealed

CONVERSION TIME semiconductor components

MATING SOCKETS:

1= 8.0 Usec. DILS-2 (2/MODULE) THE ADC-EH12B CONVERTERS ARE COVERED BY GSA CONTRACT.
2= 4.0 usec TRIMMING POTENTIOMETERS:

TP20, TP200, TP20K

Printed in U.S.A. Copyright © 1980 Datel-Intersil, Inc. All rights reserved.
m 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213)933-7256 e Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490
)/ “mm':' e Houston, (713)781-8886 # Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
e DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95  DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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DV/ANEL.

Ultra-Fast, 12 Bit
Analog-to-Digital

b
umu“—" Converter

FEATURES

2.0 usec. Conversion Time

¢ 12 Bit Resolution

* Low Power Consumption — 2.25W
Low Profile Case — 0.4 High

* Economy Price

GENERAL DESCRIPTION

Model ADC-EH12B3 is a new, ultra
fast, 12 bit successive approximation
A/D converter with a 2.0 microsecond
maximum conversion time. This con-
verter utilizes 12 very fast switched
current sources with a low impedance
R-2R ladder network, a fast precision
comparator, a precision zener refer-
ence source, and an MSI integrated cir-
cuit successive approximation register
to achieve its state of the art perfor-
mance. It is encapsulated in a low pro-
file 2x4 x 0.4 inch module and con-
sumes only 2.25 watts of power. The
ADC-EH12B3 opens up a broad range
of fast data conversion applications
where conversion rates up to 500,000
per second are required.

Input voltage ranges are 0 to +10V
unipolar or *5V bipolar by external
pin connection; input impedance is
1.15K ohms. The parallel output is in
straight binary, offset binary, or two’s
complement coding. Serial output data
is also brought out in the form of
an NRZ format MSB first pulse train.
Full scale temperature coefficient is
+30ppm/°C maximum and zero tem-
perature coefficient is i150uV/°C
maximum. Due to its low differential
linearity temperature coefficient there
are no missing codes over the 0°C to
70°C operating temperature range.
Provision is made for precise alignment
in a given application.

Other DTL/TTL compatible outputs
include clock, MSB output (for two's
complement coding), and end of con-
version (status) output. Power supply
requirement is *15VDC and +5VDC.

Model ADC-EH12B3

GAIN POWER
ADJUST +5V 415V -15V GROUND
D @ _(@®
BIPOLAR BIPOLAR |
OFFSET ’_CFFSET T:g&c;sgggg
UNIPOLAR| 5000 - ,,,J
ZERO (3 *T
1 MEG f 7
ANALOG A COMPARATOR | D/A CONVERTER
N
1K
1500 3 [ I ] l l l
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GROUND B ~NEOC
= U status)
PROGRAMME R/REGISTER
) SERIAL
1% oata our
START a _j
CONVERT cLock
X)) (8)(3)(9)(1)(2)(3)(4)(3) (e
CEocx BTN T 1 234 567 8 91001 12
uT L Y
MSB MS8 S8
PARALLEL DATA OUT
PIN FUNCTION
F,Vi,, 2.000 (101,6) - ,,,,,,ﬁ 1 £.0.C. (STATUS)
2 CLOCK OUT,
J 3 BIT 1 OUT (MSB)
SIDE VIEW ,aiouo,m a SERIAL DATA OUT ]
=020 oa 10 Pins T 200minen 5 ~
0,5 I 6 |
7
— 8 BIT 4 OUT
L S b Rt S 9 BIT 50UT
. .
o o | 7 seaces i 10 BIT 6 OUT
M o1 aT.100 | | 1 BIT 7 OUT
e o | Eagn i 12 BIT 8 OUT
24 — e ——m—— - —~-—-8e —i-—usc 20‘00 | 13 BIT 9 OUT
8OTTOM ViEW 508 | 14 BIT 10 OUT
025~ - Rtttk Bty st 15 BIT 11 OUT
° ® | 7 SPAaCES | 16 BIT 12 QUT (LSB)
S ¢ | at.100 VT
° o | EacH 17 +5V POWER IN
. . i 18 +15V POWER IN
@3 e T Tlee |50 19 ~15V POWER IN
L I e 20 POWER GROUND
r ses el nai 21 UNIPOLAR ZERO
‘ ‘ 22 BIPOLAR OF FSET
23 GAIN ADJUST
NOTES 24 START CONVERT IN
1 OPEN DOTS DESIGNATE OMITTED PINS 31 ANALOG GROUND
2 0100 INCH =2 5mm 32 ANALOG IN

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340

lapaauo) |epbig-ol-bojeuy 1ig g1 ‘ised-eannin

€421LH3-0aV I19PoN

uonisinboy ejeq



SPECIFICATIONS, ADC-EH12B3

(Typical at 25°C, +t15V & +5V §

INPUTS

Analog Input Range. . . . . . .
Input Impedance
Input Overvoltage . . . .. ..
Start Conversion. . . . ... ..

upplies, unless otherwise indicated)

OV to +10V FS or +6V FS

1.15K ohms £0.1%

+20V, no damage

2V min. to 5.5V max. positive pulse
with duration of 100 nsec. min. Rise
and fall times <500 nsec.

Logic 1" resets converter

Logic 'O’ initiates conversion
Loading: 3 TTL loads

OUTPUTS
Parallel Output Data.

Coding, Unipolar operation . .
Bipolar operation . . .

Serial Output Data

End of Conversion (EOC)

Clock Qutput

12 parallel lines of data held until
next conversion command.

V out (“0”) < +0.4V

Vout (1) > +2.4V

Each output capable of driving up to
4 TTL loads.

Straight Binary, positive true

Offset Binary, positive true

Two’s compliement, positive true
NRZ successive decision pulse output
generated during conversion with
MSB first.

Straight binary or offset binary,
positive true coding.

Loading: 4 TTL loads

Conversion Status Signal.

V out (“0”’) < +0.4V indicates con-
version completed.

Vout {"1"') > +2.4V during reset and
conversion.

Loading: 4 TTL loads

Internal clock pulse train of negative
going pulses from +5V to OV gated on
during conversion time.

Loading: 6 TTL loads

TIMING DIAGRAM FOR ADC-EH12B  Output 101010101010

HI
ggm"em _ﬂ 100 nsec min.
o ]
O
EOC. | |
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]
w —4 !
o
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ouT : nsectyp|
0
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N

L

PERFORMANCE

Resolution
Nonlinearity
Differential Nonlinearity . . . .
Differential Nonlinearity T.C. .
Temp. Coeff.of Gain . . . ...
Temp. Coeff. of Zero, unipolar
Temp. Coeff. of Offset, bipolar
Power Supply Rejection . . . .
Conversion Time

12 Bits (1 part in 4096)
+1/2 LSB max.

+1/2 LSB max.
+3ppm/°C max.
130ppm/:C max.
+150uV/ C max.
+15ppm of F.S./”C max.
.01% FS/% supply, max.
2.0 usec. maximum

OUTPUT CODING
UNIPOLAR (OV TO +10V)
SCALE INPUT VOLTAGE | STRAIGHT BINARY

+FS -11LS8B +9.9976V IAREIRRREIRD RN
+1/8 FS +8.7500V 1110 0000 0000
+3/4 £S5 +7.5000V 1100 0000 0000
“1/2FS +5.0000V 1000 0000 0000
1174 +2.5000V 0100 0000 0000
+1Ls8 +0.0024V 0000 0000 0001

0 0.0000V 0000 0000 0000

BIPOLAR (—5V TO +5V)

SCALE INPUT VOLTAGE OFFSET BINARY TWO'S COMPLEMENT*

+FS-11S8 +4.9976V miinnnn [ RRIRERRIRARA]
+3/4 FS +3.7500V 1110 0000 0000 0110 0000 0000
F+1/2 FS +2.5000V 1100 0000 0000 0100 0000 0000
0 0.0000V 1000 0000 0000 0000 0000 0000
-1/2 FS -2.5000v 0100 0000 0000 1100 0000 0000
-3/4 FS -3.7500v 0010 0000 0000 1010 0000 0000
-FS+11LS8 -4.9976V 0000 0000 0001 1000 0000 0001
-FS -5.0000V 0000 0000 0000 1000 0000 0000

*Using MSB output for Bit 1

POWER REQUIREMENT . . .

+15VDC +0.5V @ 80mA max.
-15VDC +0.5V @ 20mA max.
+5VDC £0.25V @ 150mA max.

PHYSICAL-ENVIRONMENTAL
Operating Temp. Range

Storage Temp. Range . . . . . .
Relative Humidity
Case Size

Case Material
Pins

0’Cto 70°C

-25"C 1o +85'C -

Up to 100% non-condensing

4 x 2 x 0.4 inches

(101,6 x 50,8 x 10,2mm)

Black Diallyl Phthalate per MIL-M-14
.020” round, gold plated,

.200" long min.

4 0z. max. (114 g.)

GAIN & OFFSET ADJUSTMENTS

+15v
ZERO

ADJ.
20K

BV —023
GAIN %
anacos 27 oe
GND. —o3!

““‘;‘thC*—"_—O 32

UNIPOLAR OPERATION

1. Apply START CONVERT puises to pin 24 (see
specifications and timing diagram).

2. Apply a precision reference voltage source to
ANALOG IN (pin 32} and ANALOG GROUND
{pin 31). Adjust the output of the voltage refer-
ence to Zero +1/2 LSB (+1.2mV). Adjust the

- zero trimming potentiometer so that the output
code flickers equally between 0000 0000 0000
and 0000 0000 0001

3. Adijust the output of the voltage reference to
+FS - 11/2 LSB (+9.9963V). Adjust the GAIN
trimming potentiometer so that the output code
flickers equally between 1111 1111 1110 and
AARRRERRIRERR N

+15v

OFFSET
R RE

nl}.l

GAIN
ADJ

o~

2200

ANALOG
GND.
ANALOG
IN

BIPOLAR OPERATION

1. Apply START CONVERT pulses 1o pin 24 (see
specifications and timing diagram).

2. Apply a precision reference voltage source to
ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer-
ence to -FS +1/2 LSB ( 4.9988V). Adjust the
offset trimming potentiometer so that the output|
code flickers equally between 0000 0000 0000
and 0000 0000 0001.

3. Adjust the output of the voltage reference to
+FS -1 1/2 LSB (+4.9854V). Adjust the GAIN
trimming potentiometer so that the output code
flickers equally between 1111 1111 1110 and
AARRNEARIRERA N

MATING SOCKETS:
DILS-2 (2/MODULE)

TP20, TP200, TP20K

ORDERING INFORMATION

—EX

—EXX—-HS

THE ADC-EH12B3 CONVERTER IS COVERED UNDER GSA CONTRACT.
TRIMMING POTENTIOMETERS:

For extended temperature range operation, the following suffixes are
added to the model number. Consult factory for pricing.

-25°C to +85°C operation

semiconductor components

-55°C to +85°C operation with hermetically sealed

v

EANE
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FEATURES

e 4 bits at 25 MHz

e 8 bits at 8.33 MHz

e Unipolar and Bipolar Models
50 ppm/°C Tempco

® Rugged modular construction

® Low Cost

GENERAL DESCRIPTION

The ADC-UH series is made up of two ultra
high speed analog to digital converters: an
eight binary bit model operating at con-
version rates up to 8.33 MHz and a four bit
version operating at rates up to 25 MHz.

Converters in this series employ the
ultra-fast parallel, or flash, conversion
technique and are of modular construction.
These high-speed designs have been
tested and proven in many different
applications. Close attention to circuit and
layout detail has resulted in highly reliable
converters having relatively low power
consumption.

The ADC-UH4B uses a single stage
parallel conversion technique to achieve a
conversion- in forty nanoseconds. This
model is composed of a bank of 15
ultra-fast comparators, a 15 line to 4 bit
decoder, a 4 bit storage register, and
control logic circuitry.

The ADC-UH8B employs a two-stage
parallel conversion technique to accom-
plish an 8 bit conversion every 120
nanoseconds. The two stage modification
of the parallel conversion technique is
employed to keep the number of com-
parators to 30 instead of 255 which would
be required with the single stage technique.
In addition to 30 ultra-fast comparators, the
eight bit model contains two 15 line to 4 bit
decoders, two 4 bit storage registers, a high
speed 4 bit D/A converter, and control logic
circuitry.

Output coding for both models is straight
binary for unipolar operation and offset
binary for bipolar operation. Converters for
bipolar analog inputs are designated by the
suffix 2" after the model number. All
control inputs, outputs, and data outputs are
compatible with standard TTL logic levels.

Each modelis fully encapsulatedina 3" x 5"
x 1.15" black anodized aluminum module
suitable for direct mounting to pc boards.
Input power requirements are+=15VDC and
+5 VDC. Operating temperature range is
0°C to +70°C.

O)/ANN=L
INTERSIL

Flash A/D Converters
| ADC_-UH Series

-1 GND B -

{9
DREE:

a/D CON

JWVERTER

ADC-UHBB

svDC
GND

DIGITAL OUTPUT DATA

—— A
o) O ® 6 © 0OEOEOEE
= I
e ] - _ —
INPUT CK&LATNA-FASV : 15 LINE TO 4BIT ULTRA-FAST INPUT ULTRA-FAST I——={ 15 LINE TO 4BIT
@ S i | | | SR O pe> e G| | o
ANALOG | —v fet
INPUT H 1 —
O l ; F - -
ANALOG
GROUND ‘ ;
INPUT
REFERENCE
CONTROL ]
CIRCUIT
O]

START END OF
CONVERSION  CONVERSION

(EOC)

MECHANICAL DIMENSIONS
INCHES (MM)

NOTE: CASE IS BLACK ANODIZED ALUMINUM

+o
1.150 - 000
fe) SIDE VIEW O——Ff— 22
R (Q,Bbl
1
I #4.40 x .150 DEEP THREADED INSERT [__zomnen
40 x .
020 DIA. 1/0 PINS ity
1 287 Lo | %
NS ) T @ M om0
000 288 =
L E ¥ 762)
1e
B
3 . - 2350
BOTTOM VIEW 58 1650
e e e | [ ls Zseaces
A ﬁ H \T 100 EA.
120 850
1 y
S
(“ 189 [T [
|—— | ° i
s | 1m0
(44,
ity = -]
)
+.080 —I
5.000 - 000
0z0

INPUT/OUTPUT
CONNECTIONS
PIN FUNCTION
1 | BIT 4 (LSB, ADC-UH4B)
2 [ BIT3
3 | BIT2
4 | BIT 1 (MSB)
5 | START CONVERT
6 | E.0O.C. (STATUS)
7 | 15VDC GROUND
8 | -15vDC
9 | +15vDC
70 | 5VDC GROUND
11 | -5vDC
12 | +5VDC
13 | B8BTS
14 | BTG
5 | BT7
76 | BIT 8 (LSB, ADC-UHBB)
17 | ANALOG INPUT
18 | ANALOG GROUND

NOTE: PINS 7, 10 AND 18 ARE
INTERNALLY. CONNECTED.

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, ADC-UH SERIES

Typical @ 25°C, £15 VDC and +5 VDC Supplies, unless otherwise noted

ADC-UH4B ADC-UH8B
ADC-UH8B
MAXIMUM RATINGS
Analog Supply Voltage .................. +18 VDC +18 VDC
Logic Supply Voltage .................... +5.25 VDC +5.25 VDC
Analog Input Voltage .................... +5 VDC +5VDC
INPUTS
Analog Input Range, Unipolar............ 0V to -2.56V 0V to -2.56V
Analog Input Range, Bipolar' ............ +1.28V +1.28V
Input Impedance? ....................... 100K 100K
Input Capacitance....................... 250 pF 20 pF
InputCurrent .................ccoivueen +150 pA +30 A
Start Conversion ....................... 2V min. to 5V max. Positive Pulse,
40 nsec min. width. Positive Going
Edge Initiates Conversion.
Loading: 1 HTTL Load
OUTPUTS :
4 Parallel Lines 8 Parallel Lines

OutputData...................coinnneen
Output Logic Levels -

Vour (“0") < +0.4V
Vout (“1")= +2.4V
Loading: 4 TTL Loads

Output Coding, Unipolar................. Straight Binary Straight Binary
Output Coding, Bipolar' ................. Offset Binary Offset Binary
Endof Conversion ...................... 2V min. to 5V max. Positive Pulse
45 nsec Width. Negative Going Edge
Indicates Conversion Complete.
Loading: 1 HTTL Load
PERFORMANCE
Resolution ............ e reeereeeneeaaaes 4 Bits (1 partin 16) | 8 Bits (1 partin 256)
Ditferential Linearity Error, max. ......... *+% LSB +1 LSB
MissingCodes ...............ccovvvvennn None over oper. None at 25°C
temp. range
GainTempeo ...............cooeviiinntn +50 ppm/°C +50 ppm/°C
Long Term Stability ..................... +0.25%/Year +0.25%/ Year
ConversionTime ................covuuen 40 nsec. 120 nsec.
Conversion Rate, max.................... 25 MHz 8.33 MHz
POWER REQUIREMENT
Analog Supply Voltage .................. +15 VDC 0.2 VDC| *15VDC+0.2VDC
Positive Analog Current ................. 80 mA 80 mA
Negative Analog Current................. 9 mA 9 mA
Logic Supply Voltage . ................... +5VDC +0.1 VDC | #5VDC 0.1 VDC
Positive LogicCurrent ................... 650 mA 1300 mA
Negative Logic Current .................. 150 mA 250 mA

7. During operation, airflow over the case must be

PHYSICAL-ENVIRONMENTAL

1. Model ADC-UH8B has a throughput delay of 140
nsec. due to the two stage conversion technique
used. However, a new conversion can be started
every 120 nsec. for a conversion rate of 8.33 MHz.

2. The eight bit conversion result of the ADC-UH8B
is made up of two 4 bit partial results that appear
95 nsec. apart. Since each 4 bit resultis present at
the outputs for 110 nsec., the 15 nsec. overlap
between the two partial results is the period in
which the complete 8 bit conversion result is
available at the outputs. This overlap period
occurs immediately prior to the falling edge of the
end of conversion output pulse. While the 8 bit
word is available at the outputs, it may be loaded
into an external register for transfer. Transfer may
be accomplished by using a zero hold-time
register such as an SN74H106 or a fast quad D-
type flip-flop such as the SN74S175. One
configuration of the ADC-UH8B is shown in the
diagram titled “Two State Data Transfer Register”.
This register allows access to the full 8 bit word for
150 nsec. after the negative going edge of the end
of conversion pulse and acts as a deskewing
register.

3. For applications of the ADC-UH8B requiring a
sample-hold, Datel-Intersil's SHM-UH3 is
recommended. The SHM-UH3 is an ultra-fast
sample-hold designed specifically for use with the
ADC-UH8B. The ADC-UH4B generally does not
require a sample-hold due to its high speed.

4. The ADC-UH series has inverted analog input.
Therefore, for the bipolar +1.280V analog input
range, a -1.280V input results in an output code of
11111111, Conversely, an analog input of
+1.280V is coded as 00000000. Coding for bipolar
models is offset binary.

o

. The ADC-UH is completely calibrated at the
factory and does not require any customer
adjustment. Due to the high speed and
sophisticated design of these units, calibrationis a
complex procedure involving specialized equip-
ment. No attempt at adjustment should be made
without contacting the factory for assistance.

6. The ADC-UH series modules are supplied with
two threaded mounting holes on the bottom of the
case to allow securing the module to a circuit
board. Screws used for mounting should be
tightened to between 4 and 8 inch pounds.

unrestricted to provide proper cooling. For
operations in ambient temperatures above 50°C
airflow of at least 100 linear feet per minute is
recommended.

Operating Temp. Range ................. 0°C to +70°C
Storage Temp. Range ................... -55°C to +85°C
Relative Humidity ....................... Up to 100% Non-Condensing
Package Type...........ccovviiinnnnenes Black Anodized Aluminum Module
Package Size..................ccoeiitn 3 X 5 X 1.150 inches

: (76,2 X 127,0 X 29,2 mm)
Pins ..o 0.020" Dia. X 0.250"” Long, Gold Plated
Weight... ...ttt 15 oz. (425g)
NOTES:

1. For bipolar operationiorder suffix “2" model.

2. 10K min.

ORDERING INFORMATION

MODEL DESCRIPTION

ADC-UH4B 4 Bits, 25 MHz, Unipolar
ADC-UH4B2 4 Bits, 25 MHz, Bipolar
ADC-UH8B 8 Bits, 8.33 MHz, Unipolar
ADC-UH8B2 8 Bits, 8.33 MHz, Bipolar

For extended temperature range operation the
following suffixes should be added to the model
number. Consult factory for price and delivery.

-EX -25°C to +85°C operation

-EXX-HS -55°C to +85° C operation with all
hermetically sealed semiconductors

THESE CONVERTERS ARE COVERED BY
GSA CONTRACT.
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v THEORY OF OPERATION

The ADC-UH4B employs the well-known parallel, or
flash, high speed conversion technique. With this
technique an analog input is digitized to a resolution of N
bits by a bank of 2N-1 comparators operating in parallel.
These comparators are biased 1 LSB apart by a
precision resistor network connected to a voltage
reference. With an analog input applied, all comparators
biased below the level of the input signal turn on (output
“1”) while those biased above the input level turn off
(output “0"). Since the comparators operate simul-
taneously, the quantization takes place in the switching
time of a single comparator. For a four bit converter,
which requires a bank of 15 comparators, the results of
this quantization appear in the form of a 15 line code
which increments sequentially from all zeros to all ones.
This result is fed to a special 15 line to 4 bit decoder,
whose output is a 4 bit binary code.

To achieve high speed 8 bit conversions, the above
technique is used in a two stage operation. The first
quantization stage determines the four most significant

bits. This four bit word is then stored in an output register
that also controls a4 bit digital-to-analog converter. The
output of the D/A coverter is the analog value of the four
most significant bits, which is then subtracted from the
analog input. The resulting voltage difference is fed to a
second comparator bank where the four least significant
bits are determined and stored in a second output
register. The contents of the two output registersisthe 8
bit binary word representing the analog input signal
level.

A useful result of this two stage method is that once the
four most significant bits have been determined and
stored in the output register, the first stage comparator
bank is free to perform the next conversion. The second
conversion will begin while the remaining four bits of the
original conversion are being determined in the second
stage (refer to the timing diagram for the dynamics of
interleaved two-stage conversion). This mode of
operation makes possible an 8.33 MHz word rate.

MODEL ADC-UH4B
BLOCK DIAGRAM

MODEL ADC-UH4B
BLOCK DIAGRAM
SVDC
+15V  GND. -15v +%  GND -5V
(ONNO] ® @
S8
D
ANALOG
weut (17
3
ULTRA-FAST 15 LINE TO 48T DIGITAL
COMPARATOR 4 LINE STORAGE
BANK DECODER REGISTER DATA
ANALOG (7o 2
GROUND
1

I 7

INTERNAL END OF
REFCRENCE CONTROL  |——{(5) CONVERSION
(€0C)
5
START
CONVERSION

TWO-STAGE DATA TRANSFER
REGISTER FOR ADC-UH8B

MsB
o |-MSB [ 15 13 15}—o
3 nas 1 12suusm'o
1
2 4 752 4 2—°
7 77—
Mema |° s 5
ADC-UH8B 6
13 |BT5 B 9 1Bl—o
g s
15 4 Bl
16 5 71—
LSB LSB

ADC-UH4B TIMING DIAGRAM

WIDTH

€oc (nom A "
1 CONVERT p—
1 n1 n WIDTH
-

ADC-UHSB TIMING DIAGRAM

STMI'I’.r I n 1?2 I

[
'W—ﬁmm MIN, —d
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EOC ! LAl . I ” l J 3 L
l n
| o %605 __|
o LALIIR
140 n sec TYP. 100ns MIN. ——=}
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4MSB'S N/A x n n n x
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8BIT CONVERSION RESULT __3 ! 15ns
PRESENT AT OUTPUVS_.‘ I.-MIN.

ST SRR
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. SHM-UH3 AND ADC-UH8B CONNECTION

-5V +5V
NOTE: OPTIONAL L
INPUT PROTECTION —15V 18V +V -8V
SHOWN 4 = END OF
CONVERSION
IN4148 x 17 20 19 2 1 10 6 >——0 msB
ANALOG DIGITAL
INPUT 0—AAA—8 2 SHMUHZ 15 ADC-UH l OUTPUT
2000 }(—7 | DATA
16 7
o—Jm U{d |
ANALOG 5 2 8 5 S 8 7 O LS8
GROUND _[_ l I —J_
14— +5vDC Convenr TRV
+35V SN745140
Bnsec |9 10 12 13 7 1L
ov
TYPICAL SAMPLE =
CONTROL PULSE SAMPLE
CONTROL
INPUT

ADC-UH8B/SHM-UH3 TIMING DIAGRAM

! 190nsec. mi -!
SAMPLE HI
CONTROL #1 #2
Lo
f s“"l COMPARATORS
LATCH

INITIATE

HI CONVERSION

START l

CONVERT 50nsec min #1 #2 43
Lo

[abr

40nsec @in
1401 —!
HI CONVERSION #1
END OF COMPLETE
CONVERSION l #1 I‘ #2
Lo -
| |‘f45nsec—>
— 40 | 100nsec. min:
HI
NS DON'T CARE < # #2
Lo
== s
{e—— 15nsec min
8 BIT CONVERSION RESULT AVAILABLE
Hi
osss DONT CARE ( " >__E
Lo \
CODING TABLES
ADC-UH8B CODING TABLE ADC-UH8B2 CODING TABLE
CONVERTER  ANALOG INPUT STRAIGHT BINARY CONVERTER ANALOG INPUT OFFSET BINARY
SCALE VOLTAGE OUTPUT CODE SCALE VOLTAGE OUTPUT CODE
-F.S. + 1LSB -2.550V 11111111 -F.S.+1 LSB -1.270V 1111111
-%F.S. -1.920V 11000000 -% F.S. -0.640V 11000000
-% F.S. -1.280V 10000000 -1 LSB -0.010V 10000001
-% F.S. -0.640V 01000000 0 0.000v 10000000
1LSB -0.010V 00000001 +% F.S. +0.640V 01000000
0 0.00V 00000000 +F.S. +1.280V 00000000
ADC-UH4B2 CODING TABLE ADC-UH4B CODING TABLE
CONVERTER  ANALOG INPUT OFFSET BINARY CONVERTER  ANALOG INPUT STRAIGHT BINARY
SCALE VOLTAGE OUTPUT CODE SCALE VOLTAGE OUTPUT CODE
-F.S.+1 LSB -1.120V 111 -F.S.+ 1 LSB -2.400V 1111
-2 F.S. -0.640V 1100 -% F.S. -1.920V 1100
-1 LSB -0.160V 1001 -% FS. -1.280V 1000
0 0.000V 1000 -% F.S. -0.640V 0100
+% F.S. +0.640V 0100 -1LSB -0.010V 0001
+F.S. +1.280V 0000 0 0.000V 0000

Printed in U.S.A. Copyright © 1979 Datel-Intersil, Inc. All rights reserved

ml | 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340

Santa Ana, (714)835-2751, (L.A.) (213)933-7256 ® Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490

>/ ﬂmuﬂ: * Houston, (713)781-8886 « Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055

® DATEL SYSTEMS SARL 602-57-11 » DATELEK SYSTEMS GmbH (089)77-60-95 e DATEL KK Tokyo 793-1031
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OJAaY=L, | 8Bit, 20MHz Video
> INTERSIL Analog-to-DlgltaI Converter
Model ADC-TVS8B

FEATURES

8 Bit Resolution

20 MHz Encoding Rate
Internal Sample Hold

ECL or TTL Interfacing
Hybrid Building Block Design

GENERAL DESCRIPTION

The ADC-TV8B is an 8 bit video analog
to digital converter employing a unique
new design concept. The circuit reali-
zation is based on a hybrid building
block principle using four specially
developed circuits: a 3-bit parallel de-
coded A/D, a 15 line (4 bit) D/A, an
ultra-fast sample-hold, and an ultra-

®e 6 ¢ o o

-

%
|
J

fast inverting op amp. These devices, MECHANICAL DIMENSIONS -INCHES (MM)
manufactured with thin-film hybrid
technology, are combined with other 7.50
digital and analog IC’s, in addition to (sm — S
passive components to construct the 7.00 le—0250 | 10.59

" ADC-TV8B. This building block prin- o o [T
ciple results in single circuit board ® hd e THIS SIDE é_ 3MM RF
construction in a compact, anodized FOR HEAT—1 I CONNECTOR
aluminum module only 7.5 x 4.25 x
0.875 inches (191 x 108 x 22mm). e ok Zg"g!%lﬁl%?én
Digital and power connections are (108) 195,3) : &% -
made through a 37-pin subminiature |
“D” connector and the analog input is P
a 3mm terminated coax connector. (
Ultra-fast 10,000 series ECL logic is ® ® L
used throughout the design, but there T APPED #4.40
is a choice of two external logic inter- & MOUNTING HOLES (4)
faces: ECL or TTL. There is a further
choice in analog input termination im-
pedances of 50, 75, or 93 ohms and INPUT/OUTPUT CONNECTIONS
analog input ranges of 0 to +1V, 0 to
+2V,0to +5V, £1V, £2V, or 5vV. PIN| FUNCTION PIN| FUNCTION PIN| FUNCTION
These choices are made by selecting " -
the appropriate converter model num- 1 |E.O.C. (ECL) 14 |BIT30UT 26 | POWER COMMON
ber. 2 [START CONV. (ECL){ 15 |BIT40UT 27 | -5V POWER
The time between conversions is 50 3 |START CONV. (TTL) | 16 |BIT50UT ** 28 | —15V POWER
nsec. maximum, giving a conversion : BITS .
rate of 20 MHz. The conversion delay, 4 |N.C. 7 out 29 |N.C.
or time from the start convert pulse to 5 | + 15V POWER 18 |BIT70UT** 30 |BIT10UT*
the time data is valid, is 65 nsec. for ' 6 | +5V POWER 19 |8 8ouT** 31 |BIT20UT*
the ECL version and 75 nsec. for the —= : "
TTL version. Linearity error is + ¥ 7 | POWER COMMON 20 |E.O.C. (ECL) 32 |BIT30OUT
LSB maximum, and there are no miss- 8 |POWERCOMMON |21 |START CONV. (ECL)|33 |BIT40OUT*
ing codes over the operating tempera- _ .
ture range. Temperature coefficient is 9 5V POWER 22 | TTL COMMON 34 | BITSOUT
+ 60 ppm/°C of full scale range. 10 | -15V POWER 23 | +15V POWER 35 | BIT6 OUT*
Power requirement is *15VDC and 11 |N.C. 24 | +5V POWER 36 | BIT70UT"
Oii‘g?n a:eéﬁerv;?t: acon:lﬁmoqtéo?- 12 |[BITiouT ** 25 | POWERCOMMON |37 [BIT8OUT*

ure range is {°]

70E‘C. 9 P 9 13 |BIT20UT** COAX CONNECTOR: ANALOG INPUT

*Output for ECL or TTL models.
**ECL outputs present on all models.

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, ADC-TV8B (Typical at 25°C, +15V and

X5V supplies, after 5 minutes warmup, unless otherwise noted.)

TECHNICAL NOTES

1. Note that there are two basic models of the ADC-TV8B:
MAXIMUM RATINGS one for ECL interfacing (ADC-TV8B1) and one for TTL
A"ﬁ'.'.’."ssi‘&"%'o‘ﬂﬁ"" +18v interfacing (ADC-TV8B2). The former is designed for
,_o’;,c Supply Voltage, - complementary series 10,000 ECL interfacing and can
pins 6224, 9827 .. .. ... ... +5.5v be conveniently used with ECL differential line drivers
ECLl Log::zlnpms. ov. _sv and receivers. The latter model uses standard TTL
pins 3 T y - interf vels.
TTL Logic Input, pin3....... + 5.5V terface levels o
Analog Input Voltage . ... .. +15v 2. The ADC-TV8B1 dissipates 16 watts while the ADC-
TV8B2, which draws slightly higher + 5V supply cur-
INPUTS' iagi ;
rent, dissipates 17 watts. It is recommended in general
Analog Input Range 2, unipolar 0to +1V, 010 +2V,0to +5V that one side of the package (see Mechanical Dimen-
:.“"ff"::::::::‘f'z'b'”"' stoﬂ;é if‘g’é :fhf:;’s sions) be mounted against a metal heat sink such as
s,‘:',', Conversion, ECL7 . . .... Complementary ECL 10,000 input chassis. Internal components are heat sinked to this
pulses, 15 nsec. min. Conversion side of the package and there are tapped #4-40 mount-
ggi':fg':gj on '&aggzgzedge- Negative ing holes for this purpose.
Start Conversion, TTL. ...... Positive going pulse, 15 nsec. 3. The analog input coax connector is a standard 3mm RF
i %g‘gr:“r::~i:‘gu’; fﬁ;’e;“;:ée connector (mating part, Sealectro Corp. part no. 51-
. . H “eyy
Conversion initiated on leading edge. 024'0030)' ;%en?haglnpge B%r;?tso the subminiature “D
connector i .
OUTPUTS' 4. Each power supply connection has two pins connected
Parallel Output Data, ECL ... 8 pins of oaralleléglfsb 000 in parallel. It is recommended that both of these pins
3‘;“‘;':&‘:"36% pu1l o,000. be used in all cases. There is no requirement to bypass
20 ECL loads ’ the power supply leads in most cases since this is
< 2nsec. done internally.
8 parallel lines of data, valid .,
af't)er E.O.C. pulse. Vout (“0") < +0.4 5. The ADC-TV8B does not require any external adjust-
Vout (“I") > + 2.4V ments. All adjustments have been made at the factory
;:::l?a ------------------ ?;I;'gads and after an initial 5 minute warm-up period, the unit
Skow: 'd:ilbbm:‘ ......... g"faigm binary will perform to specification.
Coding, bipolar® ........... tfset binary 6. The ECL model can be operated with a single start con-
End of Conversion, ECL. .. .. gzggz’;’;‘:mg:g;;?éﬁifo nsec. vert pulse applied to pin 2‘.)The complementgry input may
Loading .................. 20 ECL loads be used in addition to improve noise immunity. If the start
End of Conversion, TTL . ... .. 20 nsec. positive pulse after convert pulse, for either ECL or TTL versions remains HI
Woh Irﬁ'hl_dla'?s valid. longer than 35 nsec., the samplehold will remain in the
Loading .................. ! oads. hold mode for the duration of the start convert pulse.
PERFORMANCE
Resolution ................ 8 bits (1 part in 256)
LinearityError ............. + 12 LSB max. ORDERING INFORMATION
Conversion Delay, ECL. . . ... 65 nsec.
Conversion Delay, TTL .. .... 75 nsec.
Time Between Conversions .. 50 nsec. min. ADC-TVSB
Max. Conversion Rate . . . ... . 20 MHz T
Sample Hold Bandwidth .... 10MHz
Sample Hold AcquisitionTime 25 nsec. -
Aperture Uncertainty ....... <30 psec. A
Temperature Coefficient .... +60 ppm/°Cof FSRS LOGIC INTERFACE | |ANALOGINPUTZ*| | ANALOG INPUT *
MissingCodes............. None over oper. temp. range. VOLTAGE RANGE
Signal to Noise Ratio,
DCtoSMHz............. 50 dB 1 = ECL 10,000 A = 50 ohms 1= 21V
Long Term Stability ........ +0.15% per year 2= FTL B = 750hms 2= :t.zv
C = 93 ohms 3= +5V
, 4=0to +1V
POWER REQUIREMENTS  , 5,5c +0.75v at 200 mA . : 5=0to +2V
+5VDC 0.25V at 0.5A6 For other input voltage ranges 6= 0to 45V
-5VDC +0.25V at 1.5A and input impedances consult factory. —
PHYSICAL-ENVIRONMENTAL PRICING
gporann]g Tompoutur; Range 0°Cto70°C g5°C Model Logic Interface
torage Temperature Range . -55°C to + 85°
Relative Humidity . ......... Up to 100% non-condensing ADC-TV8B1 ECL
Slze........cooii.. 7.5x 4.25 x 0.875 inches ADC-TV8B2 TTL
191 x 108 x 21,9 mm. . . . .
Type Case Black Anodized Aluminum. lg%fgl\'/gg!nrgn%ag?n%ﬁoggg%ms are supplied with
Weight ................... 16 0z. (454 g. " '
9 (4549.) Sealectro 51-024-0000
NOTES: For extended temperature range operation the following suffixes
- ) are added to the model number. Consult factory for price and
1. ECL or TTL interface is determined by model number. delivery
2. Input ranges and impedances are determined by model number. '
3. Skew is defined as the maximum difference between times —EX -25°C to + 85°C operation
4. 8‘;;?,’;¥,ftd°,§’y":u°m".‘,gﬂ°' -EXX-HS ~-55°C to +85°C operation with hermetically
5. Full scale range, or the difference between high ahd low ends sealed semiconductor components.
of the input range.
6. For TTL model this current is 0.7 A. THE ADC-TV8B IS COVERED BY GSA CONTRACT
7. Use of pin 21 for complementary drive is optional.
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g BLOCK DIAGRAM

8T CONV. ,, o 1e0.C.
sr( g(')-"w 2DO<1>—' DELAY DELAY DELAY |—| DELAY
{ECL) —o 20 E0.C.
ST. CONV. 5
{TTL)
UNITY GAIN
BUFFER
ANALOG
INPUT ULTRA
N FAST
SAMPLE
HOLD
ULTRA-FAST| 4BIT + 4BIT
-4 = INVERTING L 4BIT
= INVERTI PARALLE $ BT - PARALLEL
l < l 8 BIT REGISTER
7 82%2% 523 1028 624 8z 30 12 31 13 32 14 33 15 34 16 35 17 36 18 37 19
menoum) POWEH +15VDC ~16VDC +5VDC —5VDC BIT1 1 22334456566 7 7 88 ECLDATAOUT
1 2 3 4 5 6 7 8

START
CONVERT
(TTL pin 3)

TRACK 2] HOLD 2 ITRACKSl HOLD 3 |TRACK4| HOLD 4

START
CONVERT 1 2
(ECL.pin2)
[— 35nsec.
SAMPLE
HOLD | HOLD 1
i —]
|
E.O.C. L .
(ECLORTTL) | Gonsec. |

lc—-— 20nsec.

[-]

OUTPUT
DATA

XX><><><><><XXX DATA VALID 1 X DATA VALID 2

8

e e

*75nsec. for TTL outputs.

DESCRIPTION OF OPERATION

The ADC-TV8B A/D converter employs a two step parallel
conversion technique illustrated by the block diagram and
timing diagram. Each of the 4 bit parallel A/D converters
shown is made up of two 3 bit hybrid expandable A/D’s.

The analog input comes from a terminated RF connector
to an ultra-fast-inverting op amp which scales the input to
the desired level for the sample-hold and A/D converter. A
conversion is initiated by an input start convert pulse
which begins a timing sequence determined by 4 ECL
digital delay circuits. The first delay causes the sample-
hold to go from the tracking mode to the hold mode for
about 35 nanoseconds. The output of the sample-hold is
buffered and goes to the first 4 bit A/D where the 4 most
significant bits are converted and decoded into binary

form. This A/D simultaneously drives a 4 bit D/A by
means of a 15 line output.

The D/A output is subtracted from the buffered sample-
hold output and the analog remainder goes to the second
4 bit A/D which converts the 4 least significant bits into
decoded binary form. The last delay circuit puts out a 20
nsec. pulse indicating that data is ready at the output of
the 8 bit register.

The delay for a conversion is 65 nanoseconds for ECL
outputs and 75 nanoseconds for TTL outputs. This is the
time measured from the leading edge of the start convert
puise to the trailing edge of E.O.C. (or status) pulse. The
time between successive conversions, however, is only 50
nanoseconds max. giving a conversion rate of 20 MHz.
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APPLICATIONS

ECL SERIES 10,000 INTERFACING TTL INTERFACING
DIFFERENTIAL DIFFERENTIAL
LINE DRIVER LINE VERS 5140
%OOC 21 §T. CONV. (ECL) % o
2 ST. CONV. (ECL) 12 8IT1 » BT
31 )OOC)OO% BIT2 St
" %N%T’ml.se 50-0MM ) 31 f——o0 BIT2
2 X)OOCX)% BIT3 LINE DRIVER
14 b——-o0 BIT3
£
,5Mslro Bl—o0 BIT4
ADC-TVEB1 - ADC -TV8B2
16%8”5 Uf——o0 BITS
?? W BIT6 B0 BITE
TERMINATED COAX TERMINATED COAX
NI 2POOOCOO 3= e e B[—o ur7
50,75, OR 9392 8 50,75, OR3Q
37 37f——o0 BITS
120 19 )OOOOOQ X—srs © .
DIFFERENTIAL l
LINE RECEIVER
SIGNAL
sionaL =5 SOURCE EOC. EO.C
1 £0.C. -
NOTE: START CONVERT CONNECTION TO PIN 21
IS OPTIONAL FOR IMPROVED NOISE IMMUNITY.
CODING TABLES
UNIPOLAR MODELS BIPOLAR MODELS
INPUT VOLTAGE RANGE INPUT_ ANGE
Scale Oto +1V | Oto +2V | Oto +5V | Output.Code Scale t1v tav t5v Output Code
+FS -1LSB | +0.996V +1.992v +4.998V 1111 1111 +FS -1LSB | +0.992v +1.984 +4.961V 1111 1111
+%FS +0.750 +1.500 +3.750 1100 0000 + 2FS +0.500 +1.000 +2.500 1100 0000
+ %2FS +0.500 +1.000 +2.500 1000 0000 ZERO 0.000 0.000 0.000 1000 0000
+ %FS +0.250 +0.500 +1.250 0100 0000 -%FS -0.500 -1.000 —-2.500 0100 0000
+1LSB +0.004 +0.008 +0.020 0000 0001 -FS+1LSB | -0.992 —-1.984 —4.961 0000 0001
ZERO 0.000 0.000 0.000 0000 0000 -FS -1.000 —2.000 —5.000 0000 0000

DIGITIZING VIDEO SIGNALS

The most widely used digital standard found in digital
video circuits involves an encoding rate based on 8
bits/sample at a sample rate of 3X or 4X the subcarrier.

The ADC-TV can meet orexceed these conversionrates.

( COLOR SUBCARRIER | 3X 4X

STANDARD | FREQUENCY (MHZ) | (MHZ) | (MHZ)
NTSC 3.58 10.74 | 14.32
PAL 443 13.29 | 17.72

For a NTSC or PAL signal, the subcarrier can extend
from — 33 to + 133 IRE units, reference blanking level.
Keep in mind that 1 IRE = 7.14 mV. To calculate the
least significant bit (LSB) size, the following formula
applies: 166

1 =——=. i . .
LSB 256 648 IRE units on 4.63 mV.

where 166 IRE is the full scale range* and 256 is the
number of steps in an 8 bit A/D.

Differential linearity is the maximum deviation of an
actual bit size from its theoretical value for any bit
over the full range of the converter. If the differential
linearity is 1 LSB or greater, missing codes will appear
on the A/D output. The ADC-TV is guaranteed not to
miss codes over the entire operating temperature
range.

*The ADC-TV can be supplied to this input range.

THERMAL MANAGEMENT

Circuit performance and long-term circuit reliability are affected by the junc-
tion temperature of the internal IC’s. Normally, both are improved by keeping
these junctions at a low temperature.

The ADC-TV has been designed to operate at case temperatures of 0 to 70°C.
It is recommended that the converter not be operated outside this range.

The average junction temperature is dependent on the amount of power
dissipation and the net thermal resistance between the heat source and a
reference point. In this case, we have already determined that the case tem-
perature is the reference point.

Controlled air flow over the case or a heat sink are effective means of reduc-
ing the ADC-TV’s temperature. An air flow of 500 linear feet per minute is
recommended especially when operating the unit with cooling air
temperatures up to 50°C. A heat sink should be mounted on the side noted in
the mechanical dimensions.

Care must be taken when mounting the device on a heat sink. To assure effi-
cient heat transfer from case to heat sink when mounting the ADC-TV, the
following special precautions should be observed:
1. Mounting torque should be between 4 and 8 inch-pounds.
2. The mounting holes should be kept small and free of burrs and ridges.
3. The mounting surface should be flat.
4. Thermal Joint Compound (Wakefield Engineering Type 120 or equiva-
lent) should be used.
5. A lock washer or torque washer, made of material having sufficient
creep strength should be used to prevent degradation of heat sink effi-
ciency during life.

S OAREL
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FEATURES

* 14 Bit Resolution

¢ 50 usec. Conversion Time

® Low Price )

« Unipolar or Bipolar Inputs

¢ 15ppm/°C Gain Temp. Coeff.

' GENERAL DESCRIPTION

The ADC-149 is a 14 bit successive approxima-
tion type analog to digital converter for OEM
use. It was specifically designed to give high
resolution and accuracy at moderate cost for
incorporation into precision instruments for
process control systems and test and measure-
ment systems.

This converter accepts either unipolar or
bipolar input voltages of 0 to —10V, 0 to —20V,
+5V, or 10V full scale by external pin
connection and performs a 14 bit conversion in
60 usec. Several output codes are available
including straight binary for unipolar inputs
and either offset binary or two’s complement
for Dbipolar inputs. Two’'s complement is
obtained by using the moutput pin. Reverse
coding sense is used with the most negative
analog input corresponding to full scale digital
output. A serial data output is also provided
and has a nonreturn-to-zero (NRZ) format.
Logic outputs ate DTL/TTL compatible and
will drive 6 standard TTL loads.

The ADC-149 can resolve 1 part in 16,384
giving an operating dynamic range of 84.3dB.
On the 10 volt full scale range it can detect an
input change of less than 1 millivolt. Accuracy
is adjustable to +.005% of full scale +%LSB.
The temperature coefficient is held to a low
+15ppm/°C over the 0° to 70°C operating
temperature range.

This converter is encapsulated in a compact
© 2X4X0.8 inch module with DIP compatible pin
spacing for PC board mounting. It can be stored
from —55°C to +85°C. Power supplies required
are standard +15VDC and +5VDC. (Available
from Datel’s line of modular power supplies.)

The high resolution and accuracy of the
ADC-149 make it particularly valuable in
applications such as moderate speed data
reduction, and computer arithmetic processing
of analog inputs. Digitizing inputs from sensors
and transducers allows data transmission or
storage with drastically reduced degradation of
accuracy compared to analog methods. This’is
also vital for automatic process and alarm limit
computer control, and digital linearization of
logarithmic or special function analog inputs.

14 Bit, 50 Microsecond
Analog-to-Digital
Converter
Model ADC-149

REFERENCE (-6.2V)
PUT

ouT!
@

REFERENCE
SOURCE

DIGITAL/ANALOG CONVERTER P enENcE
awnnwon | [ LI
ANALOG PROGRAMMER (STATU!
GROUND I’
- RERERRERRENNED
CONVERT 1
cLock OUTPUT REGISTER
@ 2900000€
LOCK M5B1 2 34 567 8 91011121314 scmALoAu
TP ) LS8, OUTPUT
PARALLEL DATA OUTPUT
MECHANICAL DIMENSIONS INPUT/OUTPUT
INCHES (MM) CONNECTIONS
PIN] FUNCTION
1|17 1 (msB)
28T 2
3[8IT 3
alBIT 4
SIDE 5[8IT 6
0.800 (20, 4)
VIEW +0.010 3 :1; s
i [ o250 i ——g L
\-110 PINS 10[BIT 1
0.020 DIA 11[BIT 1
—|-+BIT1
13[BIT 1
— 2.000+0.015(50,8) 14BIT 14 {1 S8)
P | o|— 1.850 ' 15[BIT 1
H 8| 7'sPaces 16[NOT USED
° ° AT 0.100 ]
H H 17| +6V POWER
H H EACH 18] +15V POWER
e - ——————— —————— 8 ¢ |— 1.160 19| —15V POWER
8B/~ e 9 ¢§|— 0.850 20]_POWER GROUND
H BOTTOW 8| 7 SPACES 21| START CONVERT
e VIEW H ‘TE:;:O ["22[ cLock ouTPUT
4 . 23] SERIAL OUTPUT
- o) o0 [ 2a] _END OF CONVERT (STATUSI]
L ] NOT USED
P 3.800 1 NOT USED

NOTES:

fe———————————4.000 £ 0.020

(101, 6)

.—‘ 0.100

1. OPEN HOLES DESIGNATE WHERE PINS ARE OMITTED

REFERENCE OUTPUT
REFERENCE INPUT
OFFSET INPUT

ANALOG GROUND

ANALOG IN (0 to +10, 5V)

32| ANALOG IN (¥10V)

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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TIMING FOR ADC-149-14B

SPECIFICATIONS (Typical @ +25°C unless noted)

o p o e, FoROUTUTORemodso ..
INPUTS o] .
Analog Input Range . .. ... 5V FS, 10V FS o -
(single-ended input 0to -10V FS, 0 to -20V FS toc! e -
referenced to ground) 200 m 4 susec o o
sl b iy | H

Input Overvoltage . . . . .. .. £15VDC without damage to unit.
InputImpedance ........5K Ohms(+5V and 0 to -10V FS I

range) P YT
10K Ohms (+10V and 0 to —20V FS ossf;ct: : :,ﬂ;u‘,:m 2183 ey 4::.75:::"5::.7vlmn:mvs:mv-o:mn!um;‘. Tl ey
range) ot b .
- T i

Start of Conversion . . . .... +2.5V min. to +5.5V max. positive 2 M——l : [—
pulse with 150 nsec. min. duration. 3 | i -
Loading: TmA o< mral I_L [
Logic 1" resets converter H | I
Logic *0” initiates conversion < et

“IN SERIAL OUTPUT, A LOW INDICATES 1" AND A HIGH INDICATES "0"

OUTPUTS OUTPUT DIGITAL CODIN
Parallel Qutput Data . . . ... 14 parallel lines of data held until the ODING
next conversion command. BIPOLAR UNIPOLAR
Vout (Logic “0") < +0.4V arsion
Vout (Logic “1") = +2.4V Anaiog nput 74 Complement Input
Each output capable of driving up to Renes Ottt Binary WS Output) Fare Stremht Bunary
6 TTL loads. BVFS | :10vFS | mse ts8 | mss tse | oves | mse Lss
Coding ...............Straight Binary (Unipolar Input) +5.0000 | +10.0000 | 00000000000000 | 10000000000000 00000 | 00000000000000
Offset Binary (Bipolar Input) 125000 |+ somo | 0100000000000 | 1000000000000 | 0006 | 0000000000000
. . +0. + 0. 1 111111 (AR EERRREE] 5000 01000000000000
TyvoscomPIQM_e_M_(B'pOIar 'nPUt)_ 00000 00000 | 10000000000000 | 00000000000000 | 50000 { 10000000000000
Pin 15 provides MSB output for this -25000 | - 50000 | 11000000000000 | 01000000000000 75000 | 11000000000000
coding (Reversecodingsenseused) -4.9994 - 99938 ARRRRARERRERER} LARRRERRRRRRER! -9 9994 \RRREREERERRRR
" . I NOTE: *Raverse coding sense is used with the most tive ansiog input corresponding to full scele digital
Serial Qutput .. . ........ NRZ successive decision pulse output cutgut, Normel coding sense cen b obtained by uiing an external inverting smpltier. Or complementery

generated during conversion with binery can be used by adjusting for & 1 LSB offset.
MSB first. LO = 1", HI = 0"

Straight binary or offset binary coding

GAIN & OFFSET ADJUSTMENTS

End of Conversion ....... Conversion Status Signal b S
Vout (Logic “0”) < +0.4V conver- ' L L
sion complete sy E E 10
Vout {Logic 1) > +2.4V during s
reset and conversion period. o

Clock ................Internal clock output, positive going

3 microsecond pulse. Loading up to
6 TTL loads. -1V

*1MQ provides <60 LSB offset
2MQ2 provides :30 LSB offset =~

unipoLar (O 't° 128‘\’/)
0 -.

WIRING SIDE VIEW

NOTE Ail tnmming pots

re 100 ppm “C. 15 turn

Avaiabie from Dutel at
00 sach

BIPOLAR (£5V, %10V

PERFORMANCE Adj Procedure — Unipolar input Ad]uslmem Procedure — Bipolar Input
A Connec' a precision pulse generator to the "Start Connect a precision pulse generator to the “"Start
Convert'’ input terminal. See specifications for Convert” input terminals. See specifications for
Resolution .............. 14 Bits (one part in 16,384) pulse width and amplitude. pulse width and amphitude
. . +1 B. Connect a precision voltage reference source 1o B. Connect a precision voltage reference source to
Linearity Error . . ... .... *% LSB max. the appropriate analog input terminals. See 1/0 the appropriate analog input terminals. See 1/O
Temperature‘ Coefficient Connections. connections
of Gain +15ppm/°C Zero Offset Control Zero Offset Control
Tt *15pp Adjust the volitage output from the reference to Adjust the voltage output from the reference source
icien minus % LSB. Rotate the zero offset control until to plus full scale minus % LSB
Tem?eéatura C_oei;flcle t +10] /°C the LSB output (Least Significant Bit) flickers Rotate the offset control until the LS8 output {Least
of Zero Unipolar ...... +10ppm o between logic “zero’ and logic “‘one”* Significant Bit] flickers between logic ““zero™* and
Bipolar ....... +10ppm/°C logic “one’
. . .
5 i . .v.....B0usec. max. Full Scale Gain Control Gain Control
Conversion Time s Adjust the output from the reference source to fult Adjust the output from the reference source to
Throughput Rate ........ 20kHz scale minus 1% LSB. Rotate the gain control until minus full scale minus 1% LSB
. the LSB output (Least Significant Bit) flickers Rotate the gain control unul LSB output (Least
Power Requirements . ... .. +15VDC +0.5VDC @ 80mA max. between logic “zero’” and logic “‘one"". Significant But) flickers between logic “zero™ and
logic “one”’

+5VDC +£0.25 VDC @ 200mA max.

TRIMMING OF 3 MOST SIGNIFICANT BITS (INTERNAL)

TM three mmmmc pouvmmlln on m. side of the module are for periodic sdjustment of the three most

bits. N of thess trims is necessary since they are calibrated st the factory st
28°C. Should uodwmmm be required for optimum sccuracy 8t 8 dnﬂom\t temperature or to compensate
periodically for long term drift, the shoulid be carefully

PHYSICAL-ENVIRONMENTAL

Operating Temperature

1. Adjust external offset and gsin a8 sbove.
Ra“w LR R A 00 Cto +70°C 2 Rudim't external ol:n trim and then bits 3, 2, and 1 in accordance with the table below. Adjust so that the
_ER° o output flickers equally betwesn the two codes shown,
Storage Te’np.er.a“"‘e Range 55°C 10 +85°C 3. Readjust external zero or offset and gain.
Relative Humidity ....... Up to 100% non-condensing 4. Repest steps 2 and 3 83 necessary.
Size ......... Ce .. 2'WX4A7LX0.8" H
) . ¢ input Voltage Output Code Adjustment
Pins .......... e 020" round, gold plated, 0.250”
long min. Unipolar (0 to -10V) Bipoler (:5V)
Cas.e Material . .......... Black Dially! Phthalate per MIL-M-14 _0.625V -1/2 LSB 44,375V -1/2 LSB 00010 .. . 01 Gain Trim
Weight . .............. 8 oz. (-0.62531V) (+4.37469V) 00010 ... 00
Mating Sockets .. ....... DILS-2, 2 required @ $6/pair -1.25V-1/2 LSB 42,75V <1/2 LSB 00100 . .. 01 Trim #3
(-1.25031V) (+3.74969V) 00100...00 {Bit 3)
=25V -1/2LsB +2.50V -1/2 LSB 01000...01 Trim #2
ORDER'NG 'NFORMATlON (-2.50031V) (+2.49969V) .01000...00 (Bit 2)
Model ADC-149-148 5.0V -1/2 LSB OV -1/2L88 01
. -5.0V - -1/2L 10000 .. . Trim #1
Mating Socket DILS 2 (~5.00031V) (~0.00031V) 10000 . . . 00 (Bit 1)

~ | EAINEL
D INTERSIL
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FEATURES

16 Bit Resolution

2 usec Conversion Time

+1, LSB Linearity

+5V Analog Input Range

500 kHz Throughput

Compact 5" X 3" X 0.375" Module

GENERAL DESCRIPTION

The ADC-876 is a 16 bit A/D converter with
a maximum conversion time of 2usec. This
ultra-fast high resoiution converter utilizes
the SABRE conversion technique, devel-
oped by Datel-Insersil (Successive Approx-
imation By Residual Expansion). Although
the potential for a unique combination of
high speed and high resolution is inherent in
this technique, realization of its potential re-
quires real design leadership. As a result,
this compact modular A/D has a number of
key functions implemented as ultra-high
performance thin-film hybrid components. It
is these hybrid components that allow the
ADC-876 to achieve levels of performance
that would be impractical with discrete com-
ponents.

This converter accepts analag inputs over a
+5V range and completes a full 16 bit con-
version in 2 usec maximum, including all
set-up, settling and delay times, thus provid-
ing a true throughput rate of 500 kHz. The
conversion result is coded as complemen-
tary two's complement and is latched into
the TTL compatible outputs until the next
start conversion command.

The ADC-876 features =% LSB maximum
nonlinearity, = % LSB maximum differential
nonlinearity, offset drift of only +1 LSB over
therated operating temperature range and a
reference output tempco of +*5 ppm/
°C.The 16 bit resolution and +5V input
range yield a LSB size of 152.5 uV.

The converter is housed in a compact 5" x
3" x 0.375" black enameled steel module. A
34 pin AMP connector mounted at one end
supplies all interconnect points without ex-
tending case size. Each module is function-
ally complete, requiring only +15 VDC and
+5V supplies for operation, and has an
operating temperature range of 0 to +70°C.
For information on extended temperature
range and high reliability versions, contact
the factory.

[INTNERS

I— U

Ultra-Fast 16 Bit

A /D Converter
Model ADC-876

+16VDC

-15VDC  +5V

START

COM.  SIG.COM.

SIGNAL
INPUT

;—L-L_.L_.LJ

BUFFER

OUTPUT
AMPLIFIER

CONTROL
LOGIC

+

SOk

JA J START

|

(3) BIT16 (LSB)

(5)BIT15
(3) BiT 14

HYBRID
FAST

OCTAL

OLISH

10BIT
ADC

3-STATE
LATCH

(2) Bm2

OF:ial

(6) BIT10

REEEN

(8)BITO

ENABLE
IR s

Y

HYBRID

PRECISION

88IT
O/A

‘SABRE PROCESSOR

BIT8
B8IT7
BIT6
BITS
BIT4
BIT3
BIT2
BIT1(MSB)

OCTAL
3-STATE
LATCH

=3

I
Geboe

(25 REFERENCE OUT

MECHANICAL DIMENSIONS
INCHES
i— 4.500 {
® ® ol -
i — _1_‘{0_ ]
::“T 34 PikS "
INOVT\J\éO
. \@ ] —.L
: T
@ ChER
—-‘ 25 f-— 1 ﬁ;—l‘«.m
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PRELIMINARY SPECIFICATIONS, ADC-876

(Typical at :25'C 115 VDC, '5 VDC supplies, unless otherwise noted.)

INPUTS
AnaloginputRange .................. ... ..ol +5V
Inputimpedance .............. ..., 1.25KQ £20%
AnaloginputStepLoading .......................... +0.4mA’
Analog Input Source Step Load
RecoveryRequired .................. .. .. .. <30 nsecto 0.1%
<200 nsec to 0.005%, Fo +0.4mA Step Load
CommonModeRange .............................. +10mV
Common Mode RejectionRatio ..................... 40 dB, FOo< 10MHz
StartConversion ........... ...t +2.0V min. to +5.5V max. positive pulse.

25 nsec minimum duration if EOC is low when pulse is applied.
125 nsec minimum duration if EOC is high when pulse is applied.
Loading: 2 LSTTL loads

Enablelnputs® .. ... .. ... ...t Two inputs, one for bits 1 through 8 and one for bits 9 through 16
control the state of the three state data output registers to allow for
8 bit or 16 bit data bussing. Data is available within 17 nsec of a
low state input to the enable controls.
Loading: ¥, LSTTL load for each input.

OUTPUTS .

ParallelOutputData ................................ 16 parallel lines of data. Loading: 20 LSTTL loads in enabled state,
and £50uA max. in disabled state.

Coding ...........oi i Complementary 2's complement -

EOCOutput ......... ... Conversion Status Signal. Normally low, the EOC rises 50 nsec
max. after the rising edge of the start input and stays high during
conversion. The EOC falls 15 nsec max. after the new data has
been strobed intc the data output storage registers, Typ. 3 nsec
before data is available at outputs.

Loading: 9 LSTTL loads.

Reference Output,Voltage® ........................ +10.000V, £0.010V

,Jmpedance ...................... < 20Q, Fo<1MHz
JNoise* .......................... = 20uV RMS
PERFORMANCE

ConversionTime .............ccoiiiiiiiiiineennnnn. 2 usec

Resolution .......... . ... i i 16 Bits

Nonlinearity ........... .. ... ittt +Y% LSB

,Tempco ... ... . +1 LSB over Full Rated Operating Temperature Range.

Differential Nonlinearity ............................ +Y LSB

,JemMpeo ... ... e e +1 LSB over Full Rated Operating Temperature Range.
RelativeAccuracy ................cooiiiiiiiiii. +1% LSB
,Tempco ... ... . +1 LSB over Full Rated Operating Temperature Range.
OffsetErrorInitial ............. ... . ... .. ..., Adjustable to < ¥, LSB over a range of 50 LSB.
,Jempco,max. ...................c..u... +1 LSB over Full Rated Operating Temperature.
,Stability .......... ... . ... . . +10 ppm/1000 hrs.
,PSRR,max. ..., +5LSB/V.
GainErrorInitial ............. ... ... il Adjustable to ', LSB over a range of 50 LSB.
,Tempco,max. ..................ccuvi.... +1LSB, -25°Cto +70°C
. +25 ppm/°C, +70°C to +85°
,Stability . ... ... +25 ppm/1000 hrs
,PSRR,max. ...............oiiiiiiiit. +10 LSB/V
Reference OutputTempco .......................... +5 ppm/°C, -25°C to +70°C

+20 ppm/°C, +70°C to +85°C

PHYSICAL ENVIRONMENTAL
Operating Temperature Range

ADC-876 ..... ... 0°Cto +70°C
ADC-876-EX ....... ..., -25°Cto +85°C
ADC-876-EXX-HS ......................... -25>C to +85° C Hermetic Sealed Semiconductors
Storage TemperatureRange ........................ -55°C to +125°C
PackageType6 ..................................... Black enameled 25 gauge CR steel. 5x 3% 0.375 in. (127 x 76 x10 mm).
Weight ............... ...l e 6.5 0z (184G).
CoNNECIOr ... e e 34 Pin AMP # 1-86063-3 at one end of case (mating connector

supplied) supplies all interconnect points without extending case size.

POWER REQUIREMENTS

SupplyVoltage® ... .. ...t +15V £0.5V @ 187mA max.
-15V £0.5V @ 187mA max.
+5V £0.5V @ 472mA max.
-5V 0.5V @ 19mA max.

Power Dissipation,max ................. ... ... oL 8.4 Watts
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APPLICATIONS ’

INPUT BUFFER AMPLIFIER
200 +15VDC
. 20TURN . i
1.00K CERMET 1.00K .
VIN O AA—— AN —— AN —8 - - :
) 22K RCO7 INPUT/OUTPUT CONNECTIONS
lr—-—l
23% ST 330pF MOS
J01uF, +2.2uF
X7R I ITANT. ?&fKSETADJ' PIN FUNCTION PIN FUNCTION
== 20 TURN CERMET 1] Bit13 18 | Power Common
N 2] Bit12 19 | Power Common
22pF - -
2-7 ' 3| Bit14 20 |- Power Common
4] Bit 11 21 | REFERENCE OUTPUT
b—o0 -V )
(-3dB AT%KHI) 5] Bit15 22 | -15V
6 | Bit10 23 | START
7 | Bit16 (LSB) 24 | +5V
100K 8| Bit9 25 | ENABLE 1-8
01uF RNS55C Foc
X7R O1uF 9| EOC 26 | NC.
| Xm 10 | ENABLE 9-16 27 | Bit8
-7 11 | Common 28 | Bit1
*METAL FILM MATCHED T.C. <2ppm/°C -15VDC NOTE UM CAPACITORS 12 | +15v 29 | Bit7
(TR.W. # MAR-5 T 13 MATCHED) éﬁ'&ﬂﬁ%@é‘émea AD 13 | Power Common 30 | Bit2
gf;&%&fgﬂﬂlﬁ?ﬁgwmw 14 | Power Common 31 | Bit6
SUPPLY PINS 15 | Signal Input 32 | Bit3
16 | Power Common 33| Bit5
17 | Signal Common 34 | Bit4
CODING TABLE
ORDERING INFORMATION
NPUT " OUTPUT CODING MODEL DESCRIPTION
1 COMPLEMENTARY )
SCALE | yoLTAGE TWO’S COMPLEMENT ADC-876 iu/%e%;nﬁv g*tter
+F.S. -1LSB| +4.99985V 1000 0000 0000 0000
+9, FS +3.75000V 1001 1111 1111 1111 .
+1 FS +2.5000V 1011 1111 1111 1111 For information on extended temperature range
+1L88B +0152mv | 1111 1111 1111 1110 versions consult factory
0 0.00000v i 1 mio 1N THESE CONVERTERS ARE COVERED BY GSA
-% FS. -2.5000V 0011 111 1111 1111 CONTRACT
-3, FS. -3.75000V 0101 1111 111 1111
-F.S. +1LSB | -4.99985V 0111 1111 111 1110
-F.S. -5.00000V 0111 1M 1111 1111
SPECIFICATIONS NOTES:

1. At 14.7 MHz during first 1000 nsec of the conversion cycle.

2. For two state operation, tie both enable inputs to digital common. 0

3. For OmA <= Tref< 5mA.

4. BW=10MHz

5. The internal reference heater draws 14mA from the + 15V at +25°C decreasing at 2.5mA/°C and dropping to zero:
above +70° C. At turn-on, an inrush of 130mA to the heater decays to 15mA in less than 10 seconds.

6. Four 4-40 threaded holes are available on the bottom of the case. It is recommended that the user secure the case
to a .032 glass epoxy board or equivalent to help reduce the case temperature resulting from internal power
dissipation. Good thermal contact between the case bottom and the circuit board may be established by the use of
a silicone thermal joint compound such as Wakefield Type 120 or equivalent.
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OPERATION

Fig. 1 ’ — | Fig. 2

HIGH SPEED OPERATIONS DISPLAY

This sequence of photos shows the conversion
sequence of the ADC-876 SABRE technique. Fig-
ure 1 shows the converter operating over it's full
scale range at full conversion speed (2 usec/
conversion, max.). Figure 2 shows this expanded
to allow viewing bits 13-16, notice that the 4 least
significant bits begin to appear. Figure 3 is ex-
panded further to allow viewing the 4 least signifi-
cant bits. Please note for all these photos the major
carry is centered on the centeral vertical grid line.

Fig. 3

CONVERSION, MAXIMUM THROUGHPUT RATE

WO/AS

Fig. 4 shows the start conversion input trace at the
top with the EOC shown just below. The bottom
trace shows the 4 least significant bits of the
ADC-876 at full conversion speed.

Fig.4 ' 500nse¢/D|\)
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FEATURES

8 Bit Resolution

e Statistically Linearized Conversnon
e 121, Bit Linearity

e +15V Input Range
[ )
[ ]

L]

1.5 usec Conversion Time
Out of Range Indication

GENERAL DESCRIPTION

The ADC-881 is an 8 bit analog to digital
converter with an internal sample-hold. This
converter employs a stochastic distribu-
tional technique to enhance the statistical
(average) linearity by a factor of 11.2, thus
achieving a linearity error of only .0087%.
Systematic nonlinearities are scattered in a
pseudorandom fashion over the range of the
converter, thus appearing as noise rather
than nonlinearities. This result is particularly
desirable in applications that use the digital
output of an A/D converter to compile a his-
togram. The fundamental properties of any
non-distributive A/D converter cause class
widths within the histogram to vary from the
ideal, thereby artificially increasing or de-
creasing the frequency within discrete class
widths.

This ultra-linear A/D has a wide range of
applications in spectrum analysis, nuclear
research, vibration analysis, geological re-
search, sonar digitizing, medical imaging
systems, industrial testing and other signal
analysis applications.

The ADC-881 has an analog input range of
15V and will accomplish an eight bit sample
and conversion in 1.5 usec maximum. Out-
put data is coded as offset binary with an

over range output to indicate analog values

out of the converter’s range.

Additional specifications include a gain
tempco of 30 ppm/°C maximum, offset
tempco of 25 ppm/°C maximum, zero
crossing tempco of 10 ppm/°C maximum
and long term stability of £0.02%/year.

~

Each converter is a functionally complete

unit requiring only +15 Vdc and +5V power
supplies for operation. The device is pack-
aged in a compact 5" x 3" x 0.375" black
enameled steel module. For information on
extended temperature range versions con-
tact the factory.
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PRELIMINARY SPECIFICATIONS, ADC-881
(Typical at +25°C, :15 VDC and +5 VDC supplies, unless otherwise noted)

MAXIMUM RATINGS

PositiveSupply ............o i +18V
NegativeSupply ...t -18vV
LogiCSUPPIY ..o +7V
Digital Supply ... +5.5V
INPUTS
AnaloginputRange ............... ... o oo N % .
Analoginputimpedance .................... ... ..ol 14 KQ :
StartConversion ...................... i A pulse' 20 nsec to 80 nsec duration with rise and fall times less than 10

nsec. Logic "0" =0V to +0.8V. Logic "1" +2.0 to +5.5V. Conversion
commences on the leading edge of the pulse. Loading: 1 LSTTL load.

StartSelect ....... ... ... ... .. For positive start input pulses, set Start Select to a Logic "1" or leave
open. For negative start input pulses, set Start Select to a Logic 0" or
ground. .

OUTPUTS .

Parallel OutputData .................... RN 8 parallel latched data lines - 8 bits binary. V out "0"<+0.4V, V out
"1"=+2.4V. Loading: 5TTL loads

Coding ... e Offset Binary

EO C . e e Conversion Status Signal. High (V out “1" =+2.4V) from 32 nsec typical

after leading edge of Start Convert to 14 nsec typical after all data outputs
are valid. V out "0"<+0.4V.
Loading: 5 TTL loads.

EOC e e Conversion Status Signal. Complement of EOC.
Loading: 5 TTL loads
OverRange? ................. .. ..iiiiiiiiiiiiiiiiinn.. Out of Range Signal. High (Vout "1"=+2.4V) for all Signal Input values

within £5V, Low (V out "0"<+0.4V for all Signal Input values beyond =5V.

PERFORMANCE
ConversionTime3, max. ............cooiuiiiiiiiiinninnnann. 1.5 usec
Resolution ......... ... . ... 8 Bits
IntegralLinearityErrord ............ ... ... il 0.0087% of FSR
Ditferential LinearityErrord ............... ... . ... . ... 0.0087% of FSR
Noise (RMS)S ... ... . e s 0.2% of FSR
GainError ... ... Adjustable to zero
OffSetError ... ...t e Adjustable to zero
GaiNn TeMPCO, MAX. ...ttt tiiiiae it ieiieeaanaans +30 ppm of FSR/°C
Offset Tempco,max. .............oiiiiiiiiiiiiiieinnnennn +25 ppm of FSR/°C
Zero Crossing Tempco, max. . ........oouinineeeeennnnnnnn. +10 ppm of FSR/<C
LongTermStability ............... ... .. ... . i +0.02% / year

POWER REQUIREMENTS
AnalogSupply ... +16V £ 0.5V @ 130mA max.

B -15V + 0.5V @ 148mA max.

LOGICSUPPIY ..o +5V £0.25V @ 481mA max.
Power Dissipation,max. . ..............ooiiiiiiiiiien, 6.58 Watts.

PHYSICAL ENVIRONMENTAL
Operating Temperature Range

ADC-881 .. . e 0°Cto +70°C
ADC-8B1-EX ... . ... -25°Cto +85°C
ADC-881-EXX-HS ...... .. ... ... ... ... ool -25°C to +85°C Hermetic Sealed Semiconductors
Storage TemperatureRange ............................... -55°Cto +125°C
Package Type ...... ... ... ittt Black enameled 25 gauge CR steel. 5 X 3 X 0.375 in. (127 X 76 X 10mm).
Weight . ... . e 6.5 0z. (184Q).
CoNNECEOr .. ... i e 025" square pins, gold plated phosphor bronze. Mating connector —

supplied — is similar to AMP # 1-85930-1.

NOTES:

1. An alternate method for generating Start Input pulses is to drive the Start Input with a rising edge and the Start Select with a falling edge
delayed 20 nsec to 80 nsec.

2. When the Signal Input is less than -5V, the Data Output lines are all "0". When the Signal Input is greater than +5V, the Data Output lines are all “1".
3. Conversion Time is measured from the leading edge of the Start Conversion input to the trailing edge of the EOC output.

4. The Linearity Error is the systematic error which remains after a sufficient number of samples have beenaveraged to suppress the noise.

5. The RMS noise value is reduced by the second root of the number of samples that have been averaged.

117C



Fig.1 The output of a non-linearized 8 bit A/D converter is shown above. The
display shows the 4 least significant bits at the major carry transition, de-
monstrating differential nonlinearity. This is a property of all non-
linearized A/D converters. (The unit used for this example is a typical
non-linearized A/D with 15 LSB of integral linearity and +'5, LSB of dif-
ferential nonlinearity).

INPUT/OUTPUT CONNECTIONS
| PIN| FUNCTION _[PIN| FUNCTION
1 | OVER RANGE 18|NC
2 |BIT4 19|NC
3 | START SELECT 20|NC
4|BIT3 21| Digital C
5 |START in 22| Digital C
6 |BIT2 23| +5VDC
7 |EOC 24|+5VDC
8 [BIT1(MSB) 25(+15VDC
9 |[EoC 26| +15VDC
10 |BIT 8 (MSB) 27| Power C.
11|NC 28| Power C
12|BIT7 29| -15VDC
13|NC 30| -15VDC
141BIT 6 31| Signal Common
15|NC 32| Signal C
16|BIT 5 33| Analog Input
17|NC 34| Signal Common
ORDERING INFORMATION
OPERATING
MODEL TEMP. RANGE
ADC-881 0to +70°C
For information on extended temperature range and
high reliability versions of this product, contact factory.
THIS PRODUCT IS COVERED BY GSA CONTRACT.

Fig.2 Theoutputofa linearized 8 bit A/D shown for the 4 least significant bits at
the major carry. Notice the improvement in differential nonlinearity. This
photo shows the effect of averaging multiple conversions performed with
the linearizing technique employed in the ADC-881.

The ADC-881 employs a statistically linearized conversion tech-
nique that yields unique advantages in many applications. This
technique uses a fundamental property of all A/D converters, dif-
ferential nonlinearity, in a pseudo-random distributional tech-
nique to yield a converter with an “ideal” transfer function. This
technique scatters the effects of systematic nonlinearities over
the full range of the A/D in pseudo-random (a random sequency
of finite length) fashion. The average transfer function, taken over
the full range of the pseudo-random sequence, has extremely
good integral linearity and minimal differential non-linearity. The
trade-off appears here as “noisy” codes, this is the result of distri-
buting systemic non-linearities over a wide range. Noise may be
suppressed by repeated sampling of the data since the average
value of true random noise is zero. The RMS noise value of the
data is reduced by the second root of the number of samples less
one that have been averaged.

Since this converter’s extreme linearity is realized in an average
transfer function, it follows that averaging a larger number of con-
versions will improve linearity. This is true, with maximal linearity
resulting as an average of all values within the pseudo-random se-
quence (127 random values). Since the ADC-881 has conversion
times of 1.3 usec typical and 1.5 usec maximum, this averaging
procedure will require between 165 and 191 usec (127 conver-
sions x conversion time). In applications where repeated sam-
pling is employed to reduce noise, this converter yields optimal
linearity when the number of samples averaged is an integral
multiple of 127 (this is inherent in the stochastic distributional
technique used).

The largest group of applications for this class of converters is in
areas in which recurring systematic nonlinearities have an ad-
verse effect on the distribution of acquired data values. This is
particularly of interest in situations where data is required to com-
pile a histogram (a frequency distribution of sample data into dis-
crete categories). The effects of converter nonlinearities cause
some categories to be artificially “widened” while others are “nar-
rowed”, thus increasing and decreasing, respectively, the fre-
quence of occurrence of data values within these categories. This
effect causes a non-linearized converter to yield a “converter dis-
torted” histogram. Until now many users had to resort to exten-
sive computational processing of digitized data simply to mini-
mize the effects of “converter distortion”. The architecture of the
ADC-881 obviates the need for this, allowing statistically valid
processing of analog data in real-time. Thus we see that the
ADC-881 is ideally suited for applications in spectrum analysis,
particle event monitors, fast signal processing, vibration analysis,
sonar digitizing, and a whole spectrum of imaging applications,
from medical imaging to industrial non-destructive testing.
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CONNECTION AND CALIBRATION

Fig. 3 Fig. 4
OFFSET AND GAIN CALIBRATION PROCEDURE

1. Connect A/D to external test circuitry shown in “Calibration 5. Set the precision voltage reference to +5V. Observe the cross

Connection” diagram with no power applied. plot as shown in figure 4. The last step should be centered on
the vertical grid line two cm to the right of center. Adjust gain
2. Apply power to the A/D converter and test circuitry and allow potentiometer as necessary to achieve this position.

them to reach operating temperature.
6. Repeat steps 4 and 5 until no further adjustment is required.

3. Observe A/D output as a crossplot on the oscilloscope. Cali- Repetition is necessary, as the oftset and gain adjustments in-
brate the axis gain for one cm per step and adjust crossplot teract. The following technique will minimize the number of
dither amplitude for 10 cm. Calibrate Y axis for an easily read adjustments. After the initial adjustment outlined in steps 4
cross plot. and 5, repeat step 4. At this point repeat step 5 but over adjust

the gain potentiometer so that the error displayed maintains

4. Apply a precision voltage reference set to —5V to the analog its initial magnitude but occurs in a direction opposite from its
input (pin 33). Observe cross plot as shown in figure 3. The original one, i.e., if the crossplot is 1.5 cm to the left of its de-
last step should be centered on the vertical grid line one cm to sired position, adjust the gain potentiometer so that the cross-
the left of center. Adjust offset potentiometer as necessary to plotis 1.5 cm to the right of its desired position. Repeat steps 4
achieve this positioning. and 5, the crossplot should now show perfect position.

CALIBRATION CONNECTION

15V
+15V A +5V
25,26
y TO 'SCOPE

27.28 HORIZONTAL (X)

29,30 \J7 INPUT

23,24 PWR -

. 7AVL 3.9V
21,22 o
47 |10ms|
SIG DIG DITHER GENERATOR

33 INPUT .
+5V PRECISION
VOLTAGE SOURCE

ADC-881
31,32,34 SIGNAL
20K % COMMON

12 BIT7RC07 10X 'SCOPE PROBE si6

TO 'SCOPE
»  VERTICAL (Y)
INPUT
50ms
START BNC

5 INPUT R JL_& _ PULSE

GENERATOR
51 ' 2us I
Q
RCO7
DIG
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Digital-To-Analog

Converters
DAC-IC8B 134C
DAC-IC10B 138C
DAC-UPSB 142C
DAC-08B 146C
DAC-681 150C
DAC-7520, DAC-7521 154C
DAC-7523 160C
DAC-7533 164C
DAC-7541 168C
DAC-HA 174C
DAC-HF 180C
DAC-HK 184C
DAC-HP 188C
DAC-HZ 192C
DAC-DG12B 196C
DAC-HI 200C
DAC-HR 204C
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Quick Selection:

DESCRIPTION RESOLUTION

LINEARITY OUTPUT

‘General Purpose D/A Converters

SETTLING
TIME, MAX!

INPUT
CODING?

DAC-IC8BC Low Cost 8 bit , .
1
o DAC-IC8BM Monolithic D/A 8 Bits +% LSB Current 300 nsec Bin
Y | DAC-08BC Fast 8 bit . .
E DAC-08BM Monolithic D/A 8 Bits +1, LSB Current 150 nsec Bin
— | DAC-UP8BC 8 Bit Monolithic . .
EJ) DAC-UPSBM with Input 8 Bits t1, LSB Voltage 2 usec Bin
4 Register
O | DAC-IC10BC Low Cost Fast +1LSB
= | DAC-IC10B 10 Bit Monolithic | 10 Bits Current 250 nsec Bin
] DAC-IC10BM D/A +, LSB
DAC-681C . L . +v% LSB .
DAC-681M 12 Bit Monolithic | 12 Bits 7, LSB Current 400 nsec Bin
DAC-HZ12BGC | Low cost with
DAC-HZ12BMC | 5 Pin selected . .
a [DAC-HZi2BMR | Output Voltage 12 Bits +1, LSB Voltage 3 usec C Bin
| DAC-HZ12BMM | Ranges
m | DAC-HZ12DGC | Low cost with
2= [DAC-HZ12DMC | 3 Pin selected .
I DAC-HZ12DMR | Output Voltage 3 Digits *, LSB Voltage 3 usec BCD
DAC-HZ12DMM | Ranges
NOTES:

1. For full scale output change to rated accuracy.

2. CODING: Bin = Straight binary or offset binary.
BCD = Binary coded decimal.
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OUTPUT

GAIN

POWER

PACKAGE

OPERATING

PRICE

RANGES TEMPCO  REQUIREMENT TEMP (°C)  (1-24)
B 3 - 16 pin ) 0to+70 |$ 3.50
0to —2mA 20 ppm/°C | +5V, —15V DIP Cerdip 55107125 1§ 9.50 134C
_ o 16 pin Plastic 0to+70 $ 450
Oto—2mA | 10ppm/°C | +15VDC DIP Ceramic | 5510 ¥125 | § 70.50 146C
. Plastic 0to +70 $ 13.00
+ ° +
+5V, 0 to 10V | 80 ppm/°C | +15VDC éle;,)m Cardip e Tot125 S 26.50 142C
16 pin $_9.95
0to —4mA 20 ppm/°C | +15VDC DIP Ceramic 0to +70 $ 16.95 138C
~E5t0 125 | $ 32.50
010 —5maA, o 510 F15V, 24 pin ) Oto+70 |$ 24.50
+2.5mA 10ppm/*C | 45y DIP Ceramic ~E5t0 +125 | $152.00 150C
0to +5V 24 pi Epoxy Seal 0to+70 $ 42.00
0to +10V o f'” . 0to+70 | $ 59.00 192G
+2.5V, 45V | 20 ppm/°C | +15VDC Dfpam'c Hermetic |—25t0 185 | $ 79.00
+10V Seal 5510 +125 | $125.00 ~
24 bi Epoxy Seal 0to+70 $ 42.00
0to +2.5V Cef;" . Oto+70 | $ 59.00 192G
0to +5V 20 ppm/°C | £15VDC oI mic Hermetic |—25t0 485 | $ 79.00
0to +10V Seal 5510 +125 | $125.00 *

*Available with MIL-STD-833 class B screening.

THESE PRODUCTS ARE COVERED BY GSA CONTRACT
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Quick Selection:
General Purpose D/A Converters

P

SETTLING INPUT
DESCRIPTION RESOLUTION LINEARITY OUTPUT TIME CODING?

DAC-98BI2 8 Bits , Bin
DAC-98DI? Low Cost 2 Digits | _BCD
DAC-98BIR \I,_vcthVﬁ ﬁ]ct)st 8 Bits > LSB Current 500nsec Bin
DAC-98DIR | Ref. 2 Digits BCD
DAC-198B Voltage 8 Bits ‘ Bin, 2C
DAC-198D Output 2 Digits "~ % LSB Voltage | 20 usec BCD
DAC-198BI Current 8 Bits Current | 300 nsec Bin
. |DAC-198DI | Output 2 Digits BCD
é‘c: DAC-298B ?/éﬁgge 8 Bits 1, LSB Voltage | 5 usec Bin, 2C
j DAC-298D | Output 2 Digits BCD
g DAC-4910B Voltage or 10 Bits Voltage 5 usec ) Bin, 2C
o DAC-4910Bl ' Cuyrrent 10 Bits 1% LSB Current 300 nsec Bin
s |DAC-4912D | Output | 3 Digits | Voltage 5 usec BCD
DAC-4912DI 3 Digits Current 300 nsec
DAC-69128 | [oltage or 12 Bits Voltage | 20 usec Bin, 2C
DAC-6912Bl | Output > LSB Current 300 nsec Bin
DAC-I8B 8 Bits
DAC-110B 10 Bits Bin
DAC-112B Fast 12 Bits %, LSB Current 150 nsec
DAC-18D Settling 2 Digits BCD
DAC-112D 3 Digits

NOTES: 1. Coding: Bin = Straight Binary or Offset Binary
BCD = Binary Coded Decimal
2C =Two’s Complement
2. These models derive their reference from the +15V supply.
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GAIN
TEMPCO

OUTPUT
RANGES

POWER
REQUIREMENT

PACKAGE

OPERATING PRICE

TEMP. (°C)

(SINGLES) PAGE

SEE

0to +2.6mA $ 30.00
0to +1.6mA 2x1x0.375 IN $ 30.00
0to +2.6mA 100 ppm/°C | +15V (51x25x10 mm) 0to +70 $ 32.00 )
0to +1.6mA $ 32.00
0to +10V, £5V $ 46.00
0to +10V 2x2x0.375 IN $ 46.00
0to +2.5mA 50 ppm/°C | £15V (51x51x10 mm) 0to +70 $ 46.00 .
0to +1.54mA $ 46.00
0to +10V, £5V 2x2x0.375 IN $ 52.50
0to +10V 50 ppm/°C | 15V (51x51x10mm) 0to +70 $ 52.50 *
0to +10V, +5V $ 66.00
0to +2.5mA 2x2x0.375 IN $ 66.00
0to +10V 50 ppm/°C | 15V (51x51x10mm) 0to +70 $ 66.00 )
0to +1.54mA $ 66.00
0 to +10V, £5V 2x2x0.375 IN $ 77.50
0to +2.5mA 50 ppm/°C | £15V (51x51x10mm) 0to +70 $ 77.50 '
0to +2mA, £1mA $ 82.50
2x1x0.375 IN $ 92.50
15 ppm/°C | 15V (51x25x10 mm) |  0to +70 $105.00 *
0to +1.25mA $ 82.00
* $105.00

*For Data Sheet contact nearest Datel Sales Office.

Datel offers modular products in operating temperature ranges of
— 2510 +85°C (suffix-EX)and —55to + 85°C (suffix-EXX-HS). For
information on these high reliability modules contact nearest
Datel sales office.

THESE PRODUCTS ARE COVERED BY GSA CONTRACT
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Quick Selection:
Multiplying D/A Converters

DESCRIPTION

RESOLUTION

LINEARITY

OUTPUT

SETTLING,
TIME, MAX1

DAC-7523C 4 Quadrant
DAC-7523R Multiplying 8 Bits +1, LSB Current 150 nsec
DAC-7523M D/A
DAC-7533C 4 Quadrant
DAC-7533R Multiplying 10 Bits +1, LSB Current 600 nsec
O [DAC-7533m D/A
T |DAC-7520C 4 Quadrant
= |DAC-7520R Multiplying 10 Bits +1% LSB Current 500 nsec
O |DAC-7520M D/A
(Z) DAC-7521C 4 Quadrant
s DAC-7521R Multiplying 12 Bits +2 LSB Current 500 nsec -
DAC-7521M D/A
DAC-7541C Low cost
DAC-7541R 4 Quadrant 12 Bits +1, LSB Current 1.0 usec
DAC-7541M Multiplying D/A
DAC-HA10BC Precision
DAC-HA10BR 4 Quadrant 10 Bits +1, LSB Current 1.3 usec
a DAC-HA10BM Multiplying D/A
o DAC-HA12BC Precision
m |DAC-HA12BR 4 Quadrant 12 Bits +1, LSB Current 5.0 usec
E DAC-HA12BM Multiplying D/A
DAC-HA12DC Precision
DAC-HA12DR Multiplying 3 Digits +1, LSB Current 5.0 usec
DAC-HA12DM D/A
DAC-HA14BC High Resolution
DAC-HA14BR 4 Quadrant 14 Bits +1LSB Current 7.0 usec
DAC-HA14BM Multiplying D/A
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REFERENCE

INPUT GAIN POWER OPERATING
RANGE TEMPCO REQUIREMENT PACKAGE TEMP (°C) PRICE (1-24) PAGE

Plastic 0to +70 $ 3.82
Bin +10V 10ppm/°C +15VDC Cerdip —25 to +85 $ 5.72
—55 to +125 $ 12.62
Plastic 0to +70 $ 13.57

Bin +10V 10ppm/° C +15VDC Cerdi —25 to +85 $ 18.07 164C
P [ “55t0+125 $ 45.07
Plastic 0to +70 $ 18.22

Bin +10V 10ppm/°C +15VDC Cerdi —25 to +85 $ 29.83 154C
P [ —55t0+125 $ 61.76
Plastic 0 to +70 $ 18.87

Bin +10V 10ppm/°C +15VDC Cerdi —25 to +85 $ 26.32 154C
P [s5t0+125 $ 76.83
Plastic 0 to +70 $ 27.12

Bin +10V 10ppm/° C +15VDC Cerdi —25 to +85 $ 36.08 168C
€rdiP ™55 t0 +125 $103.58
+5V 0 to +70 $ 30.00

Bin +12V 20ppm/°C or Ceramic | —25 to +85 $ 36.00 174C
+15V —55 to +125 *$ 69.00
+5V 0 to 70 $ 49.00

Bin +12V 5ppm/° C or . Ceramic | —25 to +85 $ 69.0C 174C
+15V —55 to +125 *$ 95.00
+5V 0to+70 $ 49.00

BCD +12Vv 5ppm/° C or Ceramic | —25 to +85 -~ $ 69.00 174C

+15V —55 to +125 *$ 95.00
+5V 0to+70 $ 65.00

Bin +12V 5ppm/° C or Ceramic | —25 to +85 $ 95.00 174C
+15V —55 to +125 * $125.00

*Available with MIL-STD-883 class B screening.

Datel offers modular products in operating temperature ranges of
— 2510 +85°C (suffix-EX)and — 55to + 85°C (suffix-EXX-HS). For
information on these high reliability modules contact nearest
Datel sales office.
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Quick Selection:
High Performance D/A Converters

DESCRIPTION

RESOLUTION

LINEARITY

OUTPUT

TIME

SETTL

INPUT
CODING?

‘DAC-HK12BGC
 DAC-HK12BMC
DAC-HK12BMR 12 Bits Y, LSB Bin
DAC-HK12BMM
0O DAC-HK12DGC Fast Settling
oc | DAC-HK12DMC Time with Input 3 Digits s LSB Voltage 3 usec BCD
@  DAC-HK12DMR Register :
T ' DAC-HK12DMM
DAC-HK12BGC-2
DAC-HK12BMC-2 12 Bits % LSB 2C
DAC-HK12BMR-2
DAC-HK12BMM-2
DAC-V8B 8 Bits
DAC-V10B Fast 10 Bits Bin
o | DAC-Vi12B ___| Voltage 12 Bits > LSB Voltage 2 usec
< | DAC-V8D Output 2 Digits BCD
= | DAC-V12D_ ' 3 Digits
q | . DAC-VR8B 8 Bits
O | DAC-VR10B Fast Voltage 10 Bits Bin
= | DAC-VR12B Output With 12 Bits % LSB Voltage 2 usec
DAC-VR8D Input Register 2 Digits \ BCD
DAC-VR12D 3 Digits
NOTES: 1. Coding: Bin = Straight Binary or Offset Binary

BCD = Binary Coded Decimal
2C =Two’s Complement
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OUTPUT GAIN POWER OPERATING PRICE
RANGES TEMPCO REQUIREMENT PACKAGE SEAL TEMP (°C) (SINGLES)
0 to +5V, Epoxy 0to +70 $ 59.00
0to +10V, 0 to +70 $ 75.00
+2.5V, +5V, Hermetic -25 to +85 $ 89.00
+10V * -55 to +125 $145.00
0to +2.5V, Epoxy 0to +70 $ 59.00
0to +5V, +5V 24 Pin 0to +70 $ 75.00
0to +10V |20ppm/°C +15V Ceramic Hermetic -25 to +85 $ 89.00 184C
DIP * -55 to +125 $145.00
0to +5V, Epoxy 0to +70 $ 59.00
0 to +10V, 0to +70 $ 75.00
+2.5V, +5V, Hermetic -25to +85 $ 89.00
+10V * -55 t0 +125 $145.00
0to +5V, $ 92.50
0to +10V, 2x2x0.375IN $115.50
+5V, +10V_| 20ppm/°C +15V (51x51x10 mm) 0to +70 $138.50 o
0to +5V, $ 92.50
0to +10V $138.50
0to +5V, $105.00
0to +10V, 2x2x0.375IN $128.00
+5V, +10V_| 20ppm/°C +15V (51x51x10 mm) 0to +70 $151.00 .
0to +5V, $105.00
0to +10V $151.00

*»For Data Sheet contact nearest Datel sales office.

* Available with MIL-STD-883 class B screening.

Datel offers modular products in operating temperature ranges of
— 2510 + 85°C (suffix-EX)and — 55to + 85°C (suffix-EXX-HS). For
information on these high reliability modules contact nearest

Datel sales office.

THESE PRODUCTS ARE COVERED BY GSA CONTRACT
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Quick Selection:
High Speed D/A Converters

SETTLING INPUT

DESCRIPTION RESOLUTION LINEARITY OUTPUT TyME MAX' ~ CODING?

DAC-HF8BMC
DAC-HF8BMR Ultra-Fast 8 bit | 8 Bits +% LSB Current 25 nsec Bin
o | DPAC-HF8BMM D/A
o DAC-HF10BMC
m | DAC-HF10BMR |Ultra-Fast 10 bit' |10 Bits *% LSB Current 25 nsec Bin
> | DAC-HF10BMM D/A
L "'DAC-HF12BMC
DAC-HF12BMR |Ultra-Fast 12 bit |12 Bits +% LSB Current 50 nsec Bin
DAC-HF12BMM D/A ’
w | DAC-HI8B 8 Bits
S DAC-HI10B Ultra-Fast 10 Bits +% LSB Current 25 nsec Bin
0 | DAC-HI12B D/A 12 Bits 50 nsec
O | DAC-DG12B1 Fast Deglitched ; 5 Bin,
S "DACDGI2B2 /A 12 Bits +% LSB Voltage 600 nsec 2C
NOTES:

1. For full scale output change to rated accuracy.

2. CODING: Bin = Straight binary or offset binary.
2C = Two'’s complement.
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D 8 D . ] . . R A DR
0 A PCO REQ ® PA a D DA
24 pin 0to+70 99.00
0 to +10mA, 20 ppm/°C +15VDC Ceramic DIP —25 to +85 $119.00 180C
+5mA Hermetic Seal 55 to +125 *$189.00
24 pin 0 to +70 $109.00
0 to +10mA, 20 ppm/°C +15VvDC Ceramic DIP —25 to +85 $129.00 180C
+5mA Hermetic Seal 55 to +125 *$209.00
24 pin 0to+70 $129.00
0 to +10mA, 20 ppm/° C +15VDC Ceramic DIP —25 to +85 $149.00 180C
+5mA Hermetic Seal 55 to +125 *$219.00
$115.00
+2.5mA, 15 ppm/° C +15VDC 2 x2 x0.375IN 0to+70 $138.50 200C
+5mA 20 ppm/°C (51 x51 x 10mm) $151.00
—10V, 5V, =10V o +15VDC 4x2x0.4IN $290.00
+5v,+10v | SO pPMSC +5V (102x51 x10mm)| 010470 I —e350.00 196C

*Available with MIL-STD-883 Class B screening.

Datel offers modular products in operating temperature ranges of
— 2510 +85°C (suffix-EX)and —55to + 85°C (suffix-EXX-HS). For
information on these high reliability modules contact nearest

Datel sales office.
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Quick Selectlon.
High Resolution D/A Converters

SETTLING
DESCRIPTION RESOLUTION LINEARITY OUTPUT TIME
DAC-HA14BC Multiplying ,
DAC-HA14BR CMOS 14 Bits 1LSB Current 7 usec
DAC-HA14BM
DAC-HP16BGC
DA Internal
O [DAC-HPIBBMC | oot ence 16 Bits 41SB
o |DAC-HP16BMR |
0 [DAC-HP16BMM and
E : Output Voltage 15usec
DAC-HP16DGC OP-Amp.
DAC-HP16DMC 4 Digits % LSB
DAC-HP16DMR
DAC-HP16DMM
DAC-169-16B 16 Bits 41SB ,
(7] Low Voltage® 30usec
; DAC-169-16D Cost 4 Digits % LSB
8 DAC-HR13B 13 Bits
s |DAC-HR14B Ultra-Low 14 Bits Y2 LSB e ]
DAC-HR15B Drift 15 Bits urrent usec
DAC-HR16B 16 Bits 1LSB
NOTES:
1. Coding: Bin = Straight binary or offset binary
BCD = Binary Coded Decimal
CBin = Complementary binary

CBCD = Complementary BCD

2. For + 15V supply option add suffix “ —
3. Can also be connected for current output. Current
outputis 0to +2mA or + 1mA for binary version and

0to —1.25mA for BCD version.
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POWER

OUTPUT GAIN REQUIRE- OPERATING PRICE
RANGES TEMPCO MENT PACKAGE TEMP(°C) (SINGLES)
: +5V 20 Pin Oto +70 $ 65.00
Bin +1mA 5ppm/°C | or Ceramic -25t0 +85 $ 95.00 174C
+ 15V? DIP -55t0 +125 | $125.00
Oto +10V 20 ppm/°C , 0to +70 $ 65.00
CBin +5V 0to +70 $ 82.00
15 ppm/°C 24 Pin -25t0 +85 $ 92.00
+15V Ceramic -551t0 + 125 $145.00 1860
20 ppm/°C DIP O0to +70 $ 65.00
CBCD O0to +10V 0to +70 $ 89.00
15 ppm/°C . -25t0 +85 $ 92.00
-55t0 +125 $145.00
0to +10V
Bin 0to - 10V, $126.00
£V 10ppm/°C | =15V 2 x2x0375in| 44, 170 ‘
BCD g:g f}% (51X51X10mm) $126.00
$290.00
CBin 0to —2mA . 4 x 2 x0375in $306.00
+1mA 1.5ppm/°C | 15V (102x51x10mm)| 010 +70 Tgzp109 | 204C
$347.50

*For data sheet contact nearest Datel Sales Office.

These products are covered by GSA contract.

Datel offers modular products in operating temperature ranges of
—25to +85°C (suffix-EX)and —55to + 85°C (suffix-EXX-HS). For
information on these high reliability modules contact nearest
Datel sales office.
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Low Cost, 8 Bit Monolithic
Digital-to-Analog Converters
Model DAC-IC8B

b,

FEATURES

o Low Cost

« 8 Bit Resolution

* Fast Settling—300 nsec.

¢ 1 or 2 Quadrant Multiplication
o 1%L SB Linearity

e DTL/TTL Compatible Inputs

GENERAL DESCRIPTION

The DAC-IC8BC,and DAC-IC8BM are 8
bit monolithic DAC's with fast setting cur-
rent outputs. The units are housed ina 16
pin ceramic DIP and require only an ex-
ternal reference and output amplifier for
fast voltage output operation. A full scale
output change settles in only 300 nano-
seconds for current output operation and
600 nanoseconds for voltage output op-
eration using a fast monolithic output
amplifier (Datel-Intersil's AM-452). Digital
input coding 1s straight binary for unipolar
operation and offset binary for bipolar
operation and is compatible with standard
DTL/TTL logic.

The DAC-IC8B converters consist of 8
fast-switching current sources, a diffused
R-2R resistor ladder network, a bias cir-
cuit, and areference controlamplifier. The

DIGITAL INPUTS

Lsa‘

2 3 6

@@

[T T

4 )OUTPUT
FAST CURRENT SWITCHES

[TTT 111

REFERENCE CONTROL
AMPLIFIER

DIFFUSED R-2R
LADDER NETWORK

diffused resistor ladder gives excellent

temperature tracking resulting in a gain +REF (14 *

temperature coefficient of —20ppm/°C. BiAs

The monolithic fabrication results in ex- _rer (15 - CIRCUIT

cellent linearity and tempco, fast output @‘Vcc

settling, and low cost. Linearity is =/%LSB.

An external reference current of 2mA
nominal programs the scale factor for the
DAC; this is done by means of an external
voltage reference source (such as Zener
diode) and a resistor. This reference cur-
rent can also be varied, resultingin one or
two gquadrant multiplying operation. The
output voltage can be unipolar or bipolar
depending on whether an external offset-
ting current (derived from the reference)
is used. Output voltage compliance of

COMPENSATION

-VEE GND RANGE
CONTROL

MECHANICAL DIMENSIONS

INCHES (MM)

INPUT/OUTPUT CONNECTIONS

the DAC is —0.6V to +0.5V; this can be 16 15 14 13 12 1 10 9 PIN FUNCTION -
made as large as —5V to +0.5V by ex- 1 RANGE CONTROL
ternal pin connection for cases where di- DATEL-INTERSIL 2 GROUND
rect voltage output from a load resistor is DAC-IC8BC g’;MAX 3 VEE
desired. . 4| OUTPUT
Power supply requirementis +5VDC and PINY 3456 718 5 BIT 1 IN (MSB)
IDENT.
-5V to —15VDC. Model DAC-IC8BC has 6 BIT 2 1IN
an operating temperature range of 0°Cto 7 BIT3IN
B e R Vil e i
pin compatible with industry standard de- = 190 ::T 5 I:
vices 1408L-8 and 1508L-8 respectively. TT—i 161
H““H 11_| BIT7IN
Hifa 12 | BIT8IN (LSB)
PLANE
_’I "”" o8 % 010 ,J\\A’ 13 | Ve
14 | + REFERENCE
15 — REFERENCE
16 | COMPENSATION

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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SPECIFICATIONS, DAC-IC8BC & DAC-IC8BM (Typical at 25°C,

Vcc= 5V, Vgg = —15V, and Iggg = 2mA unless otherwise specified)

TECHNICAL NOTES

ABSOLUTE MAXIMUM RATINGS

. The General Connection Diagram shows the basic connec-

Power Supply Voltage, VCC ................ +5.5V

EE « =+ +ccr e -16.5vV
Digital Input Voltage . . ... ............... +5.6V
Reference Current . . . . . . . . . .o v v i v i 5.0mA
Reference Amp:Inputs . . .. .. ............. +Vee! -Veg
Power Dissipation . . ... ... ... ... 1.0 watt
INPUTS
Resolution . . . ... ... .. ............... 8 bits

Coding, unipolar output
Coding, bipolaroutput . . . . . ... ... .. .......
Input Logic Level, bit ON (“1°°) . . .. ... ........
Input Logic Level, bit OFF (*“0") ... ...........
LogicLoading .. .......................
Nominal Reference Current (+ Ref.) . . . .. ... .....
Reference Current Range (+ Ref.) .. ... ........
Reference Bias Current (—Ref.}) ... ............

Straight Binary

Offset Binary

+2.0V to +5.5V @ 40uA
0V to +0.8V @ -0.8mA
1TTL load

2.0mA

G to 4.2mA

~3uMA max.

. There is a second method of connecting the reference

OUTPUTS
Output Current, IRgp=20mA ... ... ..... ....
Output Current Range, VEg=-5V .. ... ... ...
Output Current Range, VEE =-6to —15V
Output Current, allbits OFF . . . . . . .. ... . ... ..
Output Voltage Compliance, pin Tgnded . . . . . .. ...
Output Voltage Comp., pin 1 open, Vgg <-10V

2.0mA 10.1mA
0to 2.1mA
0to 4.2mA
4uA maximum
-0.6 to +0.5V
5.0V to +0.5V

. The reference amplifier must be externally compensated,

PERFORMANCE

Relative Accuracy' . . . . .. ... ... ... .. ......
Nonlinearity . . . . . . .. .. ... ... ... ... .....
Differential Nonlinearity . . . . . ... ... ........

+%1LSB (10.19%) maximum
+%LSB (10.19%) maximum
+%LSB (£0.19%)

. The Alternative Compensation Diagram shows another

Temp. Coefficientof Gain. . . . ... ............ -20ppm/’C

Power Supply Rejection (Vgg) ... ... ..o L. 2.7uA/V max.
Settling Time,2mAto %LSB . . . .. . ... .. ...... 300 nsec.
UpdateRate. . . . . . .. ... .. .............. 3.3MHz

Reference CurrentSlew Rate . . . . . . ... ........ 4.0mA/usec
POWER REQUIREMENT

VegVoltage ... ... ... L. +5VDC 0.5V
VegCurrent .. oL 22mA maximum
VggVoltage ... ... ... ... ... ......... -4.5V to -16.5VDC

Vgg Current

13mA maximum

PHYSICAL-ENVIRONMENTAL

Operating Temp. Range, DAC-IC8BC
Operating Temp. Range, DAC-1C8BM
Storage Temp. Range, either model . . . . . ... .. ...
Package . . ... ....... ... ... .. ..

0°Cto 70°C
~565°C to +125°C
-65°C to +150°C
16 pin ceramic DIP

"With zero and full scale adjustments made.

ORDERING INFORMATION

DAC-IC8B
___]_.

OPER. TEMP. RANGE
C = 0CcTO70C
M = -55"C TO+125°C

PRICES
DAC-IC8BC
DAC-IC8BM

Trimming Potentiometers: TP500, TP1K, and TP20K are available from

Datel-Intersil

The DAC-IC8BC and DAC-IC8BM converters are covered under GSA contract.

. The accuracy of the DAC-IC8B is specified for a reference

tions for the DAC-IC8B converter. The scale factor is set
by a reference current injected into pin 14, Pins 14 and
15 are the input terminals to the reference control ampli-
fier. When connected as shown, pin 15 is grounded
through Rqg and pin 14 is at virtual ground. Therefore,
the reference current is determined by the external volt-
age reference and R14: IREF = VREF/R14. R14 should
be a stable metal film resistor. Rqg is used only to com-
pensate for the input bias current into pin 15 (1 pA
typical) and can be shorted out with negligible effect.
R1s, if used, should be equal to R4 and may be a
carbon composition type. An IRgf of 2.0mA is recom-
mended for most applications.

shown in Two Ways to Connect Reference. A negative
reference can be applied to pin 15. In this case only the
bias current must be supplied from the reference since pin
15 is a high impedance input. Pin 14 is at the negative
voltage and IRgF still flows into pin 14. Again, Rqg is
used only to compensate for bias current and may be
omitted. There is an important requirement for this con-
nection: the negative reference voltage must always be 3
volts above VEE.

and this is done by capacitor C¢, connected from pin 16
to pin 3 (Vgg). Cc may also be connected from pin 16 to
ground, but connection to pin 3 improves the negative
supply rejection. The value of C; depends on R4, and
typical values are given in the compensation table. Com-
pensation is particularly important when the DAC-IC8B is
used as a multiplying D/A converter. Proper compensation
assures that output peaking does not occur when the
reference voltage steps to a new value. If pin 14 is driven
from a high impedance current source such as a transistor
collector, then much larger values of Cc must be used and
the bandwidth of the reference amplifier is significantly
reduced.

way of achieving the desired compensation. Here a 1.0K
resistor is always used at pin 14, but it is in series with
another R to the reference voltage. The junction of the
two resistors is bypassed to ground by a 0.1uF capacitor.
For high frequencies pin 14 always ‘sees’’ a 1K resistance,
thus allowing a 15pF capacitor for C.. Rqs, if used,
should be the sum of 1.0K and R. This compensation
scheme is useful with voltage references such as 6.2 or 6.4
volt Zener diodes.

It is recommended that pin 13 (Vcc) and pin 3 (VEg)
always be bypassed to ground with at least 0.1uF capaci-
tors located close to the pins,

As shown in the General Connection Diagram, pin 1 may
be either connected to ground or left open. This connec-
tion determines the voltage compliance at pin 4 (IoyT).
For pin 1 grounded, the output compliance is —0.6 to
+0.5 volt. This is satisfactory when pin 4 is used to drive
a current to voltage converter and pin 4 is held at virtual
ground. It is also satisfactory for low values of R|_ con-
nected to pin 4 to directly convert the output current to
a voltage. The voltage compliance may be extended to
~5.0 volts by leaving pin 1 open and using a VEg more
negative than —10 volts. In this way a 2.5K load resistor
may be used at pin 14 to give an output voltage range
of O to -5 volts (with reference current of 2mA). As
shown in the table of Sett/ing Time vs Ry, the output
settling time is constant (300 nsec.) for R_values from
0 to 500 ohms; thereafter it increases to 1.2usec for
R = 25K,

current of 2.0mA; the accuracy, however, is essentially
constant for reference currents from 1.5mA to 2.5mA.
Typically, this device is monotonic for all values of refer-
ence current above 0.5mA. Reference currents up to
4.2mA may be used. When using a 4mA reference current,
VEE must be more negative than —6 volts.
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TECHNICAL NOTES (Cont’d)

8. For fastest voltage output settling times in either unipolar
or bipolar modes, two circuits using Datel Systems
AM-452 monolithic operational amplifiers are recom-
mended. These circuits, with the compensation shown,
result in output settling times of typically 600 nsec. for a
10 volt change to 1 LSB. This is the worst case settling
time which occurs when all bits are turned on. For current
output and R|_ less than 500 ohms, this time is 300 nsec.;
when all bits are turned off the time is shorter, typically
100 nsec. The two circuits shown also illustrate a simple
method of deriving both reference current and offset
current from a precision 6.4 volt Zener reference diode.

9. Both one and two quadrant multiplication are also possi-
ble with the DAC-IC8B as shown in the two diagrams.
VN is shown operating into pin 14; this results in an
input impedance of 2.5K. Alternatively, V)N can be
applied to pin 15 for a high impedance input as explained
previously. The range of V) is then 0 to —10V. For two
quadrant multiplication V| is unipolar and the digital
input is bipolar with offset binary coding. VoyT then
varies over the bipolar range of 5 volts. In multiplication
applications, it is recommended that full scale IRgF be
set to 4.0mA; the output is then monotonic as the refer-
ence current varies over 0.5mA to 4.0mA.

CONNECTION DIAGRAMS

Ve (+5V) GENERAL CONNECTION DIAGRAM
0.1 IReF = VRer/R14
ML
BIT 13 Rig 'ReF
mMs8 10— 5
20~—6
30—7
40—48
50— 9
@®OPEN
60— 10 ! GND
70— 1 2
Ls8 8012 16 — COMPENSATION TABLE
3
- Rig Cc
1.0K 15 pF
25K 37 pF
6.0K 75 pF
0.1 Cc

For high compliance output (+0.5V to -5.0V)

uF
-—-_E Vgg (-6 TO -15V) leave pin 1 open and use —10 to —15V for V.

ALTERNATIVE COMPENSATION

+VCC
R
14
13 1.0K R
16
3
15pF

~Vee

TWO WAYS TO CONNECT REFERENCE

<+—Z)N=Rqg
'REF

Ria

IrerF = VRer/R14

'Ref = VREF/R14
NOTE: -V g must be 3 volts above Vee

HIGH COMPLIANCE OUTPUT

+5V
0.1
T
BIT 13 10K1% 221K, 1%
MsB 1 5 14 0+46.4V REF
0.1
20—{6 15 —o—'wviuf
1K
30— 7
Vout
4 8 4
O— 070 -5V)
50—19

2.49K
60—j10 1 1%

—O
70— 2—0—]_ =
Ls8 80— 12 16 =

15pF

OUTPUT CONNECTIONS
R
MV
lout
4 —O—a—4 4
louT L o Vout
Vout Ry

SETTLING TIME VS. R}

R S.T.

[4] 300 nsec.
500 300 nsec.
1K 400 nsec.

25K 1.2 usec.
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“APPLICATION DIAGRAMS

ONE QUADRANT MULTIPLICATION

TWO QUADRANT MULTIPLICATION

+5V

.

R2 MUST BE EXACTLY

—-15V.

0.1uF
2xRy
BIT — ~
249K 1% MF 13 2.49K 1% MF
14 V) (0 TO +10V) mMs8 10—s 14 Vi (0 to +10V)
20—6 15 —O—'\NV-—_I_ MV 20——6 15 AAA
24k L 2.49K 1% AR
30—7 = MF. 30—7 49K 1%
4a0—8 4 - 40—8 4
5 O— 9 —O 50O—9
Vour
6 O—{10 1 (070 +10v) 60—10 1 Vour (£5V)
70—11 2 70—n 2
= 24KQ
tse 80O—{12 16 CARBON Lse 80— 12 16
3 1 3
0.1uF I 37pF 0.1uF 37pF
= 15V — 15V
FAST, UNIPOLAR VOLTAGE OUTPUT FAST, BIPOLAR VOLTAGE OUTPUT
FULLSCALE o, GAIN ADJ.
ADJ, :
+5V
+5V —AAN—0 +15V
\~ Q+15V 2.15K
287K 1%
0.14F 1% 01uF 3
T g T OFFSET ||
L — ADJ. N INas71
BIT o 8IT 3 5.9K 1%
MsB 1 O— 14 —
MSB 1 O——d5 14 5 0.1 §1ma =
0.1uF 4.99K 1% 20— 6 15 “F VWA
M »—o—lvv\.i \
20—6 15 % 33K == 4.99K 1%
30——7 = 30—7
40—8 a 40—8 4 -
louT out
sO—9 10 o 50— 9 620 0
Vour Vour (~5V TO +6V)
8§ O— 10 xﬁ 010 +10v) 6 O0—10 ! OUTPUT SETTLING
| =600 NSEC. to 1 LSB.
OUTPUT SETTLING O
70— 2 =600 NSEC. TO 1 LSB ’ " 2 n g L
LS8 80—12 16 = Ls8 8 O—{12 16 3 - ..
3 3 =
NOTE: 15V POWER SUPPLY
NOTE: +15V POWER SUPPLY CONNECTIONS NOT SHOWN FOR
CONNECTIONS NOT SHOWN FOR AMPLIFIER.
O.1uF 15pF AMPLIFIER 0.1uF 15pF

-15V

CALIBRATION AND CODING TABLES

1. Select the desired output range by means of the feedback resistor of the external operational amplifier and the externally programmed reference
current.

2. Zero and Offset Adjustments
For unipolar operation, set all digital inputs to “0"" (OV to +0.8V) and adjust the output amplifier ZERO ADJUSTMENT for zero output voltage.
For bipolar operation, set all digital inputs to *‘0” (0 to +0.8V) and adjust the OFFSET ADJUSTMENT for the negative full scale voltage shown in
the Coding Table.

3. Gain Adjustment

For either unipolar or bipolar operation, set all digital inputs to 1"’ (+2.0 to +5.5V) and adjust the GAIN ADJUSTMENT for the positive full scale

voltage shown in the Coding Table. .

UNIPOLAR OPERATION—STRAIGHT BINARY CODING

BIPOLAR OPERATION—OFFSET BINARY CODING

INPUT CODE UNIPOLAR OUTPUT RANGES | INPUT CODE BIPOLAR OUTPUT RANGES

MSB LSB| 0 TO +5V | 0 TO +10V | 0 TO -2MA | 0 TO -4MA MsB LsB +5V +10V +1MA +2MA
1111111 +4.980 +9.961V -1.992MA -3.984MA 11111111 +4.961V +9.922V —0.992MA | —-1.984MA
1110 0000 +4.375 +8.750 -1.750 -3.500 1110 0000 +3.750 +7.500 -0.750 -1.500
1100 0000 +3.750 +7.500 -1.500 -3.000 1100 0000 +2.500 +5.000 -0.500 -1.000
1000 0000 +2.500 +5.000 -1.000 -2.000 1000 0000 0.000 0.000 0.000 0.000
0100 0000 +1.250 +2.500 —0.500 -1.000 0100 0000 -2.500 -5.000 +0.500 +1.000
0000 0001 +0.020 +0.039 -0.008 -0.016 0000 0001 —4.961 ~9.922 +0.992 +1.984
0000 0000 0.000 0.000 0.000 0.000 0000 0000 -5.000 -10.000 +1.000 +2.000

D

cd
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FEATURES

¢ 10 Bit Resolution

® Straight Binary Coding

® Current Output

e 250 nsec. Settling Time
e TTL/CMOS Compatible
o Low Cost

GENERAL DESCRIPTION

The DAC-IC10B is a low cost, 10 bit
monolithic DAC with fast output cur-
rent settling time. It is packaged ina 16
pin ceramic DIP and requires only an
external reference and operational
amplifier for voltage output operation.
A full scale change in output current
settles in 250 nanoseconds, and with a
fast I.C. op amp (such as Datel-Intersil's
AM-452) a 10V output change can set-
tle within 1 microsecond. Digital input
coding is straight binary for unipolar
operation, and offset binary for bipolar
operation; the logic inputs are compati-
ble with TTL or CMOS.

This converter is manufactured with
monolithic bipolar technology. The cir-
cuit incorporates 10 fast switching cur-
rent sources which drive a diffused

resistor R-2R network. The ladder net-

work is laser trimmed by cutting alumi-
num links. The circuit also contains a
reference control amplifier and a bias
circuit. An external reference current
of 2 mA is required at the + Reference
input terminal; this is accomplished by
an external voltage reference and a
metal film resistor.

Other characteristics of the DAC-IC10B
include linearity to +% LSB and guaran-
teed monotonic performance. The gain
temperature coefficient of this unit is
typically —20ppm/°C. Output voltage
compliance is —2.5V to +0.2V, permit-
ting direct driving of a 625 ohm resistor
for a voltage output. The reference
input current can be varied from 0.5 mA
to 2.5mA to give monotonic operation
as a one or two quadrant multiplier.

Power supply requirement is +5VDC
and —15VDC. The DAC-IC10B is avail-
able in three models covering two

temperature ranges, 0°Cto +70°C and -

—55°C to +125°C.

/Sl
INTERSIL

' Low Cost, 10 Bit Monolithic

Digital-to-Analog Converter
DAC-IC10B Series

mss

DIGITAL INPUTS

BTNO.1 2 3 4 5 6 7 8 9 10
0IOIOIOIOIOIOIDIGIC)
HEEEEEERN

FAST CURRENT SWITCHES 3 83;52.}
HEEEEEEEN
TRIMMED R-2R
LADDER NETWORK
+REF (16) )
~REF BIAS
@ gg’;f.,f‘;gfe 2200 CIRCUIT avee
AMPLIFIER >
1 2
-VEE GROUND
INPUT/OUTPU'f
CONNECTIONS

MECHANICAL DIMENSIONS
INCHES (MM)

o
EDATEL
INTERSIL
DAC-IC10BC

M
o188 MAX. I
l 0.045 MAX.

e e

So9S B0} 91-0V A 49119Au0) Bojeuy - 0} -|eybig 214IOUOW HE OF 1S0D Mo

PIN | FUNCTION
1 —VEE
2 | GROUND
3 | OUTPUT CURRENT
4 BIT 1 IN (MSB)
5 BIT2IN
6 |BIT3
7 | BIT4IN
8 |[BITSIN
9 IBIT6
10 | BIT 7N
11 BIT 8 IN
—~{[~—oozMax. [12 [BITOIN
: 13 | BIT10IN
05320 14 | +Vcc
.8 156 | —REFERENCE
16 | +REFERENCE

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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SPECIFICATIONS, DAC-IC10B

(Typical at 25°C, Vcc = +5V, Vee= — 15V, Irer = 2.0 mA)
MAXIMUM RATINGS

VEC + it i +7.0 Volts
VEE - -+ ot e +18.0 Volts
Digital Input Voltage. . . ......+15 Volts
Output Voltage, Pin3......... +0.5, —5.0 Volts
Ref.Current. .. ............. 2.5 mA
Diff. Ref. Voltage . ............0.7V
INPUTS
Resolution. ................. 10 Bits
Coding, Unipolar OQutput. ... .. Straight Binary
Coding, Bipolar Output. . . .. .. Offset Binary
Input Level, Logic “1”. .. ..... +2.0to +15V @ +40uA
Input Level, Logic “0”........0to +0.8V @ —0.4 mA

Nom. Ref. Current, Pin16. .. .. 2.0 mA
Reference Current Range....0.5 mAto 2.5 mA

Ref. Bias Current, Pin 15. . ... —5 uA max.
OUTPUTS

OutputCurrent. ............. 4.0 mA £0.2 mA

Output Current Range. ..... .. 0to 5.0 mA

Output Current, All Bits “0”...2.0 uA max.’
Output Voltage Compliance . .. —2.5 to +0.2V

Output Capacitance.......... 25 pF
PERFORMANCE
Linearity Error,B,BM.. ....... *% LSB, max.
BC........... +1LSB, max.

Diff. Linearity Error. . . . ...... +% LSB
Monotonicity, B,BM. . . .... .. Full Temp. Range?

BC............ At 25°C
GainTempco................ —20 ppm/°C,

60 ppm/°C max. 2

Ref. Current, Slew Rate. ... ... 20 mA/pusec.
Ref. Current Settling. . .. ... .. 2.0 usec.*
Output Current Settling. ......250 nsec.®
UpdateRate.. ... ........... 4 MHz
Power Supply Sensitivity. .. ... 02%/% max.

POWER REQUIREMENT

Vcc Voltage. . . ............. +5VDC £0.25V
Vcc Current. . .............. 18 mA max.

Vee Voltage. . .. ............ —15VDC £0.75V
Vee Current. . .. ............ —20 mA max.

PHYSICAL-ENVIRONMENTAL

Operating Temp. Range

DAC-IC10B, BC ..........0°Cto +70°C

DAC-IC10BM.............—55°Cto +125°C
Storage Temp. Range . . ...... -65°C to +125°C
Package.................... 16 Pin Ceramic DIP

NOTES:

1. 4.0 uA max. for DAC-IC10BC only.

2. All converters in this series typically retain rated mono-
tonicity for values of input reference current from 0.5
mA to 2.5 mA.

. 70 ppm/°C max. for DAC-IC10BM only.

. Z&ro to 4 mA output change to rated accuracy.

. Full scale change to % LSB.

s w

ORDERING INFORMATION

OPER. TEMP
MODEL RANGE
DAC-IC10BC 0°C to +70°C
DAC-IC10B 0°C to +70°C
DAC-IC10BM —55°C to +125°C

THESE CONVERTERS ARE COVERED
BY GSA CONTRACT.

1. The General Connection Diagram shows the basic
connections for the converter. The scale factor is
set by a reference current injected into pin 16. Pins
15 and 16 are the input terminals to the reference
control amplifier. When connected as shown, pin 15
is grounded through Ris and pin 16 is at virtual
ground. Therefore, the reference current is deter-
mined by the external voltage reference and Ris:
Irer = Vrer/Ris. Ris should be a stable metal film
resistor. Riys is used only to compensate for the
input bias current into pin 15 (1 pA typical). Ris,
if used, should be equal to Ris and may be a carbon
composition type. An Iggg of 2.0 mA is recom-
mended for most applications.

2. There is a second method of connecting the refer-
ence shown in Two Ways to Connect Reference. A
negative reference can be applied to pin 15. In this
case only the bias current must be supplied from
the reference since pin 15 is a high impedance
input. Pin 16 is at the negative voltage and |grer
still flows into pin 16. Again, Ris is used only to
compensate for bias current. There is an important
requirement for this connection: the negative refer-
ence voltage must always be 3 volts above Vgg.

3. lout is inversely proportional to the reference input
current (Irer) times the digital word. Scaling of the
applied reference can be represented as follows:

VREF An
loutT= —2{——
RRer 2n
where n = 10 (10 bit DAC)

An = digital code

Note: 1) The largest digital code for a 10 bit DACis 1023.
2) The reference current is scaled by a factor of 2
within the DAC.

Example:

2.5V 1023
lout(FS) = —2{ ——— _—
1.25K 1024

= —3.996 mA (nominal)

2.5V 0
lout (ZERQO) = —2|——— =
1.25K 1024

= 0 mA (nominal)

4. The reference amplifier is internally compensated.

The minimum reference current supplied froma cur-
rent source is 0.5 mA for stabilitv.

5. The voltage on pin 3 is restricted to a range of

—2.5V to +0.2V. This compliance voltage is guaran-
teed at 25°C and nearly constant over temperature.

6. Full scale output current of 3.996 mA is guaranteed

for input reference currents to pin 16 between 1.9
and 2.1 mA.

7. It is recommended that pin 14 (Vcc) and pin 1 (Veg)
always be bypassed to ground with at least 0.1 uF
capacitors located close to the pins.

8. The accuracy of the converter is specified for a ref-

erence current of 2.0 mA, the accuracy, however,
is essentially constant for reference currents from
1.5 mA to 2.5 mA. Typically, this device ismonotonic
for all values of reference current above 0.5 mA.
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TECHNICAL NOTES (cont’d.)

9. For fastest voltage output settling times in either
unipolar or bipolar modes, two circuits using Datel-
Intersil AM-452 monolithic operational amplifiers
are recommended. These circuits, with the compen-
sation shown, result in output settling times of typi-
cally 550 nsec. for a 10 volt change to 1 LSB. This
is the worst case settling time which occurs when
all bits are turned on. For current output and R less
than 500 ohms, this time is 250 nsec.; when all bits
are turned off the time is shorter, typically 100 nsec.
The two circuits shown also illustrate a simple
method of deriving both reference current and offset
current from a precision 6.4 volt Zener reference
diode.

Both one and two quadrant multiplication are also
possible with the converter as shown in the two
diagrams. Vin is shown operating into pin 16; this
results in an input impedance of 2.5K. Alternatively,
Vin can be applied to pin 15 for a high impedance
input as explained previously. The range of Vin is
then 0 to —10V. For two quadrant multiplication Vin
is unipolar and the digital input is bipolar with offset
binary coding. Vour then varies over the bipolar
range of =5 volts. In multiplication applications, it is
recommended that full scale IRerF be set to 2.0 mA;
the output is then monotonic as the reference cur-
rent varies over 0.5 mA to 2.0 mA.

10.

CONNECTION DIAGRAMS

GENERAL CONNECTION DIAGRAM

+5VDC
0.1uF T Irer = VRer/Rig

BT - Rig  Iner
MSB 1 o—{4 M 16

20—5 Ris

30—46 15 ———04\/\/\1—:'_ G

2 0—17 1 VRer

50— 8

6 0—9 30— Clour L

7 o—10

8 o— 1

9 o—12 2
LsB 10 0—{13 1:.

= MF-Metal Film

CONNECTION FOR DIRECT VOLTAGE OUTPUT

TWO WAYS TO CONNECT REFERENCE

+5VDC
= 0.9uF

BIT 1.25K MF
MSB 1 o—f 4. 1

20— 1.2K
3 o—] 15—0—/\/\/v——l_
4 0— L
5 O—o )

60— 9 8
7 o—{10

8 o—11

9 o—12 2‘——0—:’ -
LSB 10 0—13 =
uF

IREF

+
2.5V

0N O oS

0to-2.5V

CONNECTION FOR BIPOLAR VOLTAGE OUT

+5VDC

%2’1' 1
uF
14

BIT

+VRer —
Ris REF
MSB 1 4 1
5 6 <—2mA
2 Rig RS 2mA
30—16 15 ——0;4\/\/\/—_]_ Ry
40— 7 =
50—1s8 5.11K
3 MF
6 0— 9 - .
70 10 0to4mA *B5v
8 O0—1
9 o—12 . 2 -——01 RyRy
LSB 10 0—13 L R+ Ry
0.1uF -
VREF __ VREF_ _
= Ris 2mA R, 2mA
-15v DC

= MF-Metal Film

DIGITAL 4 TO 20 MA OR
1 TO 5 VOLT CONVERTER

+VLooP (MUST NOT EXCEED
|Vec of 741 ~3V)

1to5mA

REF
N 400 Q 1009

0tod4mA

+
virer () 10V out

DAC-IC10B

14(020mA

v
0 1to5V

RLOOP = 2609
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APPLICATION DIAGRAMS

ONE QUADRANT MULTIPLICATION

+ 5V

L 14 4.99K 1%MF
mss 10— 4 16 —0-AAN—0 Vin (0 TO +10V)
20—|5 15
oK 2.49K 1% MF
30—6 =

40—7  pac- 3I—o——
Ic108
50— 8 )
80— 9 Vout
(0TO +10V)
70— 10 2 o

8 o—— 11
go—12
LSB 100— 13

TWO QUADRANT MULTIPLICATION

+5V

BIT

MSB 1 4
2 o—5
6

30—

14 4.99K 1% MF
ViN(0TO +10V)

249K 1% MF

40—7
DAC-

50— 8 ic1oB

60— 9 vourt (£6V)

70— 10

1.6K1%MF

go— M =
90— 12
LS8 100—— 13

OwFI

-15v

0.14F T
= v
FAST, UNIPOLAR VOLTAGE OUTPUT
GAIN ADJ. +6.4V
+5V
————————0 + 15V
0.14F
I
BIT "
mss 10—fs
20—]5
30—6
40— 7
DAC-
50—18 cioB 510 L o
60— 9 Vour
8 (0TO +10V)
70— 10 2f—o— 4.7pF  OUTPUT SETTLING
= I = 550NSEC. TO 1LSB;
go—— 1 == 1
9o—{12
LSB 10 13 NOTE: + 15V POWER SUPPLY
1 CONNECTIONS NOT SHOWN FOR

AMPLIFIER

CALIBRATION AND CODING TABLE

1. Select the desired output range by means of the feedback resistor of the external operational amplifier and

the externally programmed reference current.

2. Zero and Offset Adjustments| For unipolar operation, set all digital inputs to “0” (OV to +0.8V) and adjust
the output amplifier ZERO ADJUSTMENT for zero output voltage. For bipolar operation, set all digital in-
puts to “0” (0 to +0.8V) and adjust the OFFSET ADJUSTMENT for the negative full scale voltage shown in

the Coding Table.

3. Gain Adjustment|/For either unipolar or bipolar operation, set all digital inputs to “1" (+2.0 to +5.5V) and
adjust the GAIN ADJUSTMENT for the positive full scale voltage shown in the Coding Table.

FAST, BIPOLAR VOLTAGE OUTPUT

GAIN ADJ.

+ 5V
+15V

2.15K
1%

0.1uF 2.0K
I 1% OFFSET
— ADJ. IN4571
BIT 14 3.7K 1%
MSB  10——|4 16 =
20—|5 15 —o—/\/\/\i ol M\~
HF 249K 1%
30—{6 =
40—7 3b—o
DAC. lout
50—g IC10B
620 ——O
60— 9 vour (~5V TO +5V)
3 B OUTPUT SETTLING
70— 10 2—o— 4.7pF = 550 NSEC.TO 1 LSB.
8o—n = = I
90—} 12
o NOTE: + 15V POWER SUPPLY
Lse 10 B 1 CONNECTIONS NOT SHOWN FOR
AMPLIFIER

INPUT CODE UNIPOLAR OPERATION—STRAIGHT BINARY INPUT CODE BIPOLAR OPERATION—OFFSET BINARY CODING
MSB LSB 0TO +5V 0TO +10V_ | 0TO—-2MA | 0TO —4MA| | MSB LSB +5V =10V +=1MA +*2MA
111111 1111 +4.995V +9.990 —1.998 MA —3.996 T1 11111111 +4.990V + 9.980V ~0.998MA | —1.996MA
1110000000 +4.375 +8.750 -1.750 —3.500 1110000000 +3.750 + 7.500 -0.750 -1.500
1100000000 +3.750 +7.500 —-1.500 —3.000 1100000000 +2.500 + 5.000 -0.500 ~'1.000
1000000000 +2.500 +5.000 —1.000 —2.000 1000000000 0.000 0.000 0.000 0.000
0100000000 +1.250 +2.500 —-0.500 —~0.100 0100000000 —2.500 — 5.000 +0.500 +1.000
0000000001 +0.005 +0.010 —0.002 —0.004 0000000001 —4.990 —~ 9.980 +0.998 +1.996
0000000000 0.000 0.000 0.000 0.000 0000000000 —5.000 —10.000 +1.000 -+2.000

EI’D’VA&_ﬁEL
> AINTERSIL

Printed in U.S.A. Copyright © 1979 Datel-Intersil, Inc. All rights reserved
11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213)933-7256 * Sunnyvale, CA (408)733-2424 * Gaithersburg, MD (301)840-9490
® Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
® DATEL SYSTEMS SARL 602-57-11 ¢ DATELEK SYSTEMS GmbH (089)77-60-95  DATEL KK Tokyo 793-1031
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O/A=L 8-Bit Monolithic

: D/A Converter
[INMMERSIIL with Input Register

Model DAC-UPSB

FEATURES
o Input Register
* Internal Reference
* Voltage Output
¢ Low Cost
* 8-Bit Resolution

GENERAL DESCRIPTION

The DAC-UP8BC and DAC-UP8BM are
8-bit monolithic DAC’s with internal regis-
ters. Contained in the 22 pin DIP is a 8-bit
DAC, stable reference, a high-speed out-
put amplifier and an 8-bit input latch.
These microprocessor compatible conver-
ters are ideal for low cost applications.

The output voltage range is 0 to + 10V for

DIGITAL INPUTS
!

unipolar mode and =+ 5V for bipolar. Typi- o Twse s e
cal settling time is 2 tisec for a full scale ‘(‘% L" @ é) é A8 é) DIGTAL GNo.

7
change. Either the internal reference or an ONONOKNO:!
external reference can be used to bias the ] ] l J I
current switching network. The converter
can function as a muitiplying DAC by vary- DAC REGISTER
ing the reference input voltage. The refer-
ence anc(jjoutput amplifier are short circuit ser. out @) ammg] J j ] } l [ ! I p 20) SUM JUNC.
protected. ' -

. . . REF. ADJ. —
The input register is controlled by an @ 5K FAST CURRENT SWITCHES (® outeur

enable line (LOAD). When low, the regis-
IPEPPPPEs

ters are transparent and any change on rem (9 (2D) amp comp

the digital input pins will be reflected on BIPOLAR
the analog output. A high state level will

latch this digital information, and the data
is retained until this enable line goes low.
The data and latch enable input lines have

low input load currents.
- DACP - 15v

The DAC design consists of 8 fast-switch- com
ing current sources, a diffused R-2R resis-
tor ladder network and a control amplifier.
The diffused resistor network gives excel-

ANALOG
2) GNp

lent temperature tracking resulting in a MECHANICAL DIMENSIONS

gain temperature coefficient of 30 ppm/°C. . INCHES (MM)

This bipolar monolithic fabrication results CERAMIC PACKAGE PLASTIC PACKAGE

in excellent linearity and temperature DAC-UP8SBM DAC-UP8BC
coefficient. 1.105 -
With an accuracy of .19% the device is "22‘—“412'5,‘22 MAX » @y M 2
monotonic (no missing codes) over the en- NN AN AN AN AN A [ATATATATATANATATATATAY
tire operating temperature range. Power ! ' _T

supply requirements are =12V to +18V. | (o2 D) paTeLNTERSIL phs 69, D) pateLnteRs | L0
The operating temperature range of the | Max . DacuPEEM i MAX DAC-UPeBC
DAC-UP8BC is 0to + 70°C while the DAC-

UP8BM operates from —55°C to
+125°C.

(1,3)

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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SPECIFICATIONS, DAC-UP8BC & DAC-UP8BM

(Typical at 25°C,+ 15V Supply,Ref. In = +5V uniess otherwise noted)

MAXIMUM RATINGS

Positive Supply, pin19....... +18V

Negative Supply, pin17....... - 18V

Digital Input Voltage, pins 2-10.  + 18V

Reference Input, pin14.... ... + 12V

Summing Junction, pin20.... +12V
INPUTS

Resolution................. 8 bits

Coding, unipolar output. ... ..
Coding, bipolar output. ... ...
Input Logic Level,bitON(“1”). .
Input Logic Level, bitOFF (“0”).

Straight Binary

Offset Binary

+2.0Vto +55V @ 10uA
OVto +0.8V@ —50uA

Load Input................. H!I (“1”) = Hold Data
LO (*0”) = Transfer Data

Load Pulse Width'........... 200 nsec min.
Reference Input Voltage. . . . .. +5V+10%
Reference Input Resistance... 5K
Reference Input Slew Rate. ... 25V/usec.

OUTPUT
Output Voltage Range, unipolar 0 to +10V
Output Voltage Range, bipolar. +5V
Output Current. ... .......... 5mA
Output Resistance.......... 5ohms
Reference Output Voltage.... +5V x10%
Reference Output Current.... 5mA

1. It is recommended that the + 15V power

input pins bothbe bypassedtoground with
0.1 uf ceramic capacitors. This precaution
will assure noise free operation of the con-
verter.

2. Both the Qutput (pin 18) and Reference

Output (pin 13) are short circuit protected.
Output short circuit current is typically 40
mA for the Output and 15 mA for the Refer-
ence Output.

3. The “LOAD” control pin is a level triggered

input which causes the register to hold
data with a logic “1”” input state and trans-
fer data to the DAC with a logic “0” input.

4, A Setup Time of 200 nsec. minimum must

be allowed for the input data before the
LOAD input goes from LO to HI. In addition,
a 50 nsec. minimum Hold Time must be
allowed for the input data after the LOAD
input goes from LO to HI. The minimum

pulse width for the LOAD input is 200 nsec.
The maximum update rate is determined
by the output settling time. See Timing

PERFORMANCE

Linearity Error..............
Differentiat Linearity Error. . ..
Monotonicity . .. ............

GainError..................
ZeroError..................
Gain Tempco...............
Zero Tempco, Unipolar. ... ...
Offset Tempco, Bipolar. . .. ...

+ % LSB max.

+ %2 LSB

8 Bits over oper. temp.
range

Adjustable to zero
Adjustable to zero

20 ppm/°C

5 ppm/°C of FS.

10 ppm/°C of FS.

Reference Tempco.......... 60 ppm/°C
Settling Time to %2 LSB=. . . . .. 2 usec
Power Supply Rejection. ... .. +1mVIV

POWER REQUIREMENT
Rated Power Supply Voltage.. =15V DC
Power Supply Voitage Range.. +12to =18V DC
Supply Current, quiescent.... +7mA, — 10mA

PHYSICAL-ENVIRONMENTAL

Operating Temperature Range.

Storage Temperature Range. . .
PackageType...............

0°Cto + 70°C (BC)
55°C to +125°C (BM)
-65°C to +150°C
22 pin plastic (BC)
22 pin ceramic (BM)

Diagram.

5. The output settling time may be decreased

somewhat by decreasing the value of the
50 pF feedback capacitor from the ampli-
fier Output (pin 18) to the Summing Junc-
tion (pin 20). The minimum capacitance
value is 10 pF.

6. The gain temperature coefficient of the

DAC-UP8B without the internal reference
is 20 ppm/°C. By using the internal refer-
ence, which has a tempco of 60 ppm/°C, a
total tempco of 80 ppm typical results for
the converter. If greater temperature
stability is required, a more stable exter-
nal reference should be used.

7. The data inputs (Bits 1 through 8) are high

impedance inputs which give minimal log-
ic loading. For an input LO, the current
that must be sinked is only 50 uA maxi-
mum, or about 1/32 of a standard TTL load.
This minimizes the loading of the DAC-
UP8B on a data bus.

NOTES:
1. See Timing Diagram
2. For 10V change

ORDERING INFORMATION

OPERATING

MODEL TEMP RANGE CASE
DAC-UPSBC 0to 70°C Plastic
DAC-UP8BM —551t0125°C Ceramic

Trimming Potentiometers: TP10K

THESE CONVERTERS ARE COVERED BY
GSA CONTRACT
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CONNECTION AND CALIBRATION

— 1
I 21
BIT |2 21  AmP
]
Lss 8 COMP +15V
== 1000pf 4
™M
7 3 | 20 Ji‘m % A 10k 4RO
) == 50pf
.l r s IN4148 ==50p 1y
6 — sk { 19 T +18V
E WA =L 0t
G al =
DATAIN 5 —2] | — Yl DAC OUTPUT
s 8 BIT OUTPUT
DAC AMP
4 61 1| K 17 T —18v
E = = .01uf I 0.1uf
7] R DAC =
3 ] 16 comp -
8 BIPOLAR PIN20 FOR BIPOLAR
2 15 oFFsET OPEN FOR UNIPGLAR’
MSB 1 9 — 14 F:ff
1oAD 10 I 13 10K
L 5K GAIN ADJ.
NC — 11 10K
5K
CALIBRATION PROCEDURE INPUT/OUTPUT CONNECTIONS
1. Select the desired output range and connect as shown in
OUTPUT RANGE SELECTION table. PIN FUNCTION PIN FUNCTION
2. Apply a logic “0” to LOAD (pin 10). 1 DIGITAL GND 12 REF ADJ
3. Zero and Offset Adjustments ) 2 Bq 8 IN (LSB) 13 REF OUT
For unipolar operation, set all digital inputs to “0” and adjust 3 BIT7IN 14 REF IN
ZERO ADJ for zero output voltage. For bipolar operation, set 4 BIT6IN 15 BIPOLAR OFFSET
all digital inputs to.*0"” and adjust ZERO ADJ for negative full 5 BITSIN 16 DAC COMP
scale voltage. of —5.000V. 6 BIT 4N 17 — 15V
7 BIT 3 IN 18 OUTPUT
4. Gain Adjustment 8 BIT 2 IN 19 + 15V
For either unipolar or bipolar operation, set all digital inputs 9 BIT 1 IN (MSB) 20 SUM JUNCTION
to‘““1” and adjust FULL SCALE ADJ for the positive full scale 10 LOAD 21 AMP COMP
voltage of +9.961V (unipolar) or + 4.961V (bipolar). 11 NC 22 ANALOG GND
CODING TABLE
INPUT CODE OUTPUT RANGES
MSB LSB Oto +10V x5V OUTPUT RANGE SELECTION
1111 1111 +9.961V +4.961V
1110 000O00O0 +8.750 +3.750 MODE RANGE CONNECTION
1100 00O00O0 + 7.500 + 2.500
1000 0O0O0OO + 5.000 0.000 Unipolar 0to +10V Pin 15 open
0100 0O0OO0O0 +2.500 -2.500 Bipolar + 5V Pin 15 to 20
0000 O0O0O0 1 +0.039 —4.961
0000 OOOO 0.000 -5.000
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' GRAM

200 nsec. 200 nsec.
min. min.
Hold
LOAD
Transfer \ ) A
! I
1 200 nsec. 50 nsec. min. 1200 nsec. 50 nsec.
| min. (Hold Time) | min. * min.
: (Setup Time) |
! :
lm——— : '
DATA ! [
IN ! |
| I
0 H 1
1 |
1 1.8 usec. typ. 2.3 usec. typ.
] (Settling Time) | (Settling Time)
| |
! |
+10= — = ———— — e e e - A= '
1
300 nsec
f— typ. :
VOLTAGE | (Propagation |
ouT | Delay)
1 | 150 nsec.
| M typ.
| | (Propagation
| | Delay)
0
APPLICATIONS
INTERFACING TO 8 BIT DATA BUS /\ DAC-UP8B
LOAD DAC-UPBB LOAD LOAD Bit 8 (LSB) ]
NO.0 No. 0 NO.1 | DAGUPEE | .. .eeeeeeeaNO.N | DACUPEE Bit 7 |
m R
it 6 E
8-8IT Bit5 G
DATA Bit 4 s
B8US Bit 3 T
L Bit 2 E
' Bit 1 (MSB)
= i At ’ LT'
l__——‘ w [T \/ LOAD —
20
OJ_’ 1] cecscece N SE
3® This illustrates the connection for
ABDRESS DECODER loading parallel data into the input
register. The register circuit is_a static
latch and is controlled by the LOAD, ac-
tive low. When the data is stable on the
APPLICATIONS datainputs (bits 1-8), it can be transferred
Process and Control on the positive edge of the LOAD pulse.
Measuring Instruments The voltage levels on the data bus should
ADDRESS ~ STROBE LA Test Equipment be_stable for at least 200 nsec before
Programmable Power Supplies goes HI. The minimum pulse width
Computer I/0 Equipment of the LOAD command is 200 nsec.
Printed in U.S.A. Copyright © 1980 Datel-intersil, Inc. All rights reserved.
ml | 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213)933-7256 ® Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490
)/ "m““__l o Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
© DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95 ® DATEL KK Tokyo 793-1031
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> | | it Monolithic
INTERSIIL Digital-to-Analog Converter
Model DAC-08B

FEATURES

¢ 85 nsec Settling Time

* —10 to +18 Volt Compliance
® £4.5 to =18 Volt Supply

* 8 Bit Resolution

* 1 or 2 Quadrant Multiplication
e Low Cost

GENERAL DESCRIPTION

The DAC-08BC and DAC-08BM provide
very high speed performance coupled
with low cost and application flexibility.
These units have guaranteed full 8-bit
monotonicity with nonlinearity of 0.19% DIGITAL INPUTS

over the full operating temperature "se ) Lse
range. High speed current steering +Vee Vic 12 3 4 65 6 7 8
switches achieve 85 nanosecond set- (3 O] GO®OOG®®MAOM®
tling time with a very low glitch for full - N EE
scale changes. A large output voltage

compliance range (—10 to +18 Volts) [
allows direct current to voltage conver-

BIAS NETWORK I

HEEEEEE

sion with just an output resistor, omit- ] @.OUT

ting the need. for an op amp in many FAST CURRENT SWITCHES

i‘;se;Ac 08 consists of 8 fast-switchi — 2
e -08 consists of 8 fast-switching Veage (+1(3 N -

current sources, a diffused R-2R resis- rer+1 @ NS I’l l) I) I) I) IJ I/l J/'

tor ladder, a bias circuit, and areference Vaer (-)(15 '// ‘}

control amplifier. The diffused resistor REFERENCE >

ladder gives excellent temperature conrROL

tracking resulting in a gain temperature
coefficient of 10 ppm/°C. The mono-

lithic fabrication results in excellent c (;:AP -355

linearity and tempco, fast output settling

and low cost. Linearity is =1 LSB.

An external reference current of 2 mA

nominal programs the scale factor of

the DAC. This reference current can al-

so be varied, resulting in one or two MECHANICAL DIMENSIONS INPUT/OUTPUT
guadrant multiplying operation. The INCHES (MM) CONNECTIONS
output voltage can be unipolar or.bi- 1615 14 13 121 10

polar dependent upon the connection PN | FUNCTION

of the two complementary output sin 320 E DATEL-INTERSIL 2

currents. v . ,13;\1))( DAC-08 MAX ; THURESHOLD CONTROL (VLC)
DAC-08 applications include fast A/D e 5678 E

converters, waveform generators, audio _.l L 060 2 E T ; (MSB)
encoder and attentuators, CRT display 2 7 [ BT

drivers, and high speed modems. o lolg ] _ﬁf T

Power supply requirements are *4.5V 0 1 BILG

to =18V. Operating temperature range T A\ -—T:ts 12 E:-s LSB)

is 0°C to 70°C for the DAC-08BC and senno WK, T VeEET

—55°C to +125°C for the DAC-08BM. PrANE .n..ma“—T 5 | VREF—

These models have equivalent specs : -‘ 100 6 | COMPENSATION
and pinouts to industry standard

DAC-08’s.

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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SPECIFICATIONS. DAC-08BC & DAC-08BM

(Typical at 25°C, Vs = £15V, IREF = 2.0 mA unless otherwise noted)

TECHNICAL NOTES

MAXIMUM RATINGS

Vcc Supply to VEE Supply. . ......... 36V
Digital Input Voltage................. —VEE to —VEE plus 36V
Lo —VEE to +Vcc
Reference Input Voltage. . . .......... —VEE to +Vcc
Reference InputCurrent............. 5.0 mA
INPUTS
Resolution......................... 8 Bits
Coding, Unipolar Output............. Straight Binary
Coding, BipolarOutput. ............. Offset Binary
Input Logic Level, Bit ON (“17)........ +2.0V min. @ +10.0pA
Input Logic Level, Bit OFF (“0”)....... +0.8V max. @ —10.0pA!
Nominal Reference Current.......... 2.0mA
Reference Bias Current.............. —1.0 A
Reference Input Slew Rate........... 8 mA/usec
OUTPUTS
Output Current, IREF =20mA....... 1.99mA =.05 mA?2
Output Current Range, VEE = —5V.... 0to2.1 mA
Output Current Range, VEE = —7to —18V 0 t0 4.2 mA
Output Current, all bits OFF . .. ....... +0.2uA typ. =£2.0pA max.
Full Scale Symmetry................ *+1.0 pA typ. £8.0 A max.
Output Voltage Compliance .......... —10to +18V
PERFORMANCE
Relative Accuracy................... *+% LSB (£0.19%) max.
Nonlinearity........................ +% LSB (£0.19%) max.
Differential Nonlinearity. . . .......... +1% LSB (£0.19%)
Full ScaleTempco.................. *10 ppm/°C typ.
+50 ppm/°C max.
Settling Time,2 mAto %4LSB......... 85 nsec. typ.,
150 nsec. max.
PropagationDelay. . ................ 60 nsec. max.

Power Supply Sensitivity, IREF = 1 mA. *=0.002%/%

POWER REQUIREMENTS

VCC. ittt et +4.5V to +18V
VEE . .ttt iie et —4.5Vto —18V
Power Supply Current, IREF = 1.0mA

V=8V, +3.8, —5.8 mA max.
Power Supply Current, IREF = 2.0mA

V=45V, —15V................... +3.8, —7.8 mA max.
V=15V, +3.8, —7.8 mA max.

PHYSICAL-ENVIRONMENTAL
Operating Temp Range

DAC08BC...............ccvuun.. 0°C to 70°C
DAC-08BM....................... —55°C to 125°C
StorageTempRange................ —65°C to —150°C
Package................. it 16 Pin Dip
NOTES

1. For TTL, DTL Interface, VLC = OV. For other digital interfaces see
TECHNICAL NOTE 3.
2. louT (Pin 4) + louT (Pin 2) = Output Current.

ORDERING INFORMATION

OPERATING
MODEL TEMP. RANGE PACKAGE
DAC-08BC 0°C to 70°C Plastic

DAC-08BM —55°Cto +125°C Ceramic
THESE D/A CONVERTERS ARE COVERED BY GSA CONTRACT.

1. The DAC-08 series is a multiplying D/A converter in which
the output current is a product of the digital word and the
input reference current. Excellent performance is obtained
for Irer from 4.0 mA to 4.0 pA. Monotonic operation is main-
tained from 4.0 mA to 100 pA. The full scale output current
is a linear function of the reference current and is given by:

| = 255

FS = 956 X lgee (lger is current at Pin 14)

2. Reference Amplifier Set-up. If a regulated power supply is
used as the reference, a resistor divider should be used with
the junction by-passed to gnd with a 0.1 uf capacitor. TTL
logic supplies are not recommended to be used as the ref-
ference. AC and DC reference applications will require the
reference amplifier to be compensated using a capacitor
(Cc)from pin 16 to Veg. For fixed reference application (DC).
a 0.01 uF capacitor is recommended. For AC reference appli-
cations, the value of Cc depends on the impedance present
at pin 14. For Rger values of 1.0, 2.5 and 5.0 KQ, minimum
values of Cc are 15, 37 and 75 pf respectively. Larger values
of Rq4 require proportionately increased values of Cc for
proper phase margin. See Graph on Reference Input Fre-
quency Response. Low RRer values enable small Cc achiev-
ing highest throughput on VREeF. If pin 14 is driven by a high
impedance such as a transistor current source, the amplifier
must be heavily compensated which will decrease overall
bandwidth and slew rate. For Rrer = 1.0 Ke and Cc = 15 pf,
the reference amplifier slews at 4.0 mA/usec. enabling a
transition from Irgg = 0 to IRer = 2.0 mA in 500 nsec.

3. Interfacing Various Logic Families. The DAC-08 design in-
corporates a unique logic input circuit which enables direct
interface to all popular logic families and provides maximum
noise immunity. A large input swing capability allows ad-
justable logic threshold voltage and 200 uA max source cur-
rent on pin 1. Minimum input logic swing and minimum logic
threshold voltage is given by Veg +(IreF x 1.0 kQ) +2.5V.
Logic threshold is adjusted by appropriate voltage at ViLc.
Interfacing Various Logic Families Diagram shows appropri-
ate connections. Fastest settling times are obtained when
Vi c sees a low impedance. Use .01 uF by-pass capacitors
whenever possible.

4. Analog Output Currents. Both true and complemented out-
put sink currents are provided, I0 + 10 = IFs. Both outputs
can be used simultaneously. If one of the outputs is not re-
quired, it must be connected to ground or a point capable
of sourcing Irs. Do not leave unused output pin (lo or [0)
open. The compliance voltage is the voltage swing on out-
put pin without affecting DAC accuracy. Positive compliance
is 36V above VEE and is independent of V +. Negative com-
pliance is VEg + (IRerF x 1kQ) +2.5V.

5. Settling Time. The DAC-08 is capable of extremely fast set-
tling times, typically 85 nsec. at IRer = 2.0 mA. Judiciouscir-
cuit design and careful board layout must be employed to
obtain full performance. The output capacitance of the DAC
including the package is approximately 15 pf; therefore the
output RC time constant dominates at R > 500q.

Settling time remains essentially constant for IRer values
down to 1.0 mA, with gradual increases for lower Iggr val-
ues. The switching transients (glitches) are very low and may
be further reduced by small capacitive loads at the output.
Settling time will be increased slightly.

6. Power Supplies. The DAC-08 operates over a wide range of
power supply voltages from a total supply of 9V to 36V. When
operating at supplies of =5V or less, IREr < 1 mA is recom-
mended. Low reference current operation decreases power
consumption and increases negative compliance, reference
amplifier negative common mode range, negative logic in-
put range, and negative logic threshold range. For example,
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TECHNICAL NOTES (Cont'd)

APPLICATION DIAGRAMS (Cont’d)

operation at —4.5V with IRer = 2 mA is not recommended
because negative output compliance would be reduced to
near zero. Operation from lower supplies is possible, how-
ever at least 8V total must be applied to insure turn-on of the
internal bias network. It is recommended that Vcc and Vee
always be bypassed to ground with at least 0.1 nf capacitors.

Symmetrical supplies are not required, as the DAC-08 is
quite insensitive to variations in supply voltage. Battery op-
eration is feasible, as no ground connection is required;
however, an artificial ground may be .useful to insure logic
swings, etc. remain between acceptable limits.

Power consumption may be calculated as follows:

Pga = (1+) (V+) + (I-).(V-) + (2 Irer)(V=). A useful feature
of the DAC-08 design is that supply current is constant and
independent of input logic states; this is useful in crypto-
graphic applications and further serves to reduce the size
of the power supply bypass capacitors.

7. Temperature Performance. For most applications, a +10.0
Volt reference is recommended for optimum full scale tem-
perature coefficient performance. Full scale trimming may
by accomplished by adjusting Irer (changing value of RReF).
RrerF and RL should be selected for similar temperature co-
efficient to minimize accuracy error. Settling time of the
DAC decreases approximately 10% at —55°C and increases
15% at 125°C.

APPLICATION DIAGRAMS

BASIC POSITIVE REFERENCE OPERATION

Iner_ Veerl+) | 8 6 7 8 9 10 n 12
+Vrgr O—V\V\VN—0— 14 4 —o0
© RREF - o
DAC—088C
DAC—08BM
VRgerl - ) -—To
15 o
L RIS

0.1uF FOR FIXED REFERENCE, TTL

i
1"

0.14F I OPERATION TYPICAL VALUES
Vee
vm = +10.000v
Rper = 5.000K
s = LVeer 2% Ri5 = Rper
Rper 256 Cc - 0.01F
lo + T = Irs FOR ALL LOGIC STATES ul

Vic = 0 VIGROUND)

ACCOMMODATING BIPOLAR REFERENCES

+ VRer

Regr l IRer
_
Vin % : 14
" DAC-08BC
DAC-08BM
15
N Iner > PEAK NEGATIVE SWING OF Iy
+ VREF 1
Fres DAC-08BC
DAC-08BM
Vi o—AM—] 15
HIGHINPUT + R15 (OPTIONAL)
IMPEDANCE Rper = Rys)

+ VRer MUST BE ABOVE PEAK POSITIVE SWING OF Vin

REFERENCE INPUT FREQUENCY RESPONSE

T

4 b ”+ _

2
g [
5., ™
22—t \ i
D _al_ |Ru=Ris=1KQ
S ~4I""1a <5000
$ 6| _|ALLBITSON 3 N |2\
5 T Vais =0V
Baftr AIANAY
10— \ \ —)—
—|2L~ - iL \ \
14

o1 02 05 10 20 50

FREQUENCY (MHZ)

CURVE 1: C¢ = 15pF, ViN = 2.0V, CENTERED AT +1.0V.

CURVE 2: C¢ = 15pF, V.N 50mV,,.o CENTERED AT +200mV.

CURVE 3: Cc = OpF, Viy = 100mV, , CENTERED AT OV AND APPLIED THRU 50Q
CONNECTED TO PIN 14, + 2.0V APPLIED TO R 4.

BASIC NEGATIVE REFERENCE OPERATION

IReF
I—VTN’— 14 il
—
: RRer DAC-08BC °
DAC-08BM
o—A/MN—] 15 2 ——0
—Vrer  Ris b
|FS=—_VREF>< 255
RRefF 256
(R15=RReF)

INTERFACING VARIOUS LOGIC FAMILIES

TTLDTL
Vin = +1.4V

DA(‘:-M ECL
£ CMOS, HTL, NMOS

O Vic ' TVcc
i 13K 20K
Vin = Vic +1.4V
+1V CMOS  HTL, HNIL A" 2N3904 A" 2N3904
Vrn = +7.6V 2N3%04 2N3904
+15V x K
TOPIN1 TOPIN1
39K 20K o
Vie Vie
. 400uA
Vie 6.2k R3 ?i
0.1
62Kk I uF
+ l 5.2v &
IR = 1.0mA

LOGIC INPUT CURRENT VS. INPUT VOLTAGE

4.0

o L

LOGIC INPUT CURRENT (uA)

0
-12 -10 -80 -6.0 -40 -20 0 20 40
LOGIC INPUT VOLTAGE (VOLTS)
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APPLICATION

BASIC UNIPOLAR NEGATIVE OPERATION BASIC BIPOLAR OUTPUT OPERATION

+10.000v

mMsB LsB MsB LsB

[TITTIIL e 75 57

[
5 6 7 8 9 10 11 12 = 5 6 7 8 9 10 11 12
4 4
Irgr = 2.000mA DAC - 088C o = tRer = 2.000mA DAC --088C
© “ DAC --08BM ° " DAC - 088M
— s —
2 2
T =
RANGES Eo = OV TO - 9.960V £o RANGES Eo = - 9.922V TO +10.000V £
o= 0TO  1.992ma 1o = -.9920mA TO +1.0MA

SEE CODING TABLE SEE CODING TABLE

VOLTAGE OUTPUT OPERATION RECOMMENDED FULL SCALE ADJUSTMENT CIRCUIT
W OFFSET
L i
DAC —088C ‘ Eo
DAC —088M
LowT.C.
2— +10v 45K
o 14
ner = 2mA = Veer ngr( +) = 2mA DAC—08BC
+ DAC —088M
STRAIGHT 15
870 Tov 0K
POT.
DAC~088C o
DAC—088M = l
Ingr = 2mA

CALIBRATION AND CODING TABLES

CALIBRATION PROCEDURE . ) Lo
voltage. For bipolar operation, set all digital inputs to “0”
1. Select the desired output range by means of the feedback and adjust the OFFSET ADJUSTMENT for the negative full
resistor of the external operational amplifier and the exter- scale voltage shown in the Coding Table.
nally programmed reference current.
3. Gain Adjustment

2. Zero and Offset Adjustments For either unipolar or bipolar operation, set all digital inputs
For unipolar operation, set all digital inputs to “0” and adjust to “1” and adjust the GAIN ADJUSTMENT for the positive
the output amplifier ZERO ADJUSTMENT for zero output full scale voltage shown in the DAC-08B Coding Table.

UNIPOLAR OPERATION —STRAIGHT BINARY CODING BIPOLAR OPERATION—-OFFSET BINARY CODING
For 5k load resistors at pins 2 and 4 For 10k load resistors from pins 2 and 4 to +10V.

INPUT CODE Eo Eo Io To INPUT CODE Eo Eo

11111111 | —9.961 0.000 1.992 0.000 11111111 | — 9922 +10.000
11100000 | —8750 —1.211 1.750 0.242 11100000 | — 7.500 + 7578
11000000 | —7.500 —2.461 1.500 0.492 11000000 | — 5.000 + 5078
10000000 | —5.000 —4.961 1.000 0.992 10000000 0.000 + 0.078
01000000 | —2500 —7.461 0.500 1.492 01000000 | + 5.000 — 4922
00000001 | —0.039 —9.922 0.008 1.984 00000001 | + 9922 — 9.844
00C0 0000 0.000 —9.961 0.000 1.992 00000000 | +10.000 - 9922

Printed in U.S.A. Copyright © 1980 Datel-Intersil, Inc. All rights reserved.

.‘ @ A\T"E—JL 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340

Santa Ana, (714)835-2751, (L.A.) (213)933-7256 » Sunnyvale, CA (408)733-2424  Gaithersburg, MD (301)840-9490
b "m'\ ﬂ‘% mL  Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
o DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95 ® DATEL KK Tokyo 793-1031

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
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=)A= | ~ Monolithic,
b | NERS High Performance

INTEIRS L | 12 Bit D/A Converter
| Model DAC-681

FEATURES

12 Bit Resolution

300 nsec. Settling Time
+110/ppm/°C Max. Tempco
5 Output Ranges

*+1 LSB Linearity

562 Pin Compatibility

GENERAL DESCRIPTION

The DAC-681 isanew high performance
monolithic 12 bit D/A converter fabricat-
ed with advanced bipolar technology. The
circuit uses a precision, laser-trimmed
thin film R-2R ladder network driven by
equal-value switched current sources to
achieve ¥% LSB typical linearity, 300 nsec.
settling time and+10ppm/°C max. gain
tempco.

The DAC-681 operates from TTL or
CMOS input logic and provides a0to 5

e © o o o o

mA or £2.5 mA output current. The e S8 DIGITALINPUTS is8

. . LOGI
converter contains traqkmg feedbaok 4SUPPLY SELECT 1 2 3 4 5 6 7 8 9 10 11 12 BITNO.
and bipolar offsetting resistors to provide O @ E@@@e@E®)®)E

five output voltage ranges when used
with an external operational amplifier: 0 to

+5V, 0 to +10V, £2.5, £5V, and £10V. | ' 11) 20VRANGE
Since these resistors closely track the SWITCH DRIVERS 1S

R-2R ladder with temperature, gain sta- (10) 10v RANGE
bility of better than10 ppm/°C is achieved. e @ [ [T T T T TTTTTI x ©
Differential linearity error is J LSB typical REE. (5) JTHINFLMAR 9) ouTPUT

and % LSB maximum, with output mono-

7.975K

tonicity guaranteed over the operating N O O O A B | 5)BroAR
temperature range. . EQUAL VALUE

CURRENT SWITCHES 3.976K
Output settling time for a full scale REE (3 7) BPQLAR

change to %5 LSBis 300 nsec. typicaland
400 nsec. maximum.

6
The DAC-681 features pin compatibility —SSF%LV
with 562 type DAC's while offering supe-
rior performance to these earlier devices.
ggaﬁe%ag:rzgnﬁésﬁp?‘; g\m’gqfnﬁgfna;m MECHANICAL DIMENSIONS INPUT/OUTPUT
is +5V to +15V and —15 VDC. There INCHES (MM) CONNECTIONS
are two basic models: DAC-681C oper-
ates over 0°C to 70°C while DAC-681M Booononoooon
operates over —55°C to +125°C. PIN | FUNCTION PIN | FUNCTION
o > e S [+ suppLy 13 |BIT 12IN(LSB)
) i85 2 |LOGIC SELECT[14 [BIT11IN
DAC-681 1 3 | REF. GROUND |15 |BIT 10N
— T T O T O T T 4 N.C 16 BIT_9IN
N 2 5 |REFERENCEIN|17 |BIT 8IN
1 o | om | 6 |- SUPPLY 18 |BIT 7N
r 31.7) ] “i‘f_} 7 BIP. OFF IN 19 BIT 6 1IN
1 _—_l—_ 8 |BIP.OFF OUT |20 [BIT 5IN
e - 9 |ouTPUT 21 [BIT_4IN
L ool 10 [ TOVRANGE |22 |BIT 3IN
i - = ~J— " |11 [20VRANGE |23 |BIT 2IN
" ue b2 12 | GROUND 24 |BIT 1IN (MSB)

DATEL-INTERSIL INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 / TWX 710-346-1953 / TLX 951340
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SPECIFICATIONS, DAC-681

Typical at 25°C,+5V& - 15V Supplies.+ 10V Reference unless otherwise noted.

TECHNICAL TES

DAC-681C DAC-681M
MAXIMUM RATINGS
Positive Supply,pin1................. +20V *
Negative Supply,pin6................ -20V *
Reference Input,pin5................ *Supply *
Reference Ground, pin3.............. ov *
Digital Inputs, pins 13-24......... P —1Vto +12V *
Logic Select Input,pin2............... —1Vto +12V *
Output,pin9........................ +Supply, =5V *
Resistors, pins 7,8,10,11............. *Supply *
INPUTS
Resolution. .. .............cooiiinnn 12 Bits *
Coding, unipolaroutput. . . ............ Straight Binary *
Coding, bipolaroutput. . . ............. Offset Binary *

+2.0 min. @ 100nA max.

Input Logic Level, bit ON (“1”)'.........
+0.8V max. @ —100uA max.

Input Logic Level, bit OFF (“1”)'........

Reference Input Voltage. .............. +10V *
Reference Input Resistance. . ......... 8K *
OUTPUTS :

Output Current, unipolar............... Oto -5 mA *
Output Current, bipolar................ +*25mA *
Output Voitage Ranges, unipolar. ....... Oto +5V *

Oto +10V *
Output Voltage Ranges, bipolar......... *2.5V *

*5V *

+10V *
Output Voltage Compliance............ *1V *
Output Resistance.................... 1K *
Output Capacitance................... 20 pF *

PERFORMANCE

Linearity Error,max.. ................. *+% LSB +%LSB
Linearity Error Over Temp.,\. ... ....... +*1LSB *%LSB
Differential Linearity Error, typ.......... *+%LSB +% LSB
Monotonicity. . . ............ ...l Over Oper. Temp. Range
Gain Error,max.2..................... +0.25% *
Unipolar Zero Error, max.2............. +0.05% *
Bipolar Offset Error, max.2............. *0.25% *
Gain Tempco, max.2. .. . .............. +10 ppm/°C +5 ppm/°C
Zero Tempco, max.®. .. ............... +2 ppm/°C +2 ppm/°C
Bipolar Offset Tempco, max.3.......... ==5ppm/°C +5 ppm/°C

Settling Timeto %, LSB*............... 300 nsec. typ., 400 nsec. max.
Power Supply Sensitivity. .. ........... +7.5 ppm of FSR/% Supply
Reference SlewRate. ................ 6 mA/usec. *
Reference Bandwidth................. 10 MHz *

POWER REQUIREMENT
Rated Power Supply Voltage...........
Positive Supply Range®. . . ............
Negative Supply Range. . .............
Power Supply Quiescent Current, max.. ..

+5VDC, —15VDC
+4.75VDC to +15 VDC
—15VDC £10%

+2 mA, —28 mA

PHYSICAL-ENVIRONMENTAL
Operating Temp. Range. .. ............ 0°Cto +70°C —55°Cto +125°C
Storage Temp.Range................. —65° Cto +150°C *
Package, Hermetically Sealed.......... 24 pin ceramic *

*Specifications same as first column

NOTES:
1. + Supply must be +5V *£5% for DAC-681C and +5V *10% for DAC-681M.

Foroperation with CMOS logic see Technical Note 1.

. Adjustable to zero using external potentiometers.' Specified error is for 24.9
ohm trim resistors and external op amp using internal feedback resistor.

. Using external op amp and internal feedback and offset resistor. Zero Tempco
and Bipolar Offset Tempco are in ppm/°C of FSR (Full Scale Range)

. For tull scale change: all bits ON-to-OFF, or all bits OFF-to-ON.

- See Technical Note 1.

(S0 N C R V)

—_

. For TTL input logic, pin 2 should be connected
to pin 12 and the + supply must be +5 VDC
(5% for DAC-681C and =10% for DAC-681M).
For CMOS input logic, connect pin 2 to pin 1
and use any + supply voltage from +4.75V to
+12 VDC. CMOS threshold levels are then +
Vs X 0.7 for bit ON and +Vs X 0.3 for bit OFF.
Logicinputcurrentis the same as that specified
for TTL.

2. Gain and bipolar offset errors are adjustable to
zero by means of two 50 ohm trimming pots.
The adjustmentrange is =0.3% of FSR for gain
and +0.6% of FSR for bipolar offset. The uni-
polar zero error is adjustable to zero by means
of the offset adjustment of the external output
amplifier.

3. The output voltage compliarice range of =1V
should not be exceeded or else accuracy will
be affected. If a resistor load is driven instead
of an op amp summing junction then the maxi-
mum resistor value is 200 ohms for unipolar
operation and 400 ohms for bipolar operation.

4. Output settling time is specified for current
output and is measured with a small current
sampling resistor to ground (100 ohms). Volt-
age output settling time depends on the output
operational amplifer used. Datel's AM-500 is
recommended for about 500 nsec. settling
and AM-452-2 is recommended for about 1.5
usec. settling. Both should be used with a 3-20
pF variable compensating capacitor across the
feedback resistor which should be adjusted
for optimum settling time.

5. For best high speed performance, both power
supplies should be bypassed with 1 uF electro-
lytics in parallel with 0.01 uF ceramic capaci-
tors as close as possible to the = supply pins.

6. The gain and bipolar offset temperature coeffi-
cients are specified with the internal feedback
and offset resistors used in conjunction with an
external operational amplifier. This is because
these resistors track the R-2R ladder with tem-
perature and therefore the tempco’s do not de-
pend on absolute resistor tempco. The tempco
of the external +10V reference mustalso bein-
cluded in the total converter tempco, however.

7 Because of the DAC-681 circuit which incor-
porates equally weighted current sources driv-
ing an R-2R ladder network, the turn ON and
turn OFF times are virtually symmetrical, re-
sulting in low output glitches compared with
other DAC's. The maijor carry glitch typically
has an amplitude of 14% of FSR. The time
duration to 90% complete is typically 35 nsec.

The DAC-681 wideband output noise with all
bits ON is typically 100 uV P-P over 0.1 Hz to
5 MHz.

(o]

ORDERING INFORMATION

Model Temp. Range
DAC-681C Oto 70°C
DAC-681M  —55to +125°C

Trimming Potentiometer: TP50

THESE CONVERTERS ARE COVERED BY
GSA CONTRACT.
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STANDARD CONNECTIONS

UNIPOLAR OPERATION —See Output Range Selection Table
+5vVDC -15vDC
0.01uF 0.01uF

e
4

wF |  WF

DAC-681 EQUIVALENT CIRCUIT

K
«— 0TO5MA 2

()
5 @ )

+ 50Q 2K
v 7.975K a

1K OUTPUT
- o *—0 070 +0V)
3 —n—A®)
3.975K
12 7 *FOR VALUE SEE OUTPUT

TTL M = RANGE SELECTION TABLE
CONNECTION

BIPOLAR OPERATION—See Output Range Selection Table
+5VDC -15VDC
0.01uF 0.01uF

A
sy Y

WwF | F

DAC-681 EQUIVALENT CIRCUIT

<«— 0TO5MA

+ 50Q
10V 7.975K

OUTPUT
5V

b—o

Rg+

12 7 : “FOR VALUE SEE OUTPUT
TTL = RANGE SELECTION TABLE
CONNECTION ¥

OUTPUT VOLTAGE RANGE SELECTION (See Connection Diagrams Above)

OUTPUT Rg, BIAS

VOLTAGE CONNECT THESE COMP.

RANGE PINS TOGETHER RESISTOR*

0to +5V A& 10 9& 11 510

0to +10V A& 10 680

+2 5V A& 10 98& 11 88&9 7&B 430 *?arbon compcfnon resistor value used
rom amplifier + input terminalto ground

x5V A&10 8&9 7&B 560 to compensate for offset due to bias

i10\/ A & 1 1 8 & 9 7 & B 680 current.
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CALIBRATION AND APPLICATION

+10V REFERENCE CIRCUIT

Ry
3.57KM.F.

+15V

Rs 910 3

+6.4V 7
CODING TABLE —See Calibration Procedure o +0v
1N4573 A
(10ppm/°C) 4 500 Ra
OUTPUT VOLTAGE RANGE l

11111111 1111 1+4.9988V | +9.9976V | +2.4988V | +4.9976V | +9.9951V
1100 0000 0000 [+3.7500 +7.5000 +1.2500 +2.5000 +5.0000

INPUTCODE |0TO +5v] 07O +10V]| =25V +5V =10V ) ‘%R R, 1.43K M.F.
1000 0000 0000 |+2.5000 | +5.0000 0.0000 0.0000 0.0000 =

0100 0000 0000 |+12500 | +2.5000 | —1.2500 | —2.5000 | —5.0000 .

Adjust Rq for +10.000V out-
0000 0000 0001 |+0.0012 | +0.0024 | -24988 | —49976 | —9.9951 outFor best stability Rr & R,
0000 0000 0000 | 0.0000 00000 |-25000 | —5.0000 |-10.0000 should track each other

closely with temperature. R,
should be a low tempco trim-
ming pot or else a selected
metal film trim resistor.

CALIBRATION PROCEDURE

UNIPOLAR OPERATION BIPOLAR OPERATION
1. Setall digitalinputs LO. Adjust the output amplifier offset 1. Set all digital inputs LO. Adjust Bipolar Offset trimming
for O volts output. pot for one of the following output voltages:
2. Set all digital inputs HI. Adjust Gain trimming pot for an :gg& ;g; ig&:/a;agnege
output of 4 £S-1L.SB. ~10.0V for =10V range
FS-1LSB = +9.9976V for 0 to + 10V range.
= +4.9988V for 0 to +5V range. 2. Set bit 1 (MSB) input HI and all other digital inputs LO.

Adjust Gain trimming pot for 0 volts output.

CIRCUIT FOR FAST VOLTAGE OUTPUT CIRCUIT FOR FAST VOLTAGE OUTPUT
(1.5 LSEC. SETTLING) (0.5 LSEC. SETTLING)
3-20pF . 3-20pF
c cr
St ¥
—0 o
DAC-681 9 ~ DAC-681 9
AM-452 L5 oUTPUT L ouTPUT
07O +10V) ‘ oy 070 +10V
.
20K
680
ZERO ADJ. o3l % |
“ADJUST FOR OPTIMUM | ZERO
SETTLING = mv ADJ. 680 *ADJUST FOR OPTIMUM
SETTLING
5V
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FEATURES

DAC-7520: 10 Bit Resolution; 10 Bit Linearity
DAC-7521: 12 Bit Resolution; 10 Bit Linearity

Low Power Dissipation: 20 mW (Max) ‘

Current Settling Time: 500 nS to 0.05% of FSR
Supply Voltage Range: +5V to +15V
DTL/TTL/CMOS Compatible

Full Input Static Protection

Low Nonlinearity Tempco: 2 PPM of FSR/°C (Max)

10 & 12 Bit Monolithic

Multiplying D/ A Converters
DAC-7520, DAC-7521 Series

GENERAL DESCRIPTION

The DAC-7520 and DAC-7521 are monolithic, high accuracy,
low cost 10-bit and 12-bit resolution, multiplying digital-to-
analog converters. DATEL-INTERSIL's thin-film on CMOS
process enables 10-bit accuracy with DTL/TTL/CMOS com-
patible operation. Digital inputs are fully protected against
static discharge by compensating diodes to ground and posi-
tive supply.

Typical applications for the DAC-7520 and DAC-7521 in-
clude: digital/analog interfacing, multiplication and division;
programmable power supplies; CRT character generation; di-
gitally controlled gain circuits, integrators and attenuators,

etc.

FUNCTIONAL DIAGRAM

VRer 10K () 10K} 10K} 10K}

(15/17)

20K () 20K

= 3

1 1 |
spoT M| ! !
Nmos | ! ‘1 L1 1 olouts (2)
swiTcHes | ! i |
+ + t ' o 1ot (1)
: 1 !
! ! 10K}
é Py Iy L RFeEDBACK
MSB BIT2 BIT3 (16/18)
4) (5) (6)

(Switches shown for Digital Inputs “High™)

CHIP TOPOGRAPHY

loutz  louT

RFB Vrer VoD

_M BiT12

2.235 mm
~4# BIT11
! BIT2 BIT10
! BIT3 ._'l__ﬂ = o
- Gt il Lt e e

| BIT4 BITS BIT6 BIT7 BIT8 I

‘« SR

_0.098in ___
2.489 mm

T

ORDERING INFORMATION

OPER. TEMP.
MODEL RESOLUTION RANGE PACKAGE
DAC-7520C 10 Bits Oto +70°C| EPOXY
DAC-7520R —-25to +85°C| CERDIP
DAC-7520M —55to0 +125°C | CERDIP
DAC-7521C 12 Bits Oto +70°C| EPOXY
DAC-7521R —-25to +85°C| CERDIP
DAC-7521M —55t0 +125°C | CERDIP

PIN CONFIGURATION

TOP VIEW
DAC-7520
louti [T{e 6] RFEEDBACK
lourz [Z] [15] Vher
GND 3]} 73] Voo (+)
BIT 1 (MSB)[E] 3] BIT 10 (LSB)
BIT 2 (5] [2]BIT 9
BIT 3 (€] [11]BIT 8
BIT 4 [7] o) 81T 7
BIT5[E 51BIT6
DAC-7521
TouT II:_VTEI RFEEDBACK
lout2 (2} 7] Vrer
GND (3] [16] Voo (+)
BIT 1 (MSB) 7] [75] BIT 12 (LSB)
BIT 2 (5] 73] BIT 11
BIT 3 7] 3] BIT 10
BIT 4 [7] 12 BIT 9
BIT 5 [8] [77] BIT 8
BIT 6 [3] 0] BIT 7

ut;!;gs!nbov ejeq

DATEL-INTERSIL, INC., 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340
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