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LIMITED WARRANTY 

Ohio Scientific, Inc., 1333 S. Chillicothe Rd., Aurora, Ohio 
44202 (the "WarrantoI'") hereby warrants to the original purchaser 
that its hardware equipment will be free from defects in materials 
and workmanship for a period of ninety (90) days from the date 
of receipt by purchaser when operated and maintained in accordance 
with Ohio Scientific's recommendations. This warranty includes 
power supplies and floppy disk drives. It specifically excludes 
terminals, video monitors, audio cassettes and keyboards not 
manufactured by Ohio Scientific. 

Ohio Scie~tific warrants its software against media that is 
defective such that it is not readable by the computer system 
for a period of ninety (90) days from the date of receipt by 
purchaser. The software is thoroughly tested and thought to 
be reasonably bug-free when released. Ohio Scientific maintains 
a full staff of software experts and will endeavor to correct 
any serious bugs that may be discovered in the software after 
release in a resonable amount· of time. However, this is a 
statement of intent and not a warranty or guarantee in such 
event. (Software sold with annual site licenses offer additional 
support commitments. See their contracts for details.) 

You must have purchased the product from a duly authorized Ohio 
Scientific dealer whose name appears in Ohio Scientific's current 
dealer listing to qualify for the 90 day warranty. Ohio Scientific 
makes no other express warranty than·that made above. Any implied 
warranty, including but not limited to the implied warranty of 
MERCHANTABILITY or fitness for a particular purpose, shall not 
be extended beyond the ninety (90) day period. 

Ohio Scientific's obligation under the above warranty is limited 
to the repair of the product·, without charge, if it is defective 
and has not been misused, carelessly·handled, or defaced by 
repairs made or attempted by others and it is returned to Ohio 
Scientific for repair. Ohio Scientific shall not be liable for 
any other loss or damage reSUlting directly or indirectly from 
the defect in the product including, but not limited to, incidental 
or consequential damages for lost profits, lost sales, injury to 
person or property, or any other incidental or consequential loss. 

In the event that you desire to obtain performance of any warranty 
obligation, please return the product in its original or other 
adequate packaging to Ohio Scientific, Inc. or by prio.r arrangement 
to the dealer from whom you purchased the unit. 

Ohio Scientific reserves the ultimate authority to determine 
what constitutes in-warranty repair in circumstances where 
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circuit modification, abuse, misuse, or shipping damage occurs. 
If it is determined that the product is not under warranty, it 
will be repaired using Ohio Scientific's standard rates for parts 
and labor. Ohio Scientific will use its best efforts to repair 
the product within three weeks after receipt thereof. However, 
Ohio Scientific shall not be responsible for delays beyond its 
control such as, but not limited to, those caused by shipping 
or long delivery of replacement components. 

The 'warranty contained herein is the only warranty which any 
Ohio Scientific dealer is authorized to give in conjunction 
with the product. Ohio Scientific shall not be bound by any 
other warranty made by the dealer to the purchaser. The support 
of such warranty or maintenance contract is the sole responsib
ility of the dealer offering the warranty. 

When requesting performance under the terms of this warranty, 
the original purchase date or date of purchaser's receipt of 
the product must be established by means of a bill of sale, 
invoice, or other acceptable documentation. 

This warranty gives you specific legal rights, and you may also 
have other rights which vary from state to state. 

If there are any questions about this warranty, or if a complaint 
has not been answered by the dealer-to your satisfaction, please 
contact: 

OHIO SCIENTIFIC, INC. 
1333 So Cnillico~he Rd. 
Aurora, Ohio ~~202 

Attn: Warranty Information 
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WARRANTY INFORMATION 

Name Phone ( ------------------------------------ )---------------
Street --------------------------------------------------------------City __________________________ _ State -----------------

Zip ____ _ 

Purchased from ---------------------- Date of purchase --------
Model Number Serial Number ------------------- --------------------"C se-e nameplate on back) 

Please complete the following additional information so that we 
may be better able to meet your requirements in the future. 

Age __ _ 

Education ( 
-- ------- - ( 

( 

) high school 
) college 
) graduate 

Occupation ---------------------
Use of computer ( ) home 

( ) business 
( ) school 

Software purchased? ( 
( 

) yes 
) no 

Peripherals ( 
purchased ( 

( 

) terminal 
) printer 
) other -----

Where you learned of OSI 
( ) friend 
( ) magazine 
( ) trade sh-o-w-----------------
( ) dealer 
( ) other ----------------------
Plans to expand system ( 

( 
) yes 
) no 

Additional software desired but not available 

Was dealer helpful? ( 
( 

) yes 
) no 

---------------------
---- ------ ----_._----

Does he carry full line of 
accessories? ( 

( 
) yes 
) no 

-------------------------------------------------------------------- -------- ... -. -- _. 

Please mail this completed form upon receipt of your computer" to: 

OHIO SCIENTIFIC, INC. 
1333 S. Chillicothe Rd. 
Aurora, Ohio 44202 

Attn: Warranty Information 
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AN INTRODUCTION TO THE OHIO SCIENTIFIC SIXTEEN PIN IIO BUS 

Ohio Scientific is pleased to introduce a unique new product 

line - The 16 Pin liD BUS. With this system, it is possible to 

add up to eight special function boards while occupying only the 

backplane slot. 

This is made possible by a novel BUS extension method which 

allows decoding, timing and eight bits of data to be carried on 

standard, inexpensive 16 pin ribbon cables. 

Up to eight inexpensive 16 pin cables with standard DIP 

connectors may be attached to a single CA-20 board which in turn 

occupies one slot of the standard Challenger backplane. Alter

nately, one 16 pin liD BUS cable may be attached to the CA-15 

board at the rear of all C4P and CSP products. Note, in the case 

of the C4P-MF this allows system expansion beyond the normal four 

slot backplane. 

Currently five HEAD END CARDS are available for inter

connection to the system via the CA-20 or CA-15 boards. 

Computer Interface to Sixteen Pin rio BUS 

The 16 pin I/O BUS may be attached to your computer via 

two different boards - the CA-15 or the CA-20. The descriptions 

of these boards are as follows: 

CA-15 Board 

The CA-15 board is a standard accessory interface installed 

on the following Ohio Scientific systems: C4P-MF, C4P-DMF, 

and CSP-DF. 

The CA-15 is mounted at the rear of the computer and contains 

the following interface connections: 

Joystick and numeric keypad 
Modem and serial printer 
Sixteen PIA lines (normally used for the Home Security 

system - AC-17P) 
Sixteen Pin IIO BUS 
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The interconnect for the Sixteen Pin IIO BUS is simply·a ~ 

16 pin DIP socket. To use the BUS, all that you have to do is 

attach one end of the 16 pin ribbon cable tp the CA-1S board 

and the other end of the cable to one of the HEAD END CARDSo 

Please note that some of the HEAD END CARDS require more 

power than may be practically carried via the ribbon cable alone. 

TherefQre} some of the cards require auxiliary power supplieso 

CA-20 Board 

The CA-20 board contains all the necessary logic to d~code 

eight distinct HEAD END CARD interfaceso The actual interconnect, 

as with the CA-1S, is via simple 16 pin DIP sockets and standard 

16 pin ribbon cableso 

The CA-20 board also requires one slot of your computer's 

backplane. But remember, from this one slot you gain access to 

a maximum of eight accessory boards. 

The CA-20 is recommended for use in the Ohio Scientific 

C2 aeries and C3 series computers 0 It can also be installed in 

C~P and cap series systems with some modification to the CA-lS 

interface. 

Since the logic requ~ed for the I/O BUS interface is 

simple, an additional feature was added to the CA-20 board - a 

crystal controlled "time-of-day" clock (hardware) subsystem. 

The operation of the clock, excepting reading time and setting 

time, is totally independent of th~ host computer. As a matter 

of fact, with the included on-board, auto-recharging, battery 

back-up, your computer may actually be turned off for several 

months without losing time. 
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The features of the clock subsystem are as follows: 

Hours, minutes, seconds and 1/10 seconds 
~ay of week 
Day of month 
Month of year 
Four Year calendar 

If you happen to own (or use) a C2 series or C3 series 

computer, the CA-20 board can actually control the power cycling 

of the entire computer when equipped with an optional power 

sequencer package. This means you can preset a time (month, 

day, hour, etc.) within the clock subsystem and when that preset 

time.agrees with the actual time, A.C. power is applied to the 

ent~e computer system through the power sequencer. At a later 

time, the system r S A. C. power may also be removed and the system 

shut down under software/clock subsystem control • 

. For applications where the clock subsystem is not required, 

the CA-20A w.ill perform all the Sixteen Pin I/O BUS functions 

associated with full-feature CA-20. 

HEAD END CARDS 

HEAD END CARDS is a general name used to describe any or 

all of the special function boards which attach· to the Ohio 

Scientific Sixteen Pin I/O BUS. There are currently five 

such boards and, with the exception of the CA-22, they will 

only interface with the computer via the Sixteen· Pin I/O BUS. 

Please note, as detailed earlier, you must use a CA-1S or 

a CA-20 board at the "computer end" of the Six-ceen Pin I/O BUS 

to complete the interface. 
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In the following pages a brief product and application ~ 

description of the currently available HEAD END CARDS will be 

presen-ted. 

Bit Switching and Sensing - The CA-21 

The CA-21 is a 48 line parallel I/O board featuring -three 

6821 PIAs (peripheral interface adap-ters) and prototyping/inter-

connect areas. 

The use of PIAs in the design allows for maximum in-terface 

versatility as you may configure anyone of the 48 I/O lines as 

either an input or an outpu-t. As outputs, each line is capable 

of driving a minimum of one standard TTL load. 

Additional versatility is added because 24 of the lines, 

when configured as outputs, may simultaneously func-tion as 

inputs. This feature, although somewha-t confusing, is extremely 

useful for applications such as switch matrix decoding. 

Each of the 48 lines is brought ou-t to two foil pads 

(suitable for wire wrap stakes) as well as a location on one of 

four 12 pin Molex-type female edge connectors. There are also 

eight 16 pin DIP socket locations which are in-tended for use as 

prototyping areas. Additionally, -the 12 PIA "hand-shaking" 

lines are brought to 12 single foil pads. 

The CA-21, with proper buffering, may be used 'for virtually 

any computer controll'ed bit switching or bit sensing application 

that you can imagine. With a full complement of eight CA-2ls 

interfaced via the CA-20, a total of 384 individually controllable 

I/O lines are possible! 
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An interesting application using one CA-2l board would be 

a complete, if somewhat slow, emulation of the standard Ohio 

Scientific BUS. 

_ A more standard application might be augmenting the standard 

Home Security System (AC-l7P) with "hard-wired" sensors. 

One type of sensor you could easily add is a standard 

window. "perimeter detector". This could be done with commercially 

available adhesive foil tape. You could then detect a break-in 

(through a broken window) by sensing a break in the foil tapeo 

Another useful application you could set up in concert with 

the AC-l2P wireless A.C. Remote Control, might be sensing when 

a rqQm is entered. You could accomplish this with pressure

switch door mats or door switches. When room entry is detected, 

the lights could be turned on or, turned off on exit. 

If you are designing any sort of dedicated control system, 

the CA-2l is an ideal choice. You can easily sense many 

typ~~ of input (pressure transducers, flow sensors, switches, 

etc.) while controlling outputs from a simple single LED display 

to a network of solid state relays controlling A.C. power. 

EPROM Programmer - The CA-23. --.----------"-

The CA-23 is an EPROM programmer designed for use with the 

growing families of 5 volt only EPROMS. With the CA-23 you can 

program and verify all lK through 8K b~e EPROMS of this type. 

--Note these parts are often identified as 8K - 641<· bIt EPROMS-. 

The CA-23 can program (or verify) data in two basic modes -

EPROM to/from EPROM or EPROM to/from computer RAM memory. 
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Additionally, EPROM data may be read directly into the computer's ~ 

RAM memory. 

There are four LED indicators on the CA-23. The first is 

"SOCKET UNSAFE". This means that a programming voltage is 

present at the socket and if you insert or re~ove an EPROM it is 

likely to be damaged. 

The second indicator is "PROGRAMMING". This means that your 

EPROM is currently being programmed. 

The third indicator is "ERROR". This means that somewhere 

along the line your programming attempt was unsuccessful 0 

The final indicator is "PROGRAM COMPLETE". This means that 

your program and verification was successful 0 

The most intriguing application for this product is the 

creation of "custom" parts for your computer or peripherals. 

This could range from a new system monitor to a new high level 

language. It could even include a new character generator forO 

your CRT or printer. Note, howev~r, tinkering around with the 

internals of computers and peripherals requires a fairly high 

degree of technical expertise. Also, most manufacturer's 

warranties are voided by these types of modificationso 

Several. OEM (original equipment manufacture) and Research/ 

Development applications will be immediately obvious to those of 

you involved in that work. 

The CA-23, as previously mentioned, is designed for use 

with lK through 8K byte EPROM~. These parts come in various 

package styles and have various product names. For example, 

Intel's 2K x 8 part is the 2716, Texas Instruments' part is ~ 
known as the 2516. 
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The CA-23 has both 2~ pin and 28 pin zero insertion force 

sockets for reading, programming and verifying the EPROMS. 

Prototyping ---- The CA-2~ 

The CA-2~ is a solderless bread-board designed for proto

typing, experimental and educational applications. 

The bread-boarding is made up of seven solderless plug-strips 

of the type manufactured by AP Products. Two of the plug-strips 

contain a connection matrix of 5 by 5~ connections and are used 

as signal distribution points. Another pair of 96 location 
I 

plug-strips are for powering the bread-board area. The actual 

experimenter area is comprised of three plug-strips, each with 

a 10 by 6~ location connection matrix. Additionally, sixteen 

LED indicators and sixteen DIP switch positions- are provided for 

signal observation and control functions. 

Board I/O is via TTL latches and bi-directional PIA pe~rs 

as well as direct (buffered) data, signal and control lines from 
. , 

the computer BUS. This method allows you to directly interconnect 

devices such as 6850 ACIAs in addition to doing more "isolated" 

and/or independent circuits. 

The CA-2'+ also contains a "clock" generator which is 

continuously variable from approximately 25,000 Hz. through 

7.0,000 Hz. You may also connect the clock to an on-board 16 

__ stag~.divider chain. This allows division of the fundamental 

frequency by as little as 21 (2) to as much as-2 l6 (S5,536). 

The applications for the CA-2~ are primarily prototyping 

and experimenting. Parts may be inserted and removed from the 
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terminal strip blocks over and over. Interconnection of parts ~ 

is accomplished simply with solid, narrow gauge wire jumpers. 

Errors in design or connection are extremely easy to correct~ 

The CA-2~ lends itself very well to structured experiments 

that are common in the educational environment. It is an ideal 

tool to aid in the teaching of computer and computer interface 

fundamentals. 

Accessory Interface ---- The CA-25 

The CA-2S is designed to implement some of the functions 

normally associated with the CA-1S interface board. 

It allows you to directly connect the Home Security System 

(AC-17P) and/or the Wireless A.C. Remote Control System (AC-12P) 

to C2 and C3 series computers. Additionally, if you own an older~ 

Ohio Scientific computer, you can now easily connect these systems J 

to it. 

An extremely useful application of the CA-25 is associated 

with small business systems. Using the CA-2S with the Home 

Security System, and perhaps a CA-lSV (Universal Telephone 

Interface with speech synthesizer output), the computer could 

do payroll, inventory, etc. by day and "guard" the shop by night. 

Analog I/O - The CA-22 

The CA-22 is a high speed analog IIO module. Although the 

CA-22 is classified as a HEAD END CARD, it differs from the rest 

of the family in that it may also be plugged directly into the 

computer's standard internal BUS 0 This allows for maximum 

flexibility in the use of the CA-22. 
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The analog input section of the CA-22 consists of a 

16 channel analog multiplexer. This means that you may connect 

up to 16 separate signals directly to the CA-22. Also included 

is a sample and hold circuit followed by the analog to digital 

converter circuitry. 

The A to D converter is capable of either 8 bit or 12 bit 

operation. You may select these options under software control. 

The accuracy of the converter is plus or minus one in 

the least significant bit. The stability of the circuit is 

rated at one millivolt drift per degree Centigrade. 

The A to D conversion is extremely fast. It is capable 

of digitizing up to 66,000 samples per second in the 8 bit 

conversion mode and 28,000 samples per second in the 12 bit mode. 

Shannon Sampling Theory states that signals should be sampled at 

twice the highe~t frequency present. There"fore, it is possible for 

you to convert signals". with a frequency greater than 30K Hz. 

Clearly, high fidelity audio is well within the spectrum of 

the CA-22. 

The multiplexer has very high impedance inputs and is 

c~pable of accepting inputs in the range of -10 volts through 

+10 volts. The input is jumper selectable for other settings 

including a single sided range of 0 through +10 volts. 

Due to the indeterminable nature of the actual inputs' 

.that you may actually apply to the CA-22, only-the multiplexer -

inputs are brought out. However, a quad op-amp is laid out in 

foil which you may populate in several different modes to handle 

some of the more "common n L,put configurations. 
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The analog output section of the CA-22 consists of two ~ 

identical high speed digital to analog converters. Each DAC 

can convert either 8 bits or 12 bits of data. Data input to 

the DACs is latched in such a manner that, when in the 8 bit 

conversion mode, the other four Cof the total of twelve) bits 

are continuously output at a predefined value. You may, of 

course,. define that value under software control. 

The output of each DAC is buffered with a high speed op

amp capable of changing output voltage at the rate of 20 volts 

per microsecond. The standard configuration of each output is 

bi-polar with a voltage swing of -10 volts through +10 volts. 

This is jumper selectable to allow a uni-polar output of 0 

through. +10 volts. 

Some additional I/O capacity is provided on the CA-22. 

There are three TTL level inputs and six open collector logic 

outputs. These are strappable to be either standard TTL level 

outputs or high-voltage outputs. 

You can use the CA-22 for a multitude of analog sensing 

and/or analog controlling applications. 

Using the proper transducers and the 16 input channels, 

you can monitor the temperature in several zones of a home or 

office. By extending this system with a CA-21, you could 

maintain precise temperatures by switching the proper controls 

on and off. 

Another interesting, if somewhat obvious application, is 

in audio processing. Reverberation, phase shifting and echoing 

are just a few of the uses you could implement. 
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If you used blocks of RAM for data storage, other appli

cations such as frequency doubling, etc., could be experimented 

with. 

If you apply more sophisticated software techniques, such 

as a fast Fourier transform., on st·ored input data, very elaborate 

signal processing becomes realizable. Projects such as audio 

spectrum analyzers and speech recognition experiments are 

certainly practical. Note, in these types of applications you 

are likely to find some signal pre-processing in hardware 

is certainly beneficial - if not totally necessary. 

If you employ both DAC outputs and the on-board unblanking 

circuit, X-Y oscilloscope plotting is an interesting application. 

By using these techniques and one or more of the analog inputs, 

you. can construct a digital storage scope. Note, both of thes·e 

applications require that you have access to an oscilloscope 

capable of X-Y input as well as blanking. 

Summary 

With the introduction of the 16 pin IIO BUS, Ohio Scientific 

has opened a new world of interfacing capabilities for both 

the large and the small computer user. 

Systems ranging from totally automated sampling and 

control stations to complete RID setups to educational lab 

stations are now available to you via standard building blocks 

and standard computer systems. 

For pricing and availability, contact your nearest Ohio 

Scientific dealer. 
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CA-22 

Overview 

The analog I/O (input/output) board is a high performance 

analog to digital (A/D) and digital to analog converter (DAC) 

interface board with the following features: 

16 channel (multiplexed) 12 or 8 bit AID (analog to digital 

converter) with S/H (sample and hold) and very high impedance 

inputs. The CA-22 Analog I/O (input/output) provides the 

capability of converting up to 16 channels of continuous signals 

into discrete digital values which can be processed on your OSI 

computer. The user's program can scan one channel (PORT) contin

uously or all sixteen, or any combination, with each individual 

port selectively converted at 8 or 12 bit resolution, depending 

on the requirements of the application. High sampling rates with 

high resolution are available. A resolution of 12 bits (n.025% of 

full scale reading) or 8 bits (0.~% of full scale reading) may 

be selected. The software to control data acquisition is very 

simple and straightforward. Since the conversion is performed 

completely by the successive approximation type converter, no 

software conversion routines are required. The user's program 

need only instruct the CA-22 which port and at what resolution. 

This allows the processor complete freedom during the hardware 

conversion process to perform other tasks if required. This 

also allows the use of hig~ level languages such as BASIC as well 

as machine code routines. The 16 port AID is strappable to 

several unipolar (positive excursions from the ground reference) 

or bipolar (positive or negative excursions) to take full advantage 
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of the resolution of the converter. The maximum FSR (full ~ 
scale range) is +10V to -10V (20V peak/peak) at 4.8 millivolt 

resolution per bit for 12 bit resolution (see chart, Figure 1, 

in another section of this manual for possible FSR ranges); 

8 bit resolution of +/- 10 volts corresponds to 78 millivolt 

resolution. 

Data and control are handled by use of dedicated addresses 

(device registers)· which are treated as memory addresses. 

Additionally, three logical input lines and six logical output 

lines are provided on the·J4 connector on the CA-22 board. These 

logical lines permit convenient interconnection to external 

circuits. The logic line data is also available in registers 

for normal programming. 

The resolution of the CA-22 board is consistent with many 

process control and laboratory instrumentation demands; high 

fidelity· audio processing can be easily accommodated with these 

capabilities. 

Two 12 Bit D/A channels (digital to analog converters). Each 

D/A channel is identical and operates independently of the other. 

They may be operated direc~ly in either the 8 bit or 12 bit 

mode at the discretion of the user depending on the resolution 

required. Each D/A may be independently strapped to several 

FSR ranges from SV peak/peak to 20V peak/peak. The FSR range 

capability is identical to that of the A/D converter as is 

the bit resolution. Each D/A incorporates a current driven 

buffer for protection of the A/D and to provide very fast slew 

rates (voltage change vs time). Each D/A is capable of FSR ~ 
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voltage swings (-10V to +10V) in less than two millionths of 

a second (2 microseconds) including switching, slewing and 

settling time. 

Logic Control Inputs/Outputs 

Some applications may require logic control of the device 

the CA-22 is interfaced to,such as servo-drive direction and master 

enables', tape recorder control, or remote sensor enables. Six 

logic outputs and three logic inputs have been provided for this 

reason. The six outputs are latched, negative is true, buffered 

open collector drivers. These are configured as TTL compatible 

as shipped from the factory but can be strapped for higher voltage 

operation (up to 30V) by the user. The three inputs are TTL 

compatible with termination capability in artwork (user populated 

resistors). 

X-y Scope Plotting 

The CA-22 is provided with circuits to enable X-Y scope 

plotting by the user. The user must have access to an oscilloscope 

with X-Y inputs and an intensity or blanking input (usually found 

on the back of the scope). The two D/A converters provide the 

X-Y outputs and an output from the CA-22 (unblank) provides the 

blanking control. Many applications are possible using this 

technique including a digital or analog storage scope. 

HEAD END CARD or Motherboard Installation 

The CA-22 is unique compared to other 'HEAD END CARDS·' 

because it can be installed inside the computers card cage 

connected to the standard bus or outside of it on the OSI 

accessory bus for "hands on" use. See the installation section 

for more information. 
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Artwork Conveniences 

In some applications the user may wish to pre-process the 

incoming analog information (filters, preamplifiers, summing 

amplifier, etc.) to lighten the load of the processor in "Real 

Time" or to decrease the complexity of the software required in 

advanced applications or experiments such as voice recognition, 

audio processing, etc. An area in artwork is included that 

provides the interconnections required to construct most of the 

typical op-amp circuits discussed. Also provided is a prototyping 

: 

grid for digital or analog circuits the "user may deem necessary ~ 
for the application intended. Parts for these circuits are 

supplied by the" user. Refer to other sections of this manual for 

more detail. 

Summation 

The CA-22 is a very accurate, fast analog interface module 

that can be used in a vast amount of different applications or 

experiments. The software to control the data acquisition is 

very simple and in some cases such as continuous (8) bit con

versions of only one channel, the software need only read a 

location to obtain valid and continuously updated AID information. 
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The A/D conversion rates 68,000 (8) bit or 28,000 (12) bit 

conversions per second and the accuracy (+/- lLS) and the D/A 

conversion rate of full scale resolution swing in under two 

microseconds and an error of only (+/- 1LS) certainly would 

suggest many possible applications to the user. Some of these may 

be high fidelity audio processing, speech input/output lab, 

process control or home/business environmental control. 

The conversion rates mentioned above are for single port 

conversion. The conversion rate of each channel when polling 

the ports will be slightly slower than the conversion rate 

divided by, the number of ports polled. The above rates 

(68,000 - 8 bit or 28,000 - 12 bit) are a conservative figure. 

In actual practice the rates should be closer to 30,000 (12) 

bit and 70,000 (8) bit conversions per second, although these 

are not guaranteed. 

-16-



I .... -.
.,J

 

I 

C
A

-2
2 

I/
O

 A
SS

IG
N

M
EN

TS
 

R/
W

 
HE

X 
DE

G'
!IM

AL
 

R
EG

IS
TE

R
 

7 
6 

5 
4 

R
 

C
7/

it0
 

51
19

52
 

DA
TA

 
A

D
II

 
AD

 l
' 

A
D

9 
AD

O 

R
 

C
7f

J9
 

51
19

5]
 

ST
A

TU
S/

D
A

TA
 

19
R

D
Y

 
I/

O
IN

6
. 

I/
O

IN
5 

I/
O

IN
4 

L=
12

 
B

IT
 

1
-

II=
FL

A
G

 
W

 
C7

f1
A

 
59

95
4 

CO
N

TR
O

L 
F

:8
 B

IT
 

E
N

-I
N

T
 

EN
A

BL
E 

X
 

W
 

C
7f

6B
 

5(
19

55
 

LO
G

IC
 O

U
T 

. 
X

 
X

 
00

'1
'5

 
O

U
T4

 

W
 

C7
16

C 
5f

19
56

 
D

A
C

I-
H

IG
H

 
0

1
1

 
0

1
_

 
D

9 
D

8 

W
 

C
7/

10
 

5l
if9

57
 

D
A

CI
-L

O
W

 
X

 
X

 
X

 
X

 

W
 

C
7/

1E
 

51
19

50
 

D
A

C
2-

II
IG

H
 

D
l1

 
0

1
, 

D
9 

DO
 

W
 

C
7/

1F
 

51
19

59
 

D
A

C2
-L

O
W

 
X

 
X

 
X

 
X

 

R/
W

 :
:=

 
RE

AD
 O

NL
Y 

(R
) 

O
R 

W
R

IT
E 

ON
LY

 
(W

) 

S
IG

 N
AM

E 
g 

LO
G

IC
 O

U
TP

U
TS

 A
RE

 L
ON

 T
RU

E 
(,

g
l)

 

J 
J 

3 
2 

l 

" 
A

D
7 

A
D

6 
A

D
5 

A
04

 

A
D

] 
A

D
2 

A
D

I 
AD

/it
 

N
O

 
M

C 
M

B 
M

A 

O
U

T]
 

01
Jl

'2
 

O
U

TI
 

O
U
T
~
 

D
7 

D
6 

D
5 

D
4 

D
3 

D
2 

D
l 

01
1 

D
7 

D
6 

0
5

 
D

4 

D
J 

D
2 

D
l 

D
~
 

'<C
. 

'"J
 

'.
 



· , 

Software 

The analog to digital converter hardware is configured such 

that several different modes of data acquisition are available. 

A flag is provided that is used to inform the user that a new 

conversion is complete and updated data is available. This flag 

must always be used in the 12 bit mode and mayor may not be used 

in the 8 bit mode at the discretion of the user. 

The flag is necessary in 12 bit operation since a 12 bit 

word is being processed by an 8 bit machine. If the status 

register is read and the flag is valid the hardware sets an 

internal status register which prevents the data buffer from being 

modified until after the computer has read the second byte. There

fore, t~ere are no timing considerations that must be observed in 

this operation other than the order of data acquisition which is 

the 4LSB's first and the 8 MSB second. The only other consideration 

in the flag mode is if one or all of the three TTL inputs (which are 

returned in the status register) are to be used, they must not be 

independently accessed. That is, the three inputs should be 

scanned only when reading the status register while looking for a 

data valid flag; when a valid data flag is returned the digital 

data can be masked from the analog data and immediately processed 

or stored. Repeatedly reading the status register, when the data 

conversion is complete, will result in the most significant bits 

of data being held constant, i.e. not being updated. For this 

reason, the sample program #1 is the preferred way to program. 
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If it is not required by the application, the flag circuitry ~ 

may be turned off in the 8 bit mode. Reading the AID information 

is then done simply by reading a location ($C7~8). 

Analog input port selection is done by writing to $C7nA. 

When scanning ports the flag mode should be used to insure an up

dated conversion of the selected port is complete. Bits MA to 

MD=0 would select port 0 and bits MA to MD=15 would select port 15. 

If port 2 is to be read using the flag mode, the correct data to 

store at $C70A would be $02 for 8 bit operating and $82 for 12 bit 

operation. This value should be stored twice in immediate succession 

to force a new conversion of the new port. $C709 would then be read 

checking D7 for a 1 or valid data flag. When the flag is received, 

the lower ~ bits of a 12 bit conversion are returned in D0-D3 and 

in 8 bit conversions these ~ bits are simply ignored. Also during ~ 

this time, the three TTL inputs are returned in D~-D6 of $C709. 

The most significant (MS) 8 bits of a 12 bit conversion and the 8 

bits of an 8 bit conversion are then simply reading $C708. $C708 

will not be modified by the hardware until it has been read. 

EX.l. 12 Bit Mode 

Initialize the control register ($C70A) to 12 bit, 
enable flag and select port (lX0XXXXX)0 When valid 
data is available, D7 of $C709 will be a one. On 
the cycle that a valid data flag is received the 
least significant ~ bits of the conversion are 
returned in D3-D0, and the most significant 8 bits 
are available at $C708, which are latched and will 
not be updated again until after $C708 has been read. 
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EX.2. 8 Bit Mode With Flag 

Initialize control register ($C70A) to 8 bit, enable 
flag and select port C~X0XXXXX). When valid data is 
available, D7 of $C709 will be a one. After the 
valid data flag is read, the 8 bit conversion data 
is available at $C708 and will not be updated until 
after it is read. 

EX.3. 8 Bit Mode No Flag 

Initialize control register C$C70A) to 8 bit, disable 
flag and select port C0X1X-XXXX). After initializing 
or any write to $C7~A to change ports a period of at 
least 20us must be allowed before valid data is 
available at $C708. Thereafter, the data will always 
be valid and updating. 

Control of the two 12 bit D/A converters is handled by simply 

storing data in two buffers for each AID. 

The least significant four bits are stored in a hardware 

buffer and are not presented to the D/A until the MS eight bits 

are written. A 12 bit word would be written to DAC1 by writing 

the LS four bits to $C70D then the M~ eight bits to $C70C. If 

8 bit operation is desired, the LS four bits should be initialized 

once at the beginning of the program and, thereafter, only the MS 

eight bits would be written to $C7~C. DAC2 operation is identical, 

with the LS four bit buffer at $C7~F and the MS eight bit buffer 

at $C70E. The DAC order of magnitude is D7=MSB (most significant 

bit) and D~=LSB (least significant bit). 
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Audio Demonstration 

An interesting experiment or demonstration of the audio 

processing capability of the CA-22 would be to connect the output 

of the preamplifier from a radio, tape player, etc., to an input 

of the CA-22 then one of the D/A outputs to the input of an 

audio amplifier. A simple program could then be used to simply 

'pass' the converted audio data from input to output of the analog 

board. If good quality audio equipment is used in this experiment 

the high fidelity capability of the CA-22 will be realized. Connect 

the preamplifier output to Port #21 at J2 Pin 1 and the ground to 

~Pin 2 (use shielded cable). Connect the audio amplifier to 

DACI at J2 Pin 12 and the ground to J2 Pin 11 (use sh~elded cable). 

The program found in this manual (PROG. 1) should then be executed 

and the audio adjusted to a suitable level. Progo 1 instructs 

the AID to do 12-bit conversions of the audio signal then transfers 

the digital encoded audio data to DACI for conversion back to 

audio. This program could be easily modified to perform 8 bit 

conversions. Change the #$8" in line 2m" to #m and delete line 

2821. Both of the above programs use the flag mode. In 8-bit 

audio processing the flag is not usually required 0 To convert 

Prog.l to 8-bit mode using no flag change the #$8" in line 2212) 

to #$2.", delete lines 22", 26", 270, and 2821. The label "LOOP" 

should be inserted in line 290. The FSR (full scale range) of 

the AID and DIA may have to be lowered for this experiment 0 
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~0 

20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 

C70S= 
C709= 
C70A= 
C70C= 
C70D= 

4000 

4000 Ft9S0 
4002 e00AC7 
4005 800AC7 

; ***************************** 
; ** PROG.:1. ** 
; 
; 

; 
; 

; 

; 

***************************** 
** A/O O/A SAMPLE PROGRAM ** 
** READ ANALOG XNPUT PORT 0** 
** AND OUTPUT TO OAC 1 12 ** 
** BXT RESOLUTZON. REPEAT ** 
***************************** 

ADHJ:GH=:SC70S 
FtDLOW =:SC709 
CONTRL=$C70A 
OAC1H =:SC70C 
DAC1L =$C700 
; 

J 

A/O MS(S) BZTS (07)=MSB 
Ft/D LS(4) BJ:TS & FLAG (00)=LSB 
CONTROL REGZSTER WRI/ONLY 
O/A(:1.) MS(S) BITS & WORD STRB 
O/A(:1.) LS(4) BIT BUFFER 

OBJECT CODE DESTINATION 

**** INITZALIZE **** 
; 

START LOA #$ae 
STA CONTRL 
STFt CONTRL 

12 BIT,FLAG ENABLE~PORT(0) 
INITIALIZE PARAMETERS 
FORCE NEW CONVERSION 

**** MAIN BODY **** 

260 4008 A009C7 LOOP 
2713 400B 10FB 

LOA AD LOW 
BPL LOOP 
STFt OAC1L 
LOA FtOHIGH 
STFt OAC1.H 
JI'1P LOOP 

GET CONVERSION STATUS 
IF (07)=0 NOT READY 

280 4000 8000C7 
290 40:10 A00SC7 
300 4013 S00CC7 
310 4016 4C0840 
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STORE VALID DATA OAe BUFFER 
GET MS(S) BZTS 
AND STROBE OAC W/~2 BIT DATA 
GO 00 :IT FtGAJ:N 
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j.0 
20 
3et 
40 
50 
60 
70 
S0 
90 

~00 

1~0 
j.20 
130 
~40 C70S= 
130 C709= 
~60 C70A= 
j.70 C708= 
j.80 C70C= 
~90 C700= 
200 C70E= 
2~0 C70F= 
220 
230 4000 
240 
250 
260 4000 A99F 
270 4002 SD0FC7 
2S0 
290 
300 
3j.0 4005 A9se 
320 4007 202:1.40 
330 400A SDaOC7 
340 4000 ADeSC7· 
350 40~0 80eCC7 
360 40j.3 A901 
370 40:1.5 202:140 
380 40~a Aoese7 
390 40~B S09EC7 
400 40:1E 4C9S40 
4j.0 402~ soaAC7 
420 4024 SOaRC? 
430-4027 A099C7 
440 402A ~SFB 
430 402C 60 

; ************************** 
** PRO~2 ** 

; ************************** 
; ** A/O D/A SAMPLE PRO~ ** 

** READ ANALOG ZNPUT ** 
; ** PORT(0) AND OUTPUT TO** 
; ** DACC:!.) 12 BZT RESOLU-** 
; ** T~ON~RERD INPUT PORT~** 
; ** AND OUTPUT TO OAC(2) ** 
; ** S B~T RESOLUTION. ** 
; ** REPEAT ENDLESS lOOP ** 

************************** 

ROHJ:GH=:JC708 
AOLOW =$C709 
CONTRL=$C70A 
lOUT =:JC70B 
DAC:1H =:JC70C 
DAC~l =$C700 
DAC2H =$C70E 
DAC2l =$C70F 
; 

A/O MSCS) BZTS (07)=MSB 
A/O LS(4) B~TS & FLAG (00)=LSB 
CONTROL REGISTER WRI/ONLY 
6 B~T DlG~TAL OUT 
O/AC~) MSCS) BITS & WORD STRB 
O/AC~) LS(4) BIT BUFFER 
O/A(2) MSCS) BJ:TS & WORD STRB 
O/A(2) LS(4) BIT BUFFER 

OBJECT CODE DESTINATION 

; **** INITIALIZE **** 
INIT LOA #~5 IN~TlAL~ZE DRC2 LS(4) BITS 

STA OAC2L TO C0Y) 
; 

; **** MAIN BODY **** 
; 

START LOR #$80 
JSR ROY 
STA DAC:1.L 
LOR AOHIGH 
STA DAC1.H 
LOA 01. 
JSR· ROY 
LOA ADHIGH 
STA OAC2H 
JMP START 

ROY STA CONTRL 
STA CONTRL 

LOOP LOA AOLOW 
BPL LOOP 
RTS 
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:1.2 BIT~FLAG ENABLE~PORT(a) 
SET PORT AND GET ROY FLAG 
STORE LS(4) BITS DAC(:1.) 
GET MSCS) BITS PORTCS) 
& STROBE :1.2 BJ:T DATA 
a BIT~FLAG ENABlE~PORT(~) 
SET PORT AND GET ROY FLRG 
GET MS(S) B~TS PORTC~) 
& STROBE 1.2 B~T DATA 
& GO DO ~T AGAIN 
SET PARAMETERS AND PORT # 
FORCE NEW CONYERS~ON 
CHECK CONVERS~ON STATUS 
IF 07=0 NOT READY 
WE HAVE VAL~D OATA!-RETURN 



\R\1\W1.t. 
two ?-\.trW T'l 

• VQ\.~ 
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~ GOTO ~0 
2 
3 
5 
7 
8 
9 
10 
~5 
20 
23 

PROG. 3 
D. C. D.V. M PROGRAM USING 574 
CAN ALSO BE USED TO ADJUST GAIN 
AND OFFSET USING 4 ~/2 DIGIT O. V. M. 

A=50952:REM ADDRESS OF A/O 
R=20/4096:REM RESOLUTION=20 VOLTS SCALE / 12 BIT(2~N) 
POKEA+2~12S:REM SET UP PORT AND BITS AND ENABLE 

25 FOR LOOP=~T02e:REM TAKE AVERAGE OF READING TO PREVENT JITTER 
30 H=PEEK(A+~):I=H:REM CHECK FOR CONVERSiON READY 
40 H=HAND128:IFH(>~28 GOTO 30: REM IF 07=0 NOT READY 
60 J=IAND~5: REM GET LS(4) BITS 
70 V=PEEK(A):REM GET MS(S) BITS 
80 V=V*~6+J:V=V*R:REM MULTIPLY BINARY EQUIV. X RESOLUTION=VOLTSCABS) 
90 X=~0-V:VX=VX+X:NEXT LOOP:X=VX/20:REM AVERAGE 
95 X=X*~EJ:X=INT(X):X=X/~E3:REM WE ONLY WANT 3 DIGIT FRACTION 
~0e PRINTCHR$(~3);TAB(5);X;TAB(1J);"VOLTS";:REM DISPLAY VOLTAGE 
~~a VX=0:GOT025:REM CLEANUP AND RESTART 
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574 IIO Assignment 

WO-$C70F - DAC2 LOW 4 BITS 

WO-$C70E - DAC2 HIGH 8 BITS + WORD STROBE 

WO-$C70D - DAC1 LOW, 4 BITS 

WO-$C70C - DACl HIGH 8 BITS + INTENSITY OUTPUT + WORD STROBE 

WO-$C70B· - 6 BIT IIO OUT 

WO-$C70A - CONTROL REGISTER (MUX., INT., BITS) 

RO-$C709 - ADLOW - 4 BITS + FLAG = 3T2L INPUTS 

RO-$C708 - ADHIGH - 8 BITS + (RESET UPDATE CONTROL) 

7 S 5 4 3 2 1 o _ 

i 

$C7219 l=VALID I01NS I01N5 IOlN4 AD3 AD2 ADl ADIlJ STATUSlDATA REGISTER AID DATA 

$C708 

$C72IA 

ADll AD10 

0=8 BIT 1 
1= 12 BIT ENINT 
CONVERSION 

$C7218 = 521952 

$C709 = 5~953 
$C70A = 5(1954 

$C70B = 5~955 

AD9 AD8 

0=FIAG X 
ENABLE X 
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AD7 

MD 
MD 

ADS ADS AD4 DATA REGISTER 

MC MB MA 
MC MB MA CONl'ROL REGISTER 

$C721C = 50956 

$C70D = 51lJ957 

$C70E = 521958 

$C70F = 521959 
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Applications Information 

D/A Converters 

The Digital to Analog converters are high speed devices capable 

of F5R swing in under one usecond settling to .~l% FSR in two useconds. 

This includes switching, slewing, and settling time. In most cases, 

the DIA converter speed will be limited only by the processing speed 

of the host computer. The loading of the output op-amps should be 

kept above lSm~ ohms during normal operation 0 The output may be 

shorted to either supply rail or ground indefinitely without damage 

to the device. 

AID Converter 

The AID converter is a high speed, highly accurate successive 

approximation device. 

As shipped from the factory the AID will do approximately 

66,ma~ a-bit and 2a,~~m l2-bit conversions per second. If the 

application does not require exacting accuracy, the conversion 

rates may be increased several different ways. The following 

paragraphs may be used by the technically oriented user to 

customize the error vs conversion rate for his particular appli

cation if so desired. 

The AID converter is comprised of a 16-channel multiplexer, 

a sample and hold amplifier and the converter itself. The major 

factors in this sequence of analog acquisition are multiplexer 

switching time of 1.5 usec (if a new port has just been selected), 

the sample time of the 5/H amp (a usec @ .~l% error) and the 

actual AID conversion rate. It can be seen that if any of these 

factors can be decreased the conversion rate will increase accord

ingly. 
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The most obvious way to increase throughput would be to 

delete the S/H amp entirely and decrease the timing components 

RaS and C25 to about 1 usec. This would also require a jumper 

. from the sample and hold Pins 8 to S after removing the componento 

Since the 12-bit conversion takes approximately 25 usec and 

the a-bit approximately S usec, it can be seen that a dramatic 

conversion rate increase will be obtained, particularly in the 

a-bit mode where the sample time is actually longer than the con

version time. Unfortunately, in most applications, the S/H will 

be required to prevent the converter from converting one voltage 

on the MSB's and an unrelated voltage on the LSB's, the error 

depending on the slew rate of the input vs the conversion ~ate 

of the AID. This type of error can be quite large and is not a 

recommended tactic in most applicationso 

Another way to increase the conversion speed slightly less 

than the previous example but with good accuracy results would 

be to decrease the sample time allowed the S/H amp. As shipped, 

the S/H amp is adjusted to an 8 usec window which translates to 

.01% sample error 0 If a larger error can be tolerated, this can 

be adjusted to 6 usec for .1% error or 4 usee for 1% error. Four 

usec is about the minimum sample window that should be allowed as 

the percentage of error.will increase dramatically with any further 

increase, unless the hold capacitor is reduced in size accordingly. 

Consult manufacturer's specifications for these values. 

The previous methods are valid in the a-bit and 12-bit mode. 

In the a-bit mode the actual conversion time of the AID itself 

may be adjusted. This would be accomplished by SUbstituting the ~ 
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crystal (Xl) with another value. As shipped from the factory, 

this frequency is 3579545 Hz resulting in an 8-bit conversion 

time of 5 usec. The maximum recommended substitution would be 

4.5 MHz resulting in 4 usec conversion time and an increase in 

error rate of approximately +/-~LSB. 

The convert command one shot (U4H) 8~~ nsec pulse is used 

to insure that the sample to hold transient of the sample/hold amp 

has settled and in no case should this be adjusted below 8~~ nsec. 

In applications where the ambient temperature approaches or 

exceeds 5~oC, it may be beneficial to increase this time to 1.2 

usec. 

As can be seen from the previous discussion, trade offs can. 

be made to increase the speed of data acquisition if slightly more 

error can be tolerated. Conversely, if greater accuracy is de

sired, conversion rates can be sacrificed to decrease the error. 

Although in most applications the 574 is already optimized as 

shipped from the factory. The sample "window" could be increased 

with about 10 usec giving the highest degree of accuracy and a 

2 MHz crystal substitution for (Xl) would increa~e converter 

accuracy to its highest capabilities, but resulting in conversion 

times of 9 usec + l~ usec + 8~n ns = 19.8 usec. The resulting 

accuracy improvement in most applications would not be required. 
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Scaling 

The ADC8~ input and DAC8~ outputs should be scaled as close 

to the maximum signal range as possible in order to utilize the 

maximum signal resolution of the converters. 

It is recommended that output voltage ranges -10 to +l0V and 

~ to +l~y not be used if the supply voltages are ever less than the 

recommended +12V. The output amplifier may saturate if Vsupply 

-Vout> 2. ~V. Refer to Figure 1 for possible scaling ranges and 

procedures. The 574 is factory configured for (C~B) code +/-l~V. 

Digital Input Codes 

Three binary codes are available on the 574 analog interface. 

They are complementary (logic "21" is true), straight binary (eSS) 

for unipolar input signal ranges, and complementary·two's complement 

(CTC) and complementary offset binary (COB) for bipolar input 

signal ranges. 
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Binary Voltage Range and LSB Values 

Voltage Range Defined As +/-l9N +SV +/-2.SV ~ to l~ ~ to +SV 

Code COB COB COB 
or eTC* or eTC* or CTC* CSB** CSB** 

One Least FSR/2N 2~/2N ltJV/2
N 

SV/2 
N 

ltJV/2
N 

SV/2 
N 

Significant N=8 78.l3mV 39.06mV 19.53mV 39.06mV 19.53mV 
Bit N=l2 4.88mV 2.44mV lo22mV 2.44mV l.22mV 

Transition 
Values 

f1f1JS ••• IlIlf6*** +Full Scale +lrN-3/2LSB +SV-3/2LSB +2.S-3/2LSB +lfIV-3/2LSB +SV-3/2LSB 
s;fll ••• lll Mid Scale fI fI fl +SV +2.SV 
lll ••• llps -Full Scale -lRW+l/2LSB -5V+l/2LSB -2.S+l/2LSB fI+l/2LSB fI+l/2LSB 

*COB = Complementary Offset Binary 
**CSB = Complementary Straight Binary 

*CTC - Complementary Two' s Complement. 

***Voltages given are the nominal 
value for transition to the code 
specified. 

Obtained by using the complement 
of the most .significant bit. 

Figure 1. 
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AID Converter Ranges 

Input Range Code W3iJ W31 W27 

+1-1fiv* *COB or CTC X 

+1-5V COB or CTC X 

+1-2.5V. COB or CTC X X 

iJ to +5V csa X X 

iJ to +li1V CSB X 

X = Jumper: All others should be unconnected. 
*As shipped from Factory. 
Refer to Sheet 2 of Schematics. 

Figure 2. 

D/A Converter Ranges 

Pin 6 
Range Code Op Amp 

+1-IIlJV* *COB or CTC 19 D/A 

+1-5V COB or CTC 18 D/A 

+1-2.5V COB or CTC 18 D/A 

iJ to +l"V CSB 18 D/A 

" to +5V CSB 18 D/A 

*As shipped from Factory. 
Refer to Sheet 3 of Schematics. 

Figure 3. 
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Pin 17 
D/A 

15 D/A 

15 D/A 

15 D/A 

21 D/A 

21 D/A 

W28 W29 

X 

X 

X 

Pin 19 
D/A 

X 

X 

6 OP-AMP 

N.C. 

15 D/A 

N.C. 

15 D/A 



Digital I/O 

The CA-22 as de~ivered by the factory has a 6..:.bit digital 

output port and a 3-bit digital input port. Both are TTL compat

ible and may be used in applications requiring logical control or 

enabling of a device to which the CA-22 is interfaced. If more 

than three input lines are required or if the signal is not (TTL) 

compatible and all 16 multiplexed analog inputs are not required 

in the application, they may be used to 'read' those digital 

inputs. The absolute maximum input rating (+/-25V) of the multi

plexer must be observed in this case. 

The 6-bit output port is configured by the factory as TTL 

compatible. The user may reconfigure this to several different 

modes of interfacing. 0.7V to +l2V interfacing may be accomplished 

by cutting W-23 and jumpering W-24 or .7 to 30V open collector 

by cutting out R49-R54. The 7lHJ6 open collector driver is capabl-e 

of sinking 40 MA and will tolerate a high level output voltage 

up to +30V. 

The 6-bit output port may be expanded to a-bit by populating 

the prototyping area of the CA-22 if required. 

Refer to the software section for Digital I/O techniques 

of these two ports. 

Note that the 6-bit output port is inverted data. U1D may be 

substituted with a 7407, 7417 or equivalent part if necessary 

to change to true data. 
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X-Y Oscilloscope Plotting 

An oscilloscope with an X-Y plotting function and intensity 

input may be used for visual display of the X-Y outputs of the 

two DACs on the 574. U1C (Sheet 3) is used to control the 

intensity of the beam. 

The interface should be used such that DAC'2 then DAC'l are 

updated in that sequence. When DAC'l is updated U1C Pin 12 

one-shot is fired which will be the approximate settling time of 

DAC'l. After this period UlC Pin 13 is fired and is used to 

(unblank) the oscilloscope beam. This signal is factory con

figured for low true blank (positive logic). If your oscilloscope 

requires high true blank, cut W-39 and jumper W-40. R32 may be 

used to vary the "unblank" period b.ut in some applications C15 ~ 

and/or R34 may need optimization by the user for his application 

or scope persistence. 
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Adjustments 

Although calibration with lower resolution equipment is 

possible, a 4~ digit D.V.M. should be used for the following 

procedures. 

D/A Offset Adjustments 

For unipolar (CSB) conf~gurations, apply the d~gital 

input code that should produce zero potential output and adjust 

the offset potentiometer for zero output. 

For bipolar (COB,CTC) configuration, apply the digital input 

code that should produce the maximum negative output voltage and 

adjust the offset potentiometer for that voltage. 

DIA Gain Adjustments 

For either unipolar or bipolar configurations, apply the 

digital input that should give the maximum positive voltage output 

for the range you have configured. Adjust the gain potentiometer 

for this positive full scale voltage. Since the gain and offset 

adjustments affect each other, this procedure may have to be 

repeated several times to get the best results. 

AID Offset Adjustment 

Sweep the input through the end point transition voltage 

that should cause an output transition to all ones. Adjust the 

offset potentiometer R4 until the actual end point transition 

voltage occurs at E off/on. The ideal transition voltage values 

of the input are given in Figure 1. 

AID Gain Adjustment 

Sweep the input through the end point transition voltage 

that should cause an output transition to all zeros. Adjust 
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the gain potentiometer R3 until the actual end point transition 

occurs at E on/off. Figure 1 details the transition voltage 

levels required. 

R6S has· been provided to facilitate sweeping the analog 

input voltage during these adjustments. 

Since the gain and offset adjustments affect each other, 

this procedure may have to be repeated several times to get the 

best results. 
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Theory of Operation 

Analog to Digital Data ACquisition 

The ADC is a successive approximation type converter 

which requires no software overhead during the conversion 

process. Data acquisition is accomplished in the following 

manner. Port selection (1 of IS), conversion resolution 

(8 or l2-bit) and flag/no flag are selected by the user by 

a write to $C70A which is decoded as (/FORMAT). This 'word' 

is latched into U2C which controls the 'format' of the data 

acquisition. MA-MD select the proper port through the multi

plexers UlA and U2A. Rl and R2 prevent excessive current flow 

through the multiplexer in an overvoltage situation. The 

absolute maximum input should be kept less than +/-25 volts. 

Dl and D2 prevent more than +/-.75V of the rails of the analog 

supply voltage grom being applied to the sample and hold (S/H) 

amplifier. Rll and Rl2 form the offset adjustment network. 

R5 controls the percentage of adjustment capability of the 

gain network RS, RS, R7 and R3. CII prevents noise from being 

injected into the gain input. C31, C28, C30, C29, C13, Cl4, 

C4, C3, C29, C28, Cl~ and C8 are for power supply decoupling 

and high frequency filtering. Cl2 is the hold capacitor of 

the S/H. 

A typical cycle involves the following. The one shot U4H 

causes the S/H to switch to the sample mode for 8 usec. At the 

end of this period the S/H is switched to HOLD and the one shot 

U4H Pin 5 is triggered. On the trailing edge of this delay 

(sample to hold transient settling time) the convert command 

is generated. At the end of the convert cycle (STATUS) generates 
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a new sample and the cycle continues. Until the next (CONV) 

command data is available at (ADll-AD~) and on the first (02) 

the data is latched into the l2-bit buffer U3B and U3A Sheet 1 

by setting U4E Pin 5 CEOC) and U4F Pin 5 (VDF) high which are 

gated through U4G Sheet 1. 

.' 

This 12-bit buffer will be updated at the completion of 

every'converter cycle unless (FLAG) is high indicating the 

program has just read the LS(4) bits and flag at $C7~9 (/RL). 

Unable to update the 12-bit· buffer at this time the converter 

will initiate a new cycle so that 'fresh' and updated information 

will be available after the program reads the MS(8) bits by 

reading $C708 (/RH) and reseting the flag register U4F. 

When a new (FORMAT) is generated it must also be assumed 

that a new port has also been selected. When this occurs a 

new sample is forced by (/SAMPLE) USF Pin 8 through U4G Pin 13. 

(/SAMPLE) also holds the valid data flag circuitry in the reset 

state so that when the present cycle is completed (VDF) will 

not be generated which would enable (FLAG). Since the S/H amp 

has been switched to sample the present conversion is invalid. 

At the end of this cycle USF Pin 8 will be reset and at the 

end of the next cycle which will contain valid data (VDF) may 

be generated. If the cycle finishes after the sample time, 

the (CONV) command will be generated by the converter itself 

through U4F Pin 6 and the end of conversion latch U4E Pin 6. 

If the cycle finishes before the sample time the converter will 

stop and the (CONV) command will be generated by the end of 

~ 

the sample one shot period U4H Pin 4. This prevents wasting ~ 
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up to 25 usec -after a (/FORMAT) command before a sample could 

be taken. 

The converter has an internal clock reference that is 

used in the 12-bit mode. In the S-bit mode an external clock 

is provided by the crystal reference Xl and USE and the internal 

clock must be switched off by (/SBIT) clock inhibit. U4E Pin 9 

is used to sync the external clock to the convert command and 

divide the clock by two resulting in a 50% dut¥ cycle. The 

conversion rate can be found by 1/((Xl/2)/(BITS+l». Where Xl 

is the crystal frequency in he~tz, BITS equals number of bits 

of conversion (S). The S-bit mode is accomplished by enabling 

the short cycle feature of the converter at Pin 21. Ten bit 

conversions could be done by connecting U4C Pin 9 to U2B Pin 2S 

instead of U2B Pin 3~. 

Digital to Analog Conversion 

Refer to Sheet 3 of schematics. Since both DAC's are 

identical only DACil will be discussed. A l2-bit word is 

written to the DAC in the following manner. The LS(4) bits 

are first written to U4B and strobed by (/DAIL) which was 

decoded by U5G Sheet 1 as a write cycle to $C7~D. Notice that 

the 12-bit word latched in the 12-bit buffer U4A and U5C- is 

not changed. Therefore, there is no change in the DAC output. 

To complete the 12-bit write the MS(S) bits are then written 

to $C7~C which is decoded as (/DAIH). During this write cycle 

the MS(S) bits are presented by the CPU and the LS(4) bits 

are presented by U4B to the 12-bit buffer. At the end of 
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this write cycle the full 12-bit word is latched into the 

l2-bit buffer and presented to the DAC and the corresponding 

output change, if any, will be output. It can be seen from 

this discussion that a true S-bit mode is inherently present 

and available. If· U4B is first initialized to a predetermined 

offset or ~V, the MS(S) bits of the 12-bit buffer can then be 

changed at will with no change in the LS(4) bits as long as 

no writes are done to $C7~D after software initialization. 

RS2 is required in applications using supplies under 

+/-15 volts to supply the necessary current for the internal 

reference of the DAC at Pins 24 and 16 of USB. C3l, C32, C4~, 

C39, C4S and C4S are for power supply decoupling and high 

frequency filtering. C5S and R93 form a compens~tion network 

in the op-amp circuit. R76 in the offset circuit is used to 

increase the resolution of the offset pot R65. R59 is not 

installed but may be used in conjunction with a resistor 

installed at W53 after cutting W53 to form a voltage scaling 

network. In most cases the output should be scaled using the 

information given in other sections of this manual. RS« controls 

the percentage of gain adjustability of the network R72, R7l, 

and RSO. Increasing RS~ increases the percentage of adjustabilityo 

C47 prevents noise from being injected into the gain adjust 

input. 
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Installation 

Accessory Bus C4P-MF, C8P-DF 

Interfacing the CA-22 to the accessory bus on the back of 

your computer is accomplished by connecting a 16-pin ribbon cable 

from J5 of the CA-22 to J2 of the accessory bus "HEAD END CARD 

INTERFACE" on the back panel of the computer. If J2 is presently 

used to interface to another "HEAD END CARD", a CA-20 may be used 

to facilitate multiple accessory interfacing or the CA-22 could 

possibly be installed inside the computer's card cage and directly 

connected to the standard 48 line bus. If installed on the standard 

bus in a C8P-DF, the CA-22 must be readdressed to prevent bus con

tention with the present accessory bus on the S~SB based computer. 

Refer to standard bus installation in this case. To configure the 

CA-22 for the accessory bus the following must be done: 

Install Delete/Remove 

C17;"C22 

U2D 

U3E 

U3F 

UIF 

U2E 

USI 

U6G 

U6F 

U6E 

Refer to Block 'A' Sheet 1 of schematics and the CA-22 assembly 

diagram. C17-C22 must be installed if they have been removed in 

a~previous configuration. Refer to the power supply requirements 

section for poweri~g the CA-22 in this configuration. 

The CA-22 as delivered from the factory is already set up in 

this configuration. Each of the above modifications should be 

-42-



checked before installation anywayo Refer to Figure 4 or 

Figure 5 for the correct installation of the ribbon cable 

for accessory bus interfacing. 
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~8-Pin Motherboard Bus Installation Backplane 

Interfacing to the ~8-pin bus is accomplished by performing 

the fOllowing. Refer to Block 'B' Sheet 1 of schematics and the 

CA-22 assembly diagram. 

Install Delete/Remove 

UlF Cl7-C22 

U2E U2D 

USI U3E 

U6G U3F 

U6F 

U6E 

The three I.C. (integrated circuits) can be removed with a 

small screwdriver or similar instrument. Alternately pry up 

on each end <short end with no pins) of the package until it has 

been "rocked" out of the socket. Be sure that the screwdriver is 

placed between the package and the socket and not between the 

socket and the printed circuit board. You should find this to 

be a very simple operation. Cl7-C22 must be removed by desoldering 

or cutting them out with side cutters. The latter is recommended 

to prevent damage to the board. Installing the six I.C. packages 

is very simple. Each I.C. has an indentation on one end in a "U" 

shape. Refer to the CA-22 assembly diagram and install these packages 

as illustrated. When installing these I.C. packages be very certain 

that all pins are inse~ted into the socket. It is possible to bend 

a pin under the package and it is very difficult to see that this 

has happened. 

Refer to power requirements section for powering the CA-22 

in this installation. 
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CAUTION: Remove power from the computer before proceeding with the ~ 
following steps. Remove the screws that fasten the cover to the 

computer, then carefully remove the cover and set aside. On some 

C2-C3 systems the Molex power connector to the muffin fanes) must 

be disconnected before complete removal of the cover. Find a free 

slot in your card cage to install the CA-22. Install on the standard 

bus taking great care to align the pins of the CA-22 exactly as 

required and be certain. that the component side of the CA-22 faces 

in the same direction as the other boards (toward the front). 

Installation of the CA-2~ to the standard bus of the C4P-MF and 

C4P-DF (not recommended) or C8P-DF which are 5~5 Rev.B (CPU) based 

requires that the accessory bus interface on the 505 Rev.B. be dis

abled. This is very important since improper···operation of the CA-20 

and/or the accessory bus will be experienced if not done. Remove 

the SD5 Rev.B from the card cage. Pay close attnetion (a quick 

sketch would be helpful) to any connectors that may have to be 

7 

removed to get the S~5 Rev.B in a suitable position for the following 

actions. Refer to the assembly drawing in the 5~5 Rev.B schematics 

and remove the two integrated circuit packages U4H and U3G. These 

two packages should be labeled (8T26 or 75136). 

Alternately the accessory bus an the 505 Rev.B could be 

readdressed moving the enable line from USJ Pin 15 to U5J Pin 14 

($C6XX). This is not recommended since this is an OSI reserved 

address block and could possibly cause problems if any upgrades 

are ever added to your system. Also the type of modification should 

be left to an experienced technician with the proper tools and 

knowledge. ~ 
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When this is completed re-install the 5~5 Rev.B in the computer 

taking care to replace any connectors previously removed in the 

exact locations noted before. 

Installation in 5l~ (CPU) based systems is accomplished by 

simply connecting the CA-22 to the standard bus since there is no 

present accesso~y bus in these systems. The exception would be 

the case of a CA-2~.already installed. In this case refer to the 

CA-2~ manual for proper installation. 

If the power supply requirements have already been met and 

the proper IIO connections to the CA-22 are installed then the 

cover of the computer should be re-installed at this time in the 

reverse order of removal making sure any ground straps or fans are 

reconnected. Refer to the power requirements section if not com

pleted at this time. 

WARNING: If a CA-12 (96 line interface) has been installed in 

your system either the CA-l2 or the CA-22 must be readdressed to 

prevent bus contention problems. Alternatively the "HEAD END 

CARDS" could be connected to a CA-2a for multiple accessory bus 

interfaces. 
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Power Reguirements 

+5V + 5% @ 75~ MA 

+11.4V to +16V + 1% @ l~~ MA ..... 

(1) -11.4V to -16V + 1% @ l~~ MA ..... 

(1) The negative voltage may be substituted with an unregulated 

negative D.C. voltage if connected as described in the power 

connections section. 

Power Connections 

The following section describes the power connections that 

must be wired to the CA-22. This type of operation is very critical 

to the board because faulty wiring or power supply connections 

could cause serious damage to the delicate electronics of the board. 

For this reason it is advised that only qualified personnel attempt 

the following actions. The warranty could possibly be voided if 

this is not done. 

The CA-22 requires three voltages for proper operation (listed 

above). In most cases all three of these should be provided by the 

user via auxiliary power supplies. The exception is when the CA-22 

is installed inside the computer's card cage and connected directly 

to the standard OSI 48 line bus. In this configuration the +5V 

and +l2V are provided by the system power supplies and no further 

connections are required except for the -l2V voltage. When the 

system power is used to supply the positive voltages, care should 

be taken to insure that the maximum capacity of the system supply 

is not exceeded. Connecting the minus supply is describe~ later. 

For installations where the CA-22 is installed as a "HEAD 

END CARD" the three supplies could be provided several ways. A 

connector on the CA-22 is provided to facilitate the connection 
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of these voltages. Any leads of this connector (J7) that are not 

used must be taped or cut off to prevent them from shorting. 

+5V + 5% @ 75~ MA 

The +5V can be routed to an auxiliary supply or to the system 

supply. This connection should be from J7 Pin 1 or 2 to the 

positive 5 volts. Two connections are provided so that the user 

may 'daisy chain' the supply if multiple "HEAD END CARDS" are being 

installed. The extra lead should be taped or cut off if not used. 

A ground return must also be connected to the auxiliary supply 

or the system ground depending on your installation. The digital 

reference (ground) for this type of installation (accessory bus) 

is provided through the l6-pin ribbon cable. Refer to the CA-22 

schematics (574) Sheet 4. 

+ll.4V to +l6V + 1% @ l~m MA 

Although the positive and negative voltage supplies of the 

CA-22 can be anywhere in the range o~ the above specifications, 

they should track. That is, if positive 12 volts is used then 

negative 12 volts should be used. If the -l~V to +l~V FSR (full 

scale resolution) of the board is to be used then the supplies 

must be at least plus and minus 12 volts. The positive voltage 

(+12V) J7 Pin 6 should be connected to an auxiliary positive 

supply or to the +12V supply in your system (if so equipped). 

The remaining ground wire from J7 must be connected to the system 

ground or the auxiliary supply ground depending on your installation. 

This wire must also be 'daisy chained' to the negative supply 

I common'. 
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-11.4V to -l6V + 1% @ 100 MA 

The negative supply voltage can be obtained several different 

ways. Refer to Sheet 4 of the CA-22 schematics (OSI 574). Connector 

J7 Pin 5 is a direct connection to the -12V bus of the CA-22. 

If a negative regulated auxiliary supply is to be used then it may 

be connected directly to J7 Pin 5. If this is done the regulator 

(REG.l) 'must be removed from the board. The ground return of the 

negative supply must be connected to the ground of the CA-22. 

This completes the auxiliary regulated supply connections. 

An unregulated negative supply voltage may also be used for 

the CA-22. This voltage can be from negative l5V to negative 35V 

absolute maximum and the source must have a current rating of at 

least 100 MA. This voltage must be connected to the input of the 

regulator (Pin 3 of REG. 1). This can be done by a direct solder 

connection to the regulator input bus or by cutting the appropriate 

trace from J7 Pin. 5 to the negative l2V bus and jumpering J7 Pin 5 

to the input of the regulator. J7 Pin 5 could then be used to 

route the unregulated negative voltage to the board and then to 

the regulator. The unregulated supply could be an auxiliary supply 

or the unregulated negative voltage of the system power supply 

could be used. In the latter case, great case must be exercised. 

On Board Supplies .. _ _ _ __ 

The capability of on board D.C. to D.C. regulator mounting 

and interconnection is provided on the CA-22. Refer to Sheet 4 

of the CA-22 schematics (OSI 574). The D.C. to D.C. regulator 

(PS3) could be installed to supply the +l2V and -l2V. If this 

is done the regulator (REG. 1) must be removed from the board and 
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PS3 is installed and the CA-22 is mounted to the standard bus in 

a C8P-DF or similar computer with +l2V on the motherboard then 

+12V connection to the backplane must be cuto 

I' 

If the negative only D.C. to D.C. converter (PSl) is installed, 

then the +l2V and +5V must still be supplied via the aforementioned 

methods and REG.l must be left installed. 

If' either PSL or PS3 is installed then C9, C64 and C6LA should 

be installed. In either case the +5V supply is used to drive 

the converters and must be accounted for when determining +5V 

current requirements. 
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~ CA-22 Board 
OSI 574- IIO Pin Assignments 

J2-1 - AINii J3-1 - AIN8 
2 - AIN1 2 - AIN9 
3 - GND 3 - GND 
4- - AIN2 4- - AIN10 
5 - AIN3 5 - AIN11 
6 - AIN4 6 - AIN12 
7 - GND 7 - GND 
8 - AIN5 8 - AIN13 
9 - AIN6 9 - AIN14-

10 - AIN7 10 - AIN1S 
11 - GND 11 - GND 
12 - DACI 12 - DAC2 

J4--1 - GND J6-1 - SPARE J7-1 - +5V 

2 - IOIN4- 2 J7-2 - +5V 

3 - lOINS 3 J7-3 - GND 
4- - IOIN6 4- J7-4 - GND 
S - IBLANKING S J7-S - -12V 
6 - IOUT0 6 J7-6 - +12V 

7 - IOUTI 7 
8 - IOUT2 8 

9 - IOUT3 9 
Ii) - IOUT4 10 
11 - lOUTS 11 
12 - GND 12 

AIN(N) = ANALOG INPUT PORT (N) 
IOIN(N) = IIO INPUT BIT (N) DIGITAL, NEGATIVE LOGIC 
IOUT(N) = IIO OUTPUT BIT (N) DIGITAL, NEGATIVE LOGIC 
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ADC80 

Ie ANALOG-TO-DIGITAL CONVERTERS 

FEATURES 
• COMPACT DESIGN - Self-cnntalned with internal clock. 

comparator. and referenca 

32i1in caramic package 

-FAST CONVERSION SPEEDS 
Provide fast signal sampling rates 
12-bits - 251Jsec. HI.lJits - 2111Sec 
Faster conversion speeds obtainable with 
"Short-Cycllng" and opUonal external clock 

-LOW COST 

- WIDe SUPPLY RANGE - Will op8rate with 
:tlo.aV to :t16V supplies (Z modelsl 

FUNCTIONAL DIAGRAM 

DllrrAL DII'1?UT 

LOIIIC SUPPlY 
ron 

. LOGIC $11"'-y 

DIBITAL CDMllGII 

COW.IIATUIIIII a±.!:=;:=;===w 

SI"'AL OUT 
-Vm 
RIF OUT Itf.lv) 

CLaCK OUT 
STATUS 

{

SMaRT CYCLI 
IDUTIIM.! 

SlUCT tUCX IIIM'IIT 
EXTtRUL CLoa 

A.AUB eo...,.. . COIIVERT CO ... AIID 

GAlli ADJUST '-1.':'_-===:!:::"..l-' 'Ym 

DESCRIPTION 
The Model ADC80AG-1O and ADC80AG-12 are 10-
and 12-bit successive approximation AI D 
converters. They utilize state-of-the-art IC and laser
trimmed thin-film components. and are packaged in 
a compact 32-pin ceramic package. 

Complete with internal reference. the ADC80 offers 
versatility and performance. formerly offered only in 
larger modular or rack-mount packages_ 

Thin-film internal scaling resistors are provided for 
the selection of analog input signal ranges of :t2.SV. 
±5V. ±IOV. 0 to +SV or 0 to +IOV. 

Gain and offset errors may be externally trimmed to 
zero, offering initial accuracies of better than 
±O.OI22% (±I /2LSB). The model ADC80 is 
specified' for -2S'C to +8S"C operation. 

The fast conversion speeds of 25""ec for 12-bit and 
211"lCC for Io-bit resolution make the ADCSO 
excellont for a wide range of applications where 
systetD throughput sampling rates from 40kHz to 
47lcHz are required. In addition. the ADC80 may be 
short cycled and an external clock may be used to 
obtain faster conversion speeds at lower resolutions. 

Oata is available in parallel and serial form..with 
corresponding clock and status signais. All ~igital 
input and output signals are· OTL /TrL~ompatible. 
Two power supply ranges are available: ±ISY an9 
±12V (Z models). A +SV logic supply -is also cOc 
required. 0 " __ - • 

PDS-333F Primed ill Oaober. 1m 



DISCUSSION OF PERFORMANCE 
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The accuracy of a successive approximation AID converter is de
scribed by the transfer function shown in Figure 1. All succes
sive approximation AID converters have an inherent QUANTI
ZATIONERRORof:1/2ISB. The remaining errors in the AID 
converter are combinations of analog errors due to the Unear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, power supply rejection, and reference errors. 
In summary, these errors consist of initial errors including GAIN, 
OFFSET, LINEARITY, DIFFERENTIAL UNEARlTY and 
POWER SUPPLY SENSITMTY. Initial GAIN and OFFSET 
erron may be adjusted to zero. GAIN drift over temperature 
rotates the line (Figure 1) about the zero or minus ruu scale 
point (an bits OFf) and OFFSET drift shifts the Une left or 
right over the operating temperature tange. LINEARITY error 
is unadjustable and is the most meaningful indicator of AID 
converter accuracy. LINEARITY error is the deviation of an 
actual bit transition from the ideal transition value at any level 
over the range of tile AID converter. A DIFFERENTIAL LINE
ARITY error of ±1/2I.SB means that the width of each bit step 

FIGURE 1. Input va output for an ideal bipolar AID 
converter. 
*See Table I for digital code definitions. 

over the range of the AID converter is IISB ±1/2I.SB. TIMING CONSIDERATIONS 
The ADC80 is also MONOTONIC, assuring that the output disi
tal code either increases or remains the same for increasing ana
log input signals. A monotonic converter can have missing 
codes; therefore, Burr-Brown specifies no missing codes over a 

The timing diagram of the ADC80 (Figure 2) assumes an an· 
alog input such that the positive true digital word 10011000. 
1001 exists. The output will be complementary as shown in 
Figure 2 (011001110110 is the digital output). 

temperature range. 

Inurn .. 
Clade 

Maximum Throughput Time 

Convenion Time (2) 

S ...... CEOCI--1 u 
MS8 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

Blt8 

Blt9 

Bit 10 

Bit 11 

~8 

Seri .. 
Data 
Out 

"0_ :::-, 
==~~============================= :::] LJ·",H 

:::J L-J .. , .. 
:::J .... ------... I .. cr 

:::]:-______________ ~= .. =o-~---===============================~ __ __ ::':J LJ "1" 

:~~J~------------------~U .. , .. 
:::J LJ ", .. 

::~~----------------------~"=~.~~========------J Lj"'" 
-~--:::J woo, .. 
:::J .. -----

S

-

8

------------------------......, •• ~. I 
- - -. -wlAl.8JAA M u;s rlJ17Imn ___ JI/IUIIU/A 1 I 2 : 3 I 4 ; S I 6! 7: 8 L..!..J 10; 11 I 12 WllDlI. 

• '-0-- "1" ,.". "0- .. a'· "1" It"~. ..," "0" II,.. ."". "0" 

NOTES: (,) Th~ convert commMd must be betw .... 1 ao n. and 2 ,. wide and must reln8in low during' 
• conversion. Th. conversion i. initiated by the "rising edg." of tt'I. conwrt command •• 

(2) 25,. for 12 bits and 21 I'S for 10 bits. 

FIGURE 2. ADCSO Timing Diagram. 
2 
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ELECTRICAL SPECIFICATIONS 
Typic:U it l5"C and raced power supplies unJcss odlenrisc noted. 
MODEL ADC8OAGZ-IZ I AOC8OAGZ-IO Uaiu 

ADCSOAG-12 ADC8OAG-IO 
RESOLtITlON 12 I 10 8iu 
INPUT 
ANALOG INPUTS 

. V'!1tqe _~aa - Bipolar :z.,. %j. ::10 V 
- Unipolar o '0 +,. 0 to +10 V 

Im~ (Direcllapuc) 
o to +5V. :z.sv U kn 

_ 0 to +IOY.:tn' 
~---. - , kn 

::IOV 10 kn 
DIGrrAL INPUTS'" 

COCMft Commaad Posiaift Pube IGOa Wide (miD) -- - - ~Wido(ma). 

Lop: Loadinl I TTl. LaM 
Elttema.l Clock I "nl. Load 

TRANSFER CHARACTERISTICS 
ERROR 

Gam Error'''' :iLl 9(, 
OffICI Error'" - Unipolar %0.05 9(,oIFSR'~ 

• Bipo&a.r %0.1 9(, of FSR 
Linearity Emw (mat" %0.01% I %Q.O&S 9(,olFSR 
IttJlcnmt QuaatiDtioa Etrot ::J/2 LSB 
DifferenUall.inarily Enar ::1/2 LSB 

" No Miainl Coeta TClft1J. Raqe o to +50 I 0.+70 ·C 
Power SlIWiy Salsitiviay 

__ :UV %0.0030 % of FSR/95V, 
+SV :0.00., %ofFSR/c:r,V, 

DRIFT -. 
Spccificuioa Tcmperucw Raap -15 to +IS -C 
Tnq! 8CC11t11CY. bipojar (max)'" i:l3 VPflJI-C 
Gaia.. (IDU) :t3O ppmrc 
0tT1CI • Unipolu :3 ppm 0( FSR lee 

- Bil'Okr. (mu) ::JS ppm 0( FSR f ·C 
LiDcariay. (mu) :J ppm of FSR,"'C' 

. _ Mocoronicift _ _.- GUARANTEED 
CONVERSION SPEEDfmut'_11 25 I 21 ~ 

OUTPUT 
DIGrrAi. DATA 
(aU cocta comptemcawy) 

- ParatfeI- - --
-:--:~~. - UIIiIIoIar CSB 

-- - ·"Bipolar COB, ere 
auq,uc Drive 2 TTL I.oIda 

Serial Daca Codes (NUl CSB.COB 
0uqNl Drive 2 TTL .... 

StaIUI Lope .... cbariq COIWaSioa 
Swus Ouqtut om. - Z TTL Loeda 

IGtCIl'1IaI C!oct -
Clock Out~ DrM - 1 TTL .... 
Frcquency'71 $00 kHz 

INTERNAL RS:. VOLTAGE 6.J V 
Max. Eauma1 CIUI'eSIC (widl no 
depadaioD of spccificacioa) lOG IIA 

TcmClCO of Drift (mu) :lD ppaI,·C 
POWER REQUIREMENTS 

Ra&cd VoltapS :U. +5 y 
-Z·madcIa - :12. +5 V 

- -Racp-for-Rased Ac:cuncy- 4.1' to 5.15 and ::J4.0 to :16.0 V 
_ Z modets _-- . 4.15 to'.23 &ad:tJD.8 to ~6.o V 

SUWty Drain +ISV or +liV +20 IDA 
-- - - ·I$V or -12'l-- -20 IDA -- - _.- +SV +70 rnA 

Ter.t""AruRI! ~~NGI! 
I-YpcciJlCltion ___ -25 to +8S ·C 

OpnuiDI (dctUCChplCl- "55 to +100 ·C 

~'---p" -" co +125 -C 
PRIces (I - 24) ~ I 71.jQ S 

Z models 84.50 79.50 S 
I. DTL; TTL compauble I.e.. L08lC T D O.8V max. Lop: -,- .. 2.0V mm (or inputs and fordipu ouqMS. 

Lop: T • +O.4V mu and -I- D 2.4\' mm. 
2. FSR mans FuU Sc:Ut Ranp - (or eum,Je.. uail conaccud (or ::JOV ranee hu 20V FSR. 
J. Adjustable to zero widl excemai triftl1lOU. 
4. Enar shown is the same as ~J/2 LSB IDU (or rcsolUlion of AID comencr. 
5. Comenioa tilDe with inu:maJ dock. 
6. See Table I. CSB • Complcmenwy Straipc Binary. 

COB - Complementary 0fI'sa Binary. 
CTC - Complementary Two', Complcmcnwy. 

7. For corwersion speeds specified. 
8. Includes drift duo to tiDaartIy, pia. aDd offsec drillS. 

-----_._._----, ---.-

MECHANICAL 

If 
................ 
~ " 

a 

11 [" 
1 ,. 

.............. 
T- te-- .. 

• 1 A 

C 

L bJ .m~~!l!"~~4tt=,~ j 
.01r I.a.-.." .... Me: AT SIATINQ'PUoNL 

rNCHES MIWMETeAS 
elM MIN MAX MIN MAX 

A 1.700 1.1110 43.1. ...70 
II • 1.120 1.180 28.40 2lt." 
C .170 .2:10 •• :12 , .... 
0 .01. .021 a." o.u 
~ .038 .osa o.a9 1.21 

a .1008ASIC 2.,.IIASIC .. .110 I .130 2.,. I ~ 
I( .1110 , .250 3 •• ' I us 
I. .MOeASlC 22.888ASIC 

N .OCII J .010 0.01 I Q.25 

" .1'0 I .1~ 2.79 I. :a.:so - -~ - . -

PINS: PIn INtWieI .. d phnfng c:ol'lUlOSltfDft 
como"" m tne1ftod 2003 (SOlderabflltV) of 
MU-SCd-8S3 'except parqraPl'l 3.2). 
CASE: C ... mlc 
MATING CONNECTOR: 2302MC -Set of 
twO 1 &oin ftrfpa 57 per set. 
WEIGH,.: 13 gnma (0.48 OZ). 

- -

Connection. Diagral1i.~~~·-
TOP VU!W 

1 Bit S 
2. Bit I 

PIN CONNEC"'ONS 

32. 81t-7 • 
31 BitS 

3. Bit. 
4 8it 3 
5. 81t 2 
5. 8ir 1 IMSS. 

~.~~.S~ 
9. -5V Oi9IW S"'*' 

10. Oiljlll" eo",_ 
11 ComoarftCll' 1111 
I Z S'OON' Offset 
13 AI IOV ,,_"'_ 
I. lIZ ZOV "_"9. 
1$ '\n_109 COfftft\Oft. 
16 G .... AcINII 

lO. Sit 9 
29.81110 ILSB-IO 91ca 
28. Sit " 
27 Bit I Z rLS8·12 811a 
ZS. S.,. .. OUI 
Z5. ·,.Vor ·'lY rZMoo.ta 
Z4 "ef O",.-e lVI 
Z3. elOCII 0,,1 z:..&_, ... 
Z1 Shan Crele 
20 CI_ ,"".1IIt 
I 9 e.I~"_1 CI_ 
18 Co,,"" Com ... MO 
11 ·'SVor -IZY IZMoaeIsI 
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TYPICAL PERFORMANCE CURVES 
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0 0.1&0 

FIGURE 3. Linearity ! 
a: 0.125 error VI conversion 0 

time. a: 
II: 0.100 

'" > 0.0715 l-
i 
e o.oao 
'" Z 

0.025 ~ 

0.000 

II: 0.200 
0 a: 0.175 II: 

'" > 0.180 ,. 
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linearity error VI 
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..I-e- 0.075 
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'" II: Q.02!S 
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0.000 Q 
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FIGURE 6. Power 1M 0. 
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lI.e .004 11.% 
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~12 alta ..... 
~ -'-~I- - 1-- -~-

~ --- -- ~ I 
Q. 2 4 8 8' 10 12 14 18 18 20 22 24 25 
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'. DEFINITION OF DIGITAL CODES 

PARALLEL DATA 
Three binary c:odes are available on the ADC80 parallel out
put; they are complementary (logic ··0" is true) straight 
binary (CSS) for unipolar input signal ranges and comple
mentary two's complement (CTC) and complementtlry offset 
binary (COB) for bipolar input signal ranges. 

Table I describes the LSB. transition values and code defUli
tions for each possible ADC80 arudog input signal range for 
8, 10 and 12 bit resolutions. 

SERIAL DATA 
Two straight binary (complementary) codes are available on 
the serial output line of the ADC80; they are CSS and COB. 
The serial data is available only during conversion and appears 
with the most-significant bit (MSB)occuring fust. The serial 
data is synchronous with the internal clock as shown in the 
timing diagram of Figure 2. The LSB and transition values 
shown in Table I also apply to the serial data output except 
for the crc code. 

Blftary IBINt-
INPUT VOLTAGE RANGE! AND LSB VALUES 

OUU»ut .. 
.. . Analog-'no,"'-

Vol~R"'" 
Defined As: ~1OV +SV t2.5V Oto +10V Oto+SV 

cOde 
.- -

COB COS COB 
Daipaion or ac- Of' ac- or CTC· CSS-- CSS--

One Last PSR ~ ..lm!.. ~ 10V -IX.. 
SitniflaM 2ft 2ft 2ft 2ft 2ft 2ft 
lilt (LSS» ,,-8 78.13mV 38.GemV 19.53mV 39.08mV 19.53mV 

,,-10 19.53mV 9."mV 4.88mV 9."mV 4.88mV 
,,-12 4.88",V 2-"mV 1.22mV 2.44mV 1.22rnV 

T, ... lido" V ..... 
USB LSB 

000 ••• 008··· +lIull Sate +10V-312LSB +5V -312LSB +2.!V -312 LSB +10V -312LSB +5V -312LSS 
011. __ 111 ·Mld Scate a 0 Q +5V +23v 
111 ••• 110 -IIuU Sale -10V +)iLSB -5V +)iLSS -2.5V +)iLSB O+~LSB o +)iLSB 

. -.... -~ -- - .--'--~ - - ---
• COB - C:O,.,.,.e,.,.,ary Offset Bin.,., • CTC - Com",ementarl Two', comptemen~ • obtained bY uailtV 1he ••• Voltagft ,Iwn .,. 1he 

•• csa - C:O",DI ....... ary Srraight complement of the maR ~ifla.nt bit (MSat. MiS I • nomfn_ wlue for tr8ft1l-
81".,., avail_Ie on Din 8. don to Ute c:ade soedflecl. 

--~- ---- TABLE I. r;p. V~l.t Transition Values, LSS Values, and Code DeiUlitions. 

DISCUSSION OF SPECIFICATIONS 
The ADC80 is specified to provide critical performance criteria for a wide variety of 
applications. The most critical specifications for an AID converter are linearity, drift, gain 
and offset errors and conversion speed effects on accuracy. The ADC80 is factory trimmed 
and tested for all critical key specit1catians. 

GAIN AND OFFSET ERROR 
Init1al GAIN and OFFSET errors are factory trimmed to 
to.I% of FSR (±a.OS'I for unipolar offset) at 2SoC. These 
errors may be trimmed to zero by coMectins extemal trim 
potentiometers as shown on page 6. 

ACCURACY DRIFT VS TEMPERATURE 
Three major drift parameters degrade AID converter accuracy 
over temperature; they are gain, offset and linearity drift. 
The wqrst case accuracy drift is the summation of all three 
drift errors over temperature. S tatistical!y, these errors do 
not add algebraicWly, but are random variables which behave 
as root-sum-squared (RSS) or 1(7 errors as follows: 

RSS :I ~2 + eo2 + eel 
where Eg :a gain drift error (ppm/oC) 

Eo :a offset drift error (ppm of FSR/0C) 
eo = linearity error (ppm of FSR/OC) 

For ~ operation, the total RSS drift is ±30.3ppm/0C. 

ACCURACY VS SPEED 
In successive approximation AID c:onvert~ the conversion 
speed affects linearity and differential Unearity errors. Con
version speed and its effect on linearity and differential 
linearity errors for the ADC80 are shown in Figures 3 and 4. 

The ADC80 conversion speeds are specified for a maximum 
linearity error of ±*LSS and a differential linearity enor of 
±*LSB with the internal clock. Faster conversion speeds up 
to 23~ for 12 bits. 121tsec for 10 bits and 6Ils for 8 bits are 
possible with an external clock (see page 1). 

POWER SUPPLY SENSITIVITY 
Changes in the DC power supplies wWuTec:i the accuracy of 
the ADC80. The ADC80 power supply sensitivity is specified 
for to.OO3% of FSR/%Vs for tlSV (±12V) supplies and 
to.OO 15% of FSR/%Vs for +SV supplies. Normally, regulated 
power supplies with 1% or less ripple are recommended for 
use with the ADC80 .. See layout prec:lutions and power sup
ply decoupling on page 6. 

5 



LAYOUT and OPERATING INSTRUCTIONS 
LAYOUT PRECAUTIONS 
Analog and digital commons are not connected internally in 
the ADC80 but should be connected together as close to the 
unit as possible, preferably to a large ground plane under the 
ADC80. If these grounds must be run separately, use wide 
conductor pattern and a 0.01,u: to 0.11lF nonpolarized by
pass capacitor between analog and digital commons at the 
unit. Low impedanc:o analog and digital common returns are 
essential for low noise performance. Coupling between ana· 
log inputs and digita11ines should be minimized by careful 
layout. ADalog and digital +5 volt supplies are also not con
nected intemally; they should be connected together at the 
unit as shown below in Figure 7 (pins 7 and 9). 

POWER SUPPLY DECOUPLING 
. The power supplies should be bypassed with tantalum or 
electrolytic typo capacitors as shown in Figure 7 to obtain 
noise free operation. These capacitors should be located 
close to the ADC80. IIlF electrolytic type capacitors should 
be bypassed with O.OlllF ceramic capacitors for improved 
high frequency performance. 

+SV ro: 
~ 

CIg. T 010 Com. q 

2501o---:t ... - ... ··-1IV 
111~ . (-12V) 

15 0 

170 

f .. An. Com. 

1 liP 

! . +15'1 
(+12V) 

FIGURE 7. Recommended power supply deco!lPlinS-

INPUT SCALING 
The ADCBO Input should be scaled as close to the maximum 
ipput signal range asl'ossible in order to utilize the maximum 
signal resolution of the AID converter. Connect the input 
sisnaI as shown in Table II. See Figure 8 for circuit details. 

20V RMP ,. 

Iktl R1 BkO 

10VR_ge13~ 
R2 

Compln 1':: r ~ To 
Bipoler 8.3K fram CIA • SAR 

Offset 12 ~ Conv. CompaqtOt' 

An. Com. 151"'--= ~ 
--J.. V Ref. 

FIGURE B. ADC80 Input scaling circuit. 

Connect 
In ..... Connecc .cOnnect Inpl« 
Sign., OutPut Pfn12 Pfn 14 Sip-
R.,.. Cod, To Pin To To 

t10V COBorCTC 11 'nPUlSlgn" ,. 
tSV COB GrCTC 11 OeMI' 13 

t2.5V COBorCTC 11 Pin 11 13 
01D+6V CSB 15 Pfn 11 13 
010 +10V CSB 15 0..- 13 

TABLE U'. ADC80 Input scaling connections. 

Optional External Gaion and Offset Adjusbnents 
Gain and Offset errors may be trimmed to zero using external gain and offset trim potentiometers 
COlUlected to the ADC80 as shown in Figures. 9 and 10. Multitum potentiometers with lOOppm/0C 
or benet TeR's are recommended for minimum drift over temperature and time. These pots may 
be any value tiom 10 kQ to 100 kn. All resistors should be 20% carbon or better. Pin 16 (Gain 
Adjust) may be left open if no extema! adjustment is requited. 

ADJUsnlENTPROCEDURE 
OFFSET - Connect the OFfSET potentiometer as shown in 
Figure 9. Sweep the input through the end point transition 
voltage that should cause an output transition to all ones. 

Adjust the OFFSET potentiometer until the actual end point 
transition voltage occurs at E ~ The ideal transition volt-
age values of the input are given in Table I. 

(a) 
+15'1 (+12V) 

!! 1~MO· 10kOto 
~ 100kO 

0ffIet 
-11V ~ I 

(-12V) Ad un 

~ ......... 
Como. 
IN 

·,.sMa for Z mod •• 
--'28kO for Z modef. 

(bt 
+111V (+12V) 

~o '~o;~ · f !:,O 
eo_ I ,_0 
IN 22kO·· Ott.! 

Adlun ~ -NV 1-12111 

FIGURE 9: Two methods of connectidg optional offset ad· 
just With a 0.4% of FSR range of adjustment. 

6 

GAIN -Connect the GAIN adjust potentiometer as shown in 
Figure 10. Sweep the input through the end point transition 
voltage that should cause an output transition to all zeros. 

Adjust the GAIN potentiometer until the actual end point 

transition voltage occurs at E:. 
Table I details the transition voltage levels required. 

(at (bt 

FIGURE 10. Two methods of connecting optional gain ad
just with a 0.6% range of adjustment. 

.. 
.. 
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DAC80 BURR-BROWN 

I' u cl 

Integrated Circuit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES: 

• WIDE POWER SUPPLY RANGE MODELS 
AVAILABLE IZ MODELS) 

• 12-8IT. 3-DI6IT RESOLUTION 
• :tl/2LSB MAXIMUM NONUNEARITY 
• COMPLETE WITH INTERNAL REFERENCE 

AND OUTPUT AMPUFIER IV MODELS) 
• FAST SETTUHG - 300nlllC 10 :!:D.Ol % 

II MODELS) 
• CERAMIC DUAL-IH.LJHE PACKAGE 
• LOW enST 

VOLTAGE MODEL 

UV REf OUT 

IWIAIIlUST 

,VI .... COMMOI 
~ - SUMMII. JUlcnDl 

~ IHI. 
~ u. ... ~ 

~ Rtsilmr 2IIV UII( 
~ 

N_ 
c 
iii ••• IQYUII( 
a c.un.. 

SwitdNr; 11"""'1 OffSET 

II£F llPUT 

VIII 

,VI 

lOSlC SUmy 

DESCRIPTION 

Use this popular 12-bit digital-ta-analog converter 
for low cost precision performance applications. 

DACaO. with internal reference and optional output 
amplifier. offers a max.imum nonlinearity error of 
:!:O.012%. :tJOppm/"C maximum gain drift. and 
monctonicity - all over a o"e to 10u e operating 
range. In the bipolar configuration. total accuracy 
drift is guaranteed to beles. th~n :!:2Sppml "C. Select 
TTL compatible complementary IZ-bit binary (CBn 
or 3-digit BCD (CCO) input codes. 

Packaged within CAC80's 24-pin du':i~in-Iine-
ceramic case are fast-settling switches and stable. 
lascr-trimmed thin-film resistors -that let you select 
output voltage ranges of :!:2.S. ::S. :t10. 0 t~+5 . 0 to 
+10 volts (V models) or output current ranges of 
:tlmA or 0 to -2mA (I models). Voltage output 
model. settle to :!:O.OI% of FSR in 3"sec fora 10V 
step change. 

By specifying the new OAC80Z model with a supply 
range of:t11.4V to :t16.0V. you can use this proven 
0 / A converter in microprocessor _and 
semiconductor memory systems. 

_._----- --

Intlmltilllli ALI1ItWt Industria Put: . P.Q. au 11.tIJJ · TIGCIl. AI'tmnI 8S73e • Ttl. (8021 748-'111 • Tn: 91Q:95Z·)J!.L·, Ciblc 88RCO~' :. TIIII: 65-&C8L ___ _ 

- '--'--". '- '- "--'- 1911 Bu.IT.Brown Resc:arc:h CIJll'or.uion PDS·)22F Prinled in U.S.A. Fettru.ary. 1919 



SPECIFICATIONS 
Typtcal at 2SOC and rated pow. sUPP'''' un' ... otherwiM noted. 

ELECTRICAL 
MODIL DAC80CBI DACaocCD 

MIN TYP MAX MIN TVP MAX UNITS 

DIGITAL INPUT 
ReeotuUon 12 BU. 

3 
LGgta L8veta (TTUCompUb .... ,1 

DI9tt11 

LagtcaI"-(at +4OIIA) +2 +5.5 +2 +5.5 VDC 
L;ap:aI T (d -1.OmA) a +0.8 a +0.8 VDC 

ACCURACY 
Unartly Error d 25°C :1/4 :112 :118 :114 U8 
DIfteNnUaJ Unarity Error :112 +1.~4 :1/4 :1/Z LS8 
Gain !mmIl :0.1 :ta.3 :0.1 :0.3 .. 
O .... ErrofCZ) :0.015 :0.15 :0.015 :0.15 .. cfFSAGI 
Monotonldty Temp. Range. nUn 0 +10 a +70 °C 

DR1m4t (aec to +7aeC) 
Tora bfoat., drtft. m .. ('ndud. gain. 

offMt. aid Hnarity csrtftaJ(4) :2S :25 ppm of FSAJOC 
T«*I error owr oec to +7QOCtII 

UntpaIar :!:O.GI :0.15 :o.ae :0.15 .. otFSA 
BIpolar :0.011 :!:O.12 :0.011 :!:O.12 .. ofFSA 

GaJn :15 t:SO :15 :t3O ppmJ-C-
ExctUliw of fnt8rMI ,.,.,..... :10 :!:'SO ppm/°C 

UftipoWr 0ftIeC :!:1 ~ :1 ~ ppm of FSAfeC 
BloaWOtfMt . :!:T :15 :7 %15 ppm of FSAfeC 
~ Uneatty aec to +7QOC :112 +1. -7/8 :1/2 +1. -711 LSB 
un.rky I!nar oec to +1O'C :1/2 :1/2 UB 

CO ...... ON SPaDN cnodG 
Sealing Time to :!:0.01" of FSA 
Far FSR Change 

wittI 10lI0 FeedIIcJr 5 5 --wittl5IIQ ,...... 3 '3 ,... 
For 1LS8 QIanp 1$ 1.5 --Slew Rate 10 20 10 20 VI".. 

CONVIItSION SP&DII mod .. - of FSA 
SealIng TIme to :a.o1~ 
FarFSACMnp 

100 to 1GOQ Load 3GO 300 nsea 
11cO ..... 1 1 ,... 

ANALOG OUTPUTN mod .. 
t2.5. :s. %10. a to +5. a to +10 a to +10 VOlta 

~CurNnt :t5 I Q.GI I :s mV 
OUtpuIlmpedanc:e (DC} a.os Oftma 
SIIaft Cn:utt curaaon l~toCcmmo" 

AIULOCI OUTPUTn mocMt8 
R ..... :1. Oto-Z Oto-Z mA 
Outpul Impedance - 8IpaCar 4.4 4.4 leG 
~ Impedanca-- Unipolar 10 15 leG 
CcmoUance :u ~S VOlta 

IIn'IRNAL RiHiiiIiNCI YOLTAGa +U +e.3 VOila 
MuimuIn I5xterMI curnnu- ~ :J:2GO IIA 
Temoco of Drttt. &aX :10 :!:20 :10 :!:20 PPWOC 

fIOWIR ...... Y S8ISI1MTY 
+1SV.., %0.02 :o.az "of~Vs 
-1SV and -+eV Supof'" :a.oaz to.OOZ 'ofFS~Vs 

POWUSUM.Y ReaUIIIIIIIINTS 
DACIJ :14. +4.71 :15. +S :11. +1' %14, +4.75 :15. +6 :18. +1' VDe 
DAC8OZC7l :11 .... +4.71 :12. +5 :18, +1' :11 .... +4.71 =12. +5 :11. +1' vee 
SucIPIy Drain 

%1SVI:!:1ZV (Including SmA 108d) t25 - :!:21 - mA 
+5V(logIc~t +20 ::so +20 %30 mA 

Tl!llPlDlA1VR8 IWIICR 
Spectfladon a +10 a +70 oc 
O~ (dou_dowe~J -25 +IS -25 +85 OC 
SCor8ge -U +100 -55 +100 °C 

NOT1:S: 
5. See "Computing Total Ac:curacy Over "emoerature." 1. AdCIIng exwnaa CMOS flu buffera CD .. A will provide CMOS Inpur 

compatibility. 
2. AdI .......... co zera wilft extenw trtm po1efttiornecet. 

S. With gl'n and offset errors adjusted to zaro at 25°C. See dlsc,{lSion on 
latDIG" 

3. FSR mana "Full Scale Auge'" anel fa 20V for :1OV range. 10V for :5V 
rup. ecc. 

~ To maintain dttft SfMC Int.m .. feecIDactE reaisCorI must be UMd far 
cunent ~ moCIeta. 

7. DAC80Z SUDpty range is ~12.0V min to :18.OV max for 0 to ·1OV and 
:1OV outPUlL 

B. Maximum with no degradation of speafications. 
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CONNECTION DIAGRAMS 

VOLTAGE MODEL 

NOTES: 
1. 3IrQ ,. ceo modtIf8. 5110 tot C8I mod .... 
2. ffCCllu-=tiICI to+Vs.wttlc:h lapemriaillte.po..-dlaipdon Incrwaee200mW. 
3. CSI mocs .. 21lQ; CCO macNt. on and pin 31 "a no internal connection. 

---'--'-" --.. 4 1.3110 r-.cor Inc.,.,.,., grouncr.d on CCO mad .... 
5. R ..... r.qUired only for Z modeIa. ... "Operating InslrUCttona'". 

PIN ASSIGNMENTS 
PIn 

I Modeta No.. V Modele 

(USB) BIt 1 1 Bit 1 (MlB) 
BIt 2 2 BIt 2 
BIt 3 3 8It3 
81t. • BIt. 
BItS 5 BItS 
Bit • • BIt. 
Sit 7 7 Bit 7 
SitS 8 SItS 

--- r-- 81tl 9 Bit I 
BIlla 10 Bit 10 

- .. 1'---
BIt 11 11 BIt" -----.--. --1---' 

(LSB) BIt 12 12 BIt 12 (LSB) 
LOGIC SUPPl. Y 13 LOGIC sup"," Y 

-------- -- - r---'- .Vs 14 -Vs 
lOUT 15 VOUT 

---------_.- ---- REF. INPUT 1. REF. INPUT 
BIPOLAR OFFSET 17 BIPOLAR OFFSET 

SCAUNG NETWORK lS lOY RANGE 
SCAUNG NETWORK 19 20V RANGE 
SCAL:ING NETWORK 20 SUMMING JUNCTlON 

COMMON 21 COMMON 
+Vs 22 +Vs 

GAIN ADJUST 23 GAIN ADJUST 
8.3V REF. OUT 2. 6.3V AEF. OUT 

3 

CURRENT MODEL 

Eautaa! Mjuamau aad VoCUp Suppty 
Coaacaioa Diapam. Cunni Model 

MECHANICAL 
PIft numbMI IIIOWn 
for refeNftce onty. 
Numoen m., not .,. 

~ ....... ---.....,v matIIed 011 ~ 

n 
NOT&: 
L..a 1ft true ~ wttfttft .010'" i.amaliR a "UC .. ..ring plane. 

INCHes M1l.LlMETeRS 
DIM MIN MAX MIN MAX 

A 1.310 1380 l3.21 3.5. 

8 no 810 T9.55 20.57 
,. .150 210 l.81 5.l3 

0 018 021 0.48 0.53 

fI 035 350 0.89 127 

a 100 BASIC 2.5. SAS'C .. Ita ~ 130 2.79 l.lO 
I( "0 I no l.81 J 8.35 

I. aOOSASIC 15.2. SASIC 
'\I 002J 010 005 I 025 
lit oatt I 105 2.115 I 2.157 

CASE: 81D CeramIC 
MAnNG CONNECTOR: 245MC 
PIN: Pin material and pfatlng composition conform to 
metftOd 2003IS01derabUlty, of MIL-sTD-883.(exc:ept 
~3.2). 

WEIGHT: 8.4 grams 40.3 oz., 
HERMEnCITV: Contorms to methOd 101. condition C 
step 1 lfluorocarbonl of.MIL·STD-683.(groSS.leakl~ . 



DISCUSSION 

DIGITAL INPUT CODES 
The DACSO accepts complementary diptal input codes 
in either binary (CBI) or dcciDl4I (CCO) format. The CBI 
model may be connected by the user for anyone of three 
complementary codes: CSB. CTC or COB. 

TABLE I. Digital Input Codes. 

DIGITAL INPUT ANALOG OUTPUT 
CSB COB CTC:-

MSB 
Campi. .COmPL Coml'L 

LS8 StraiPI Ott. Two', 
i Biauy Binay . Campi. 
1 ooaaoooooooo +FuIIScIIo +Full Scale -LSB 
:I 0111 III 11111 +1/2 FaD Scale Zero -FuJlScIJe a 100000000000 M~-ILSB -I LS8 +FaJlSc:aIe 
~ 

I~ 11111111 II. Zero ·AdJscm. Zero 

~ 
u CCD '8 MSB LSI Co Coded Dccimd • 3 OiRirl 
l: 0110 011'" 0110 +t'UII ::iC&Ie 

@ 1111 1111 1111 %era 

• IIIWft U. MS8 01 die COB c:ade willa aD atenIal izMnIr to obIaiD 
crCcoda. 

ACCURACY 

Linearity of aD/ A convener is the true measure of its 
performance. The linearity error of the DAcaO is 
specified over its entire temperatUre range. This means 
that the analog output will Dot vary by more than 
%1/2LS8. iDaximum. from an ideal straight line drawa 
betwcc, the end points (inputs aU "1"s and a1I--o"s) over 
the specified temperature range of OOC to +700C. 

Differential linearity error of a D/ A converter is the 
deviation from an ideal 1 LSB voltage change (rom one 
adjacent output state to the next. A diffcrendallincaaty 
error specification of ±1/2LSB alC8DS that the output 
voltap step sizes caa range from 1/2LSB to 3/2LSB 
when the input chanlCS from one adjacent input state to 
the next. 

Monotonic:ity over a O°C to +7erC range is guaranteed in 
the DAcaO to insure that the analog output will increase 
or remain the same (o~ incrcasiDg input diptal codcs. 

DRIPT 
Gain Drift is a measure of the change in the (uD scale 
range output over temperature expressed in pans per 
million per °c (ppmrC). Gain drift is established by: I) 
testing the end poiDt differences (or each DACSO model 
at ere. +~C and +700C; 2) calculating the pin error 
with respccl to the ~C value and; 3) dividing by the 
lCmperature .change. This figure is expressed in ppm/oC 
and is given in the electrical specifications both with and 
without internal reference. 

Offset Drift is a measure of the actual canse in output 
with aU .. t"s on the input over the specified temperature 
range. The offset is measured at O°C. +2~C and +70°C. 
The maximum chanse in Offset is referenced to the Offset 
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at ~C and is divided by the temperature range. This 
drift is expressed in parts per million of (ull scale ranse 
per °C (ppm of FSarC). 

SEnLINGnME 

Settling time (or each DAcaO model is the total time 
(including slew time) required (or the output to settle 
within an error band around its final value after a change 
in input (see Figure I). . 

a -0 .. 
CiI • CI& 

aoo 
YO; ;01 0.03 U. <r: 

11M 
0 
-; 
§ 
&. 

tOO 

FIGURE I. Full Scale Range· Settling Time vs Accuracy 

Voltage Output Models: Three settling' times are 
specified to %0.01% of full scale range (FSR): two (or 
maximum Cun scale range chanICS oflOV. 10V and one 
(or a I LSB change. The I LS B change is measured at the 
major carry (0111 ••• 11 to 1000 ••• 00). the point at which 
the wont case settling time oc:c:un. 

Current Output Models: Two settling times are specified 
to ±O.OI% of FSR. Each is given (or current models 
connected with two different resistive loads: 100 to 1000 
and 10000 to 187So. Internal resistors are provided for 
connecting nominal load resistances of· approximately 
10000 to 18000 for output voltase range of±l V and 0 to 
-lV. See Table IV. 

COMPUANCE 

Compliance voltage is the maximum voltage swing 
allowed·on the current output node in order to maintain 
specified accuracy. The maximum compliance voltage of 
aU current output models is :t2.'V. Maximum safe 
voltage swing permitted without damage to the DAC80 is 
±SV. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure o( the effect of a 
power supply change on the 01 A convener output. It is 
defined as a percent of FSR per percent of change in 

.' 
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eitber tbe positive. negative. or logic supplies about tbe 
nominal power supply voltages (see Figure 2). 

l..~ O.J 
~ , 0.06 
c:. r O.CM 
~ > 0.02 .. c: 

c%i 'ia O.OJ 
~ c: 0.006 
~ A O.ocM 
'; ~ 0.002 

o 
;..~ 0.001 

I 

.I 
+Suppty (+V,) ~.........,..... 

/ -
.I .~ -Supply(-V,) .-'" ___ '1,,).\.09 

, ....., 
10 100 Ik 10k lOOk 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs Power Supply 
Ripple. 

REFERENCE SUPPLY 

All OACSO models' arc supplied with an intemal6.J volt 
reference voltage supply. This voltage (pin 24) bas a 
tolerance of ±5% and must be connected to the Reference 
Input (pin 16) for specified operation. This reference may 
be used externally also. but extcma1 current drain is 
limited· to 2OO"A. An external buffer amplifier is 
recommended if this reference will be used to drive other 
system components. 

--r'--" ---'- ------- . 
OPERATING INSTRUCTIONS 

±12 VOLT SUPPLY OPERATION 

The Z models will operate with supply voltages as low as 
±11.4V. For operation with supplies less than ±14V an 
external resistor must be connected between tbe positive 
supply and pin 24. This provides additional current 
required by the internal reference. The required resistor 
value for supply voltages of ±11.4V to ±12.6V is 2.0ktl 
and for supplies of ±12.6V to ±14V is 3.9kll. 

It is recommended tbat output voltage ranges -IOV to 
+IOV and 0 to +IOV not be used with tbe Z model if the 
supply voltaJeS are ever less than the recommended 
!: 12V. The output amplifier may saturate if I V,g~ -I VOII& 

- maxi < 2.0V. This applies to units with both CBI and 
ceo input codes. Except for operation at lower supply 
volt~ges. the DAC80Z and DACHO operation is identical 

POWER SUPPLY CONNECTlONS 

.____ ... 1te..c;gJlRltgg: For optimum performance and noise 
lejection. power supply decoupling capacitors should be 
added as shown in the Connection Diagrams. These 
capacitors (II'F tantalum or electrolytic recommended) 
should be located close to the DAC80. Electrolytic 
capacitors. if used. should be paralleled with O.OII'F 
ceramic capacitors for best high frequency performance. 
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EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed- by installing external 
Offset and Gain potentiometers. Connect these 
potentiometers as shown in the connection diagrams and 
adjust as described below. Tea of the potentiometers 
should be lOOppm/oC 9r less. The 3.9MO and 33MO 
resistors (20% carbon or better) should be located close to 
the DAC80 to prevent noise pickup. If it is not convenient 
to use these high value resiston. an equivalent wr 
network. as shown in Figure 3, may be substituted in each -
casco The Gain Adjust (pin 23) is a high impedance point 
and a O.OOII'F to 0.0 I "F ceramic capacitor sbould be 
connected from this pin to Common (pin 21) to prevent 
noise pickup. Refer to Figures 4 and 5 for relationship of 
Offset and Oain adjustments to unipolar and bipolar 
o I A converters. 

Offset Adjustment: For unipolar (eSB. CCO) 
configurations, apply the digital input code that should 
produce zero potential output and adjust the Offset 
potentiometer for zero outpuL 

~ 
3lMO 

---
-

~j~ 

FIGURE 3. Equivalent Resistances. 

For bipolar (COB, CTC) configurations. apply the 
digital input code that should produce the maximum 
negative output voltage. Example: If the Full ScaJc 
Range is connected for lOV, the maximum negative 
output voltage is -IOV. Sec Table II for corresponding 
codes and tbe Connection ~iagrams for offset 
adjustment connections. 

FlO U R E 4. Relationship of Offset and Gain 
Adjustments for a Unipolar 
01 A Convener. 



TABLE II. Digital Input/ Analog Output. 

ANALOG OUTPUT 
DIG1TAI. INPUT VOLTAGE- CURRENT 

o to +IOV :tIOV o to-lmA :lmA 
IHiI Raolusioa 

.:I MSB LSB 
u OOOOOOOOOOOO +9.9976V +9.9951 V -1.9995mA oO.999SmA '8 
::I 011111111111 .5.0000v o.oooov -1.0000mA o.OOOOmA 
is 100000000000 ..... 9976V -Q.0049V .o.9995mA +O.OOOSmA 
u 111111111111 o.oooov -lo.OOOOV tl.OOOOaIA +1.000mA 

OaeLSB ~4oCaaY 4.88mV o.4811A 0.481161\ 
~. 

l-Dipu RaoluUoa .. MSB LS8 
'8 0110 0110 0110 +9.990V- MIA -I.249aIA NIt\. 
:I 0110 0110 1111 +9.900V MIA -1.2J8mA NIt\. 
Q 0110 1111 1111 +9.000v MIA -1.I25mA NIt\. 
~ 1111 1111 1111 o.aoov MIA o.OOOmA NIA 

0_LS8 lo.00mV MIA . 1.25,.A NIt\. 

.. Normal CuD scale raqc wUb com:a coda; 0UlpUl C&Q &'0 bisbcr iC ilJepl c:odcs ant A1'P1icd. 
- To oblaia values for adler biauy (CBI) raaps: 0 to +5V IUp: diYidc 0 to +IOY raap va1ucI by ~ 

'j;jV rap: ctiYidc :tIOV raapYalaa.,,2. 
~ raap: divide :tIOV r&IIP values by 4. 

Gain Adjustment: For either unipolar or bipolar 
configurations.. apply the digital input that should give 
the maximum positive voltage output. Adjust the Gain 
potentiometer for this positive full scale voltage. See 
Table II for positive full scale voltages and the 
Connection Diagrams for gain adjustment connections. 

FIGURE S. Relationship of Offset and Gain 
Adjustments for a Bipolar 
0/ A Convener. 

VOLTAGE OUTPUT MODELS 

OUTPUT RANGE CONNECTIONS 
Internal scaling resistors provided in the DAC80 may be 
connected to produce bipolar output voltage ranges of 
±10V·. ±SV or ±2.SV or unipolar output voltagc ranges 
of 0 to +SV or 0 to +IOV·. Sec Figure 6. 

-Rllcr to :tJ1V Sup,., Oplr'Uioa dilnslioa. 
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To rei. 0 REF. INPUT 6.lkO 

~--~~.~-~~------~~ 
-BIPOLAR 

OFFSET 017 
Fraaa Wei&bU:d 18 C %1 
Rcsis&ar COM MON-Z. 

jkQ(CBI) ~ 
HClW~OI:.::rt~ __ ~~_"AIV-__ "" __ -"I""'_-C: 19 

ltO(CCO) 
OUTPUT 

o Pia 1111Olc:oaaa:ccd rorCCO 
-=- IIIOCIIIL n. 6.3kO rcsiIIGr is 

iammaJiy eonucud to CCKIIIDGtL 

I' 

FIGURE 6. Output Amplifier Voltage Range Scaling 
Circuit." 

Gain and offset drift are minimized in the CAC80 
because of the thermal tracking of the scaling resistors 
with other device components. Connections for various 
output voltage ranges are shown in Table III. Settling 
time is specified for a fuU scale range change: S 
microseconds for SkO or IOtO feedback resistors: 3 
microseconds for a StO feedback resistor. 

TABLE III. Output Voltage Range Connections· 
Voltage Model CAC80. 

0Utpm DisiIU Coaaec:t CoDDCCt Couca Cozmca 

RaaaI InpulCodcs Pin I'to Pin 11 to· Pin 19 to Pin 16 to 

;tJO COB «CTC 19 ~ I' 24 

:t5 COBorCTC 18 20 N.C. :4 
:l:2.5V COBorCTC 18 :0 :0 24 

o to+IOV CSB 18 21 N.C. :4 
Oto+5V CSB 18 21 :0 24 
Oco.,.IOV CCD 19 N.C. I' ::4 



CURRENT OUTPUT MODELS 
The equivalent output circuit and resistive scaling 
network of the current model differ from the voltage 
model and are shown in Figures 7 and 8. Instructions for 
using the CAcao-XXX-1 with a resistor or an external op 
amp foDow. External Ru or RLP resistors are required to 
produce exactly 0 to -2V or ±l V output. TCR of these 
resistors should be ±IOOppm/oC or less to maintain the 
DACSO output specifications. If exact output ranges are 
not required. the external resistors are not needed. 

REF. INPUT C roref.C01III'Oiat. 
16 0 - ~~4 -------0 17 

"~._. _____ ._ . ______ . 6.J1I:£1 

____ . la~ . ~"'---"I-. ~~ ~: 
1,0---3 ': DAacKBI-I - 0 -

REF. INPUT 6.lltO ImcraaUy tied co 
160 ~Ir. -----~ ... COMMON 

lItO -
la~-...... ---"¥I' - 0 19 

~OOJ':~ g::: 
FIGURE 7. Internal Scaling Resistors. 

~_~ ____ QfIl.VINGAJiESlmVI! LOAD UNIPOLAR 

, A load resistance. RL = Ru + Ru. connected as shown in 
"" - -"" - ,- -. . Figure 9 wiD generate a voltage range, V OUT, determined 

by: 

VOUT ::: -2mA 

__ "_~ere RL max = 1.36kfl 
and VOUT max :a -2.5V 

To achieve specified drift, connect the internal scaling 
resistor (Ru) as shown in Table IV to an external metal 
rum -Uimresistor (Ru) to provide full scale output 
voltage range of 0 to -2V. With Ru :: 0, VOUT:: -1.S2V. 

CCO Input Code: Connect the internal scaling resistors 
as shown in Table IV and add an extemal metal film 

Internal resistors are provided to scale an external op 
amp or to configure a resistive load to offer two output 
voltage ranges of ±l V or 0 to -2V. These resistors (Ru) 
are an integral pan of the CACSO and maintain gain and 
bipolar offset drift specifications. If the internal resistors 
are not used. external RL (or Rp) resistors should have a 
TCa of ±25 ppm/oC or less to minimize drift. This will 
typically add ±50 ppml °c + the TCR of RL (or Rp) to tJte 
total drift. 

To ref. 
coaual 

+ ~Ict. 
6.JV ... ---.J~----~..J 

FIGURE 8. CACSO Current Model Equivalent Output 
Circuit. 

~-----.---.--------~r-----~+ 

15t.Q 

FIGURE 9. Equivalent Circuit CACaO-CDI-1 
Connected for Unipolar Voltage Output 
with Resistive Load. 

TABLE IV. CACSO-XXX-I Resistive Load Connections . _. -- . -
f- _c ___ ~_ ".- - Ru COI'UlClClioIll Refcncce . Bipolu Offla IcterDaI 1% MCIIaI Film 
- -. - .-DiIi&al---.~ RCIiswa &ccmal Rais1aDco Coaacc:c COIlDCCl COftIIC COaacr:l COllDeCl 

. InpuaCoda Ran&e Ru Ru Ru Pia" Co Pia 18 co Pia 20 Co Pia J.&.&4- ..lfuW7_tG. 1-_ Ru "." -"~-" 
"- --- -

8etwaa 
CSB o co-IV 0.96811:£1 1050 N/A 20 19 ct Rc.s 15 24 COlD (21) Pia 18 ct NiA 

Com (21) 

8mwca 
ceo o co.2V J.875kQ N/A J6.jkn 19 Com (11) N.C. l4 N.C. N/A Pia" & 

13ccwcea 21 
COBorCTC ~JV 1.2kO 90.90 N/A 18 19 Rc.s %4 ., Pin :0& NtA 

"'-'- - -- "- . ~om (21~. - . _ .. 
-

7 



resistor (RLP) in parallel as shown·in Figure 10 to obtain a 
o to -2V full scale output voltage range for CCD input 
codes: 

V ::I I 2S A (IS.6kll X RL ) n,'T -. m 
15.6kll + Rt. 

If RLP = QQ, Vour:g -2.08V 

c~ caaualJal 
by digiW iapul 

\r 1S-6II1I 
• 010 Ru 

1.~mA 

1-+---0+ 

VOVl' 

FIGURE 10. DACSO-CCD-I Connected for Voltage· 
Output with Resistive Load. 

DRIVING A RESISTOR LOAD BIPOLAR 
The equivalent ouptut circuit for a bipo!aroutput voltage 
range is shown in Figure II, RL = RLI + Ru. VOUT is 
determined by: 

. (RL x 4.44kll) 
VOUT ::I ±J mA RL + 4.44kll 

When: RL ~ax ::I S.72kll 

Vour max ::I ±2.SV 

To achieve specified drift. connect the internal scaling 
re5istors (Ru) as shown in Table IV for the CO B or CTC 

Current conuolJcd 
b1 diaUaI iftpuc 

(r---.... - .... ---..-oA. "1----0+ 

:lmA 

FIGURE II. DAC80-CBI-1 Connected for Bipolar 
Output Voltage with Resistive Load. 
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codes and add an external metal film resistor (Ru) in 
series to obtain a full scale output range of ±J V. 

With Ru = 0, Vour::l ±O.944V. 

DRIVING AN EXTERNAL OP AMP 

The current modeJ DACaO will drive the summing 
junction of an op amp used as a current to voltage 
converter to produce an output voltage. See Figure J 2. 

Vour = lour x Rp 
where lour is the DACaO output current and Rp is the 
feedback resistor. Using the internal feedback resiston of 
the current model DACaO provides output voltage 
ranges the same as the voltage model DAC80. To obtain 
the desired output voltage range when connecting an 
external op amp, refer to Table V. 

TABLE V. Voltage Range of Current Output DACaO. 

0aqIu& OfFal Cocmca Coanca COCIDCCC Concct 
Rup ra,a&Coda @ to Pia 11to Pia .9 to Pia 1610 

:IOV COB or ere .9 15 @ 24 
:5V C080rCTC 18 I' N.e. 24 

:!:2.5V C08.ere 18 I' ., 24 
OIO+IOV CS8 18 2J N.e. 24 
Oco +5V CS8 18 2J l' 24 
Oco+IOV ceo 19 N.e. @ 24 

lOV RANGE (CBI) 
IOV RANGE cceD' 

noCBI. JtQCCD 

15kQ 

FIGURE 12. External Op Amp - Using Internal 
Feedback Resistors. 

OUTPUT LARGER THAN 20V RANGE 

VOVl' 

For output voltage ranges larger than ±JOV, a high 
voltage op amp may be employed with an external 
feedback resistor. Use lOUT values of ±JmA for bipolar 
voltage ranges and -2mA for unipolar voltage ranges. See 
Figure 13. Usc protection diodes when a high voltage op 
amp is used. 

The feedback resistor, RF, should have a temperature 
coefficient as low as possible. Using an external feedback 
resistor. overall drift of the circuit increases due to the 

.. 



lack of temperature tracking between RF and the internal 
scaling resistor network. This win typically add SO 
ppm/oC + RF drift to total drift. 

FIOURE 13. External Op Amp .. Using External 
Feedback Resistors. 

COMPUTING TOTAL 
ACCURACY OVER 
TEMPERATURE ...... _----- •... _- --- . 

The accurac:y drift with temperature of a DAC80 consisu 
of three primary components: Gain d.riC~ unipolar or 
bipolar offset drift. and ~earity drift. To obtain the 
wont case accuracy drif~ most users would assume that 
aD drift errors are random and would simply add them 
algebraically. HOWCM:r7 the wont case accuraq' drift for 
a DAOO operating in the bipolar mode is about one..lJalf 
of the algebraic sum of the individual drift erron. 

To explain this f~ it is necessary to consider the 
unipolar and bipolar modes of operation separately. 

- ·-Note that the linearity drift of both modes is negligible. 
(Total linearity error is less thaD ±J/2LSB over ODC to 
+700C.) 
In the unipolar mode of operatio~ offset drift (±1 
ppm/ DC) is due primarily to voltage offset drift of the 
output op amp and. to a lesser exten~ to the leakage 
current through the quad current switches. Gain drift 
consists 'of several components: 1) ±JO ppm/DC due to 
ratio drift of current weighting resistors to the reference 

- resistor and current switch V 88 to the reference transistor 
(refer to Model4SS0 data sheet); and 2) ±20 ppm/ °C due 
to the zener reference. The sum of these two components, 
±30 ppml DC7 is the maximum gain drift. 

Because-the parameters described could all drift in the 
same direction, the worst case accuracy drift in the 
unipolar mode is simply the sum of the components, or 
±31 ppm/DC. 

In the bipolar mode the major portion (67%) of gain drift 
is due to the zener reference. The gain and offset drifts 
caused by reference drift are always in opposite 
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directions. Therefore, the accuracy drilt will be the 
difference rather tban the sum of these drifts. 

Firs~ consider the effect of reference variations on offset 
drift. Figure 14 shows a simplified circuit diagram of a 
DAC80 operating in the bipolar mode with aU bits off. 
The current switch leakage current is negligible7 so 

Rp V 
V-PULL SCALB = --R X UP' 

BPO 

= .. 

• +ISV 

6.Jkll 

fMC -0 

~ e 6.3V = .. IOV 
6.3kll 

IOkO 

FlOURE 14. Simplified Diagram of DACSO with "All 
Bits or Operating in BiDoiar ±IOV 
Range. 

This equation shows that if V RU increases, the output 
voltage will decrease aDd vice versa. If the Vau drift is 
+20 ppmr~ this is equivalent to (+20 ppmrC) x 
(+6.3V) = +126" V I DC. This will result in a voltage drift at 
the amplificr output of 

RF 4VUF =--.-R8PO 4T 

= -~ .126"VrC = .. 200"VrC. 
6.3ktl 

Since the DACSO is operating in the ±lOV range this is 
equivalent to ( .. 200" V ro -+ (20V range) = .. 10 ppm of 
FSR/oC. 

Now consider the effect of reference changes on gain 
drilt. When all the bits are turned on it can be shown that: 

i1 V +PULL SCALI! = + 
i1T 

Rp VReF -e-
RaPO i1T 

10kO = + -et26"VrC = +200",VrC 
6.3kfi 

d +200"V/oC 
an • = +IOppm/oC of FSR. 

20V Range 



This result indicates that the drift of the minus fun scale 
voltage: will be equal in magnitude to, and in the opposite: 
direction of. the drift of the plus full scale voltage and that 
zener reference variations bave vinuany no effect on the 
zero point (see Figure 15>. This equation also indicates 
that the gaiD drift is equal to the VaBP drift in ppm/oC, 
and the magnitude of the minus fun scale drift and plus 
run scale drift is equal to one-half of the V Rip drift. 

iii 
: I I II' I 

D~I,...(bi) 

AV .... a·.V ... 
Gaia Drift - AV ....... 

-lAV ... 

FIGURE 15. (a) Effect of a Positive Reference Drift on 
the Ideal 01 A Traasfer Function; (b) Error Distribution 
Due: to Reference Voltage Drift in a DAC80. 

USing this relationship, the wont case accuracy drift for a 
bipolar OACSO can be computed. The maximum TCR of 
the zener reference is ±20ppmrC. The gain drift due'to 
the reference then is also ±2Oppm/ ac. The full scale drift 
and bipolar offset drift are each haJf tbat amount or 
±lCJppmrC. The maximum gain and offsct drifts of the 
OAC80, exclusive of the reference, are ±IOppmrC and 
±SppmrC respectively. Adding this to the fuJI scale drift 
due to the reference gives a worst case total accuracy drift 
of±25ppmrC. (Random drifts. which thc:sc arc:, can be 
iii the same directio~ so they add directly.) This is much 
less than the total drift obtained by simply adding the 
maximum pin and bipolar offset drifts (±4SppmrC). 
The maximum zero point drift is equal to one-half of the 
gain drift exclusive of the reference plus the offset drift 
exclusive of the reference, or ±10ppm of FSRrC. 

The OAC80 is specified over a O°C to +10aC temperature 
range giving a maximum excursion from room 
temperature (+~C) of 4SOC. Assuming that gain and 
offset erron bave been adjusted to zero at room 
temperature, 

total wom case accuracy error 

=- Linearity error + Accuracy drift x AT 
=- :to.O 1% + ±2Sppm/oC (4SOC)( I 00) 
=-±O.12%; 

total wont case bipolar zero point error 

= Bipolar zero drift x AT 
= ±IOppm of FSR% (4SOC)(IOO) 
=±O.04S%. 

ORDERING INFORMATION 
,caD , - xxx - ~ I 

Low Cost 12-Bit 0/ A Converter Z • Wide Supply INPUT CODE OUTPUT 
Family Range CBI· Complementary V=Voltage 

Example: DACso.cBl· V Blank • Standard 12-bit binary I:a Current 
BinaIy DACaO CCD:;a Complementary 
with voltage output 3-digit BCD 

PRICES 

MODEL 1·24 25·99 10()·249 

DACSQ.CBI-V 52S.50 526.50 $19.50 
DACSQ.CBI·I 26.50 24.50 18.50 
DACS()'cC1).V 28.50 26.50 19.50 
OACSQ.CCD-I 26.50 24.50 18.50 
OACaOZ-CBI-V 29.50 27.50 20.50 
OACSOZ-CBI·I 27.50 25.50 19.50 
DACSOZ-CCD-V 29.50 27.50 20.50 
OAC80Z-CCD-1 27.50 25.50 19.50 

The iafOftllUioD in this pubIicatioII has bca carefuily cbccJccd ~s belic'WCd 10 be retiable; howc¥cr. ftC)' ~~bil~ is uswncd (or possible iaccuracics or omissions. 
Prica aDd spccif'1CIIionI an subjca 10 chaft .. wiahoal notice. No puenl ripu are JI'Ulcd 10 aay of diet ClfCWlS descnbed herein. 
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SHC298AM 

lOW COST MONOLITHIC 

SAMPLE-HOLD AMPLIFIER 

• 12 Bit Throughput AcaJracy 
• Less Than 10 psec Acquisition Time 
• Wldeband Noise Less Than 20 pit rms 
• Reliable Monolithic Construction 
• 1010 n Input Resistance 
• TIl/PMOS/CMOS Compatible logic Input 

DESCRIPTION 
The SHC298AM is a high performance monolithic 
sample/hold circuit which features very high DC 
accnnu:y with fast acquisition times and a low droop rate. 
With the addition of one external holding capacitor, 12 
bit accnnu:y can be achieved with a 6 microsecond 
acquisition time. Droop rates less than S millivolts per 
minute can be achieved with a one microfarad holding 
capacitor. 

The fully differential logic inputs have low input currents, 
and are compatible with TrL, PMOS, and CMOS logic 
families. The input offset adjustment can be made using a 
single external potentiometer and resistor, and the 
adjustment does not degrade input offset drift. 

The SHC298AM will operate with power supplies 
ranging from :tS volts to ±18 volts. It is available in a 
hermetically sealed 8 lead low proftle paclcage, and is 
specified for a temperature range from -15 to +8S'C. The 

SHC298AM is the best price/ performance bargain in its BUR R _ BROWN 
class. It is well suited for use in data acquisition systenu, 
data distribution systenu, analog delay circuits, and pulse 
amplitude modulation circuits. 

C Bun-Brown Resntch Corporation 1917 

-~. '- -,_ . .- . 
• .~ • + "---- _. 

Intariiiuan .. Airpon Industri •• Plrie.P.O. !ox1140a.Tuculn,Arizon. 85734 
Ttl , 602·294-1431 • Tw", 910·952·1111.C,bl"SSRCORP. Ti l .. , 66-&491 

~~~#i!'i~~~:;:~€:: 
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SPECIFICATIONS 
Spcc:ificuiou &I T" - +~C willa rated supplia witb 1000 pF bolclinl capacicor UztIca otherwise noced. 

ELECTRICAL 
MODELS SHC298AM 

UNITS 
MIN TYP MAX 

INPUT 
ANALOG INPUT 
VoftapRep ~Va:-Ul Voila 
Muimam Sate Iapat Sipal :Vcc Volls 
RaiAaace 10'· Obma 
Btu CIUftIII 10 $0 IIA. 

DIGITAl INPUT PIa 7 Pia 8 CiIaIis Stale 
Mode CoaIroI Ttalb Table OV +2.4V Sample (Tract) 

OV +O.8V Hold 
+2.4V +2.8V Hold 
+Q.8V +2.8V Sample (TrICk) 

ModoComraludModoCoauol 

I 1 1 RefIl'alClC Iapat Cua=& 
DiffcrcaIial Lop: Thrahofd 1.4 

TRANSFER CHARACTERISTICS 
ACCURACY (250 ) 

'I'hzaaPpac NOI!!iacariIy :1:0.010 
(or HoW TIIDO< lma 

Gaia +toO 
GaiDEnw %O.OCM 
lapaz Voltap Oft'sa (adj to zaa) ±l 
Droop Rata :2$ 
OarpOOict %IS 
NoiIe(rma) lOHzto IOOtHz 10 
Power Supply Re:joaiaa %2S 

ACCURACY DRIFT 
aamDrift 3 
laClal Ofticc Drift 15 
Charp Ofl'sc& Drift C - 1000 pF 50 

C-IOJJODpF 2D 
Droop Rate at T" • ~C I 

DYNAMIC CHARACTERISTICS 
PaD Power BaadwidIb. C • 1000 pF 15 125 

C-lo.oooDF 10 16 
0aIpa& Slaw Rare. C. 1000 pF. 1 10 

C-IO.ooopp 1.4 2 
ApaanTIIDI 

Nepdftlapa& Seep 125 
PGIicift lapaa Step 30 

Acqailidaa TIllIe (C • 1000 pf) 
to ±O.OI%. lOY seep 6 
co :o.o1CJ&. 20V stGp 8 
to: 0.113&. 10V step 5 
to _1. lOV Rep 

Sam,..Hofd tJUlicm 
7 

Pat A1Ilptimda I.· 
Sc&tJi.q to I rAV 1.0 

PcaII.brausb (Rapoaae to lOY 1apuI. tcp) :G.OO7 

OUTPUT 
ANALOB OUTPUT 

Voltap Raaao :(V •• ~ 
CIII'Ial RaDp ::2 
Impcdaacc O.S 

TEMPERATURE 
SP"""brim -25 to+8S 
Operaiq -" to +125 
Storqo -" to +150 

POWER SUPPLY 
Rated Vollql :15 
RaagDlll =4.15 
CIII'Ial :t4.S 

PRICES 1-24 $1.9$ 
25-99 $6.90 

Prices and specificatiana subjCCl co cbanp witho", noUce. 

( I) LoP: voltap 011 pm 8 sbould noc aCCIId v. • I vob. 

I 10 IIA 
Vobs 

%O.OIS 9r. ot20V 

V/V 
:0.010 96 

%7 raY 
=125 "VI. 
:tZS rAY 
lO "V 
~ "Y/V 

" ppm,.C 
45 "V/'"C 
150 "Y/'"C 
50 "V/-C 
10 rAVIa 

kHz 
kHz 
VIllA 
V/IIA 

200 as 
4S .. 
10 IIA 
12- IIA 
9 IIA 
It -rAY 

1.5 -%O.OIS 9r.of20V 

VolII 
rAA 

4 Obml 

-C 
'"C 
'"C 

vee 
:18 vee 
t6..S IDA 

2 

r-----------------------------~ MECHANICAL 

~ ~~D~ 
(0.01" 

Pin Material aad Plain, ComposdioD: Coaforma to 
MiJ.&cl-883 M aftod 2003 (soldcraDUUy) 

Hctmai$F COafcmal to Mil-S&d-883. raubod 1014-
Coadilioa C. Step I. Fluorocarbon (grol.leak) and 
rAabod 1014. ConditioaA. H duias..h 10-' eel sec (fine leak) 

Connector: None 

PIN CONFIGURATION 

Mode COall'ol (SI H) 
lap", 

(TOP VIEW) 

r ". 
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FIGURE 1. ApertUre Time 
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FIGURE 4. Output Droop Rate 
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FIGURE 7. Dynamic Sampling Error 

HOLD CAPACrTOR 

FIGURE 2. Charge Offset 

HOLD CAPACITOR (~ 

FIGURE S. Acquisition Time 
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FIGURE 8. Gain Error 
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FIGURE 10. Power Supply Rejection FIGURE 11. Input Bias Current 
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FIGURE 3. Sample·to-Hold Transient 
Settling Time 

FR£C!UDICY (Hz) 

FIGURE 6. Output Noi.5e 
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FIGURE 9. Charge Offset 
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DISCUSSION OF SPECI·FICATIONS 

THROUGHPUT-NONLINEARITY is defmed as total 
Hold mode, non-adjustable, input to output error caused 
by charge offset, gain non-linearity, one millisecond of 
droop, feedthrou~ and thermal transients. It is the 
iDaccuracy due to these errol'S which cannot be corrected 
by offset and gain adjustments. Throughput nonlinearity 
is tested with a 1000 pF holding capacitor, 10 volt input 
changes, 101'SCC acquisition time, and one mjDisecond 
Hold time. 

GAIN ACCURACY is the difference between INPUT 
and OUTPUT voltage (when in the Sample mode) due to 
amplifier gain errors. 

DROOP RATE is the voltage decay at the output when 
in the Hold mode due to storage capacitor, FET switch 
leakage cUrrents, and output amplifier bias current. 
FEEDTHROUGH is the amount of the input voltage 
change that appears at the output when the amplifier is in 
the Hold modCt. 

APERTURE TIME is the time required to switch from 
Sample to Hold. The time is measured from the 509& 
point of the mode control ttansitiOD to the time at which 
the output stops tracking the input. 

ACQUISITION TIME is the time required Cor the 
Sample and Hold output to settle within a given error 
band of its final value when the mode control is switched 
from Hold to Sample. 

CHARGE OFFSET is the offset that results from the . 
cbarp coupled through the gate capacitance of the 
switching FET. This cbarp is coupled into the storage 
capacitor when ~ FET is switched to the "hold" mode. 

CONTROL 

SI]NAL SAMPLE HOLD ISAMPLI! 

~-------------~----------.~--~.nME 
INPUT 

VOLTAGE 

OUTPUT 
VOLTAGE 

OFFSET 
ER.ROR 

FIGURE 13. Sample-Hold Errol'S 

OPERATING INSTRUCTIONS 

EXTERNAL CAPACITOA SELECTION 
Capacitors with high insulation· resistance and low 
dielectric absorption, such as tetlon, polystyrene or 
polypropylene units, should be used as storage elements 
(polystyrene should not be used above +8SOC). Care 
should be taken in the printed circuit layout to minimize 
AC and DC leakage currents from the capacitor to reduce 
charge offset and droop errol'S. 

charge offset to approximately 1.5m V. Figure 5 shows the 
behavior of acquisition time with changes in external 
capacitance. 

OFFSET ADJUSTMENT 

, 
\ 

\~ 

The value of the external capacitor determines the droop, 
charge offset and acquisition time of the Sample/ Hold. 
Both droop and charge offset will vary linearly with 
capacitance from the values given in the specification 
tableforaO.OOIJ,&Fcapacitor. With a capacitor of 0.01 "F 
the droop will reduce to approximately 25 p. V / IDS and the 

The offset should be adjusted with the input grounded. 
During the adjustment, the Sample! Hold should be 
switching coDtinuously between the Sample and the Hold 
mode. The error should then be adjusted to zero when the 
unit is in the Hold mode. In this way, charge offset as well 
as amplifier offset will be adjusted. When a 0.00 I JJ.F ~ 
capacitor is used. it will not be possible to adjust the full 

4 

offset error at the Sample Hold. It should be adjusted 
elsewhere in the system. 


