®
CA-22
Analog Input Output
Interface Operation Manuza]
©® Ohio Scientific WB.
May 1980




-
=)

TABLE OF CONTENTS

CA-22
Analog Input Qutput
Interface Operation Manual .

AN INTRODUCTION TO THE OHIO SCIENTIFIC SIXTEEN PIN I/0 BUS 1
CA-15 Board 1 ?
CA=-20 Board 2
HEAD END CARDS 3
Bit Switching and Sensing The CA-21 4
j EPROM Programmer The CA-23 5
i Prototyping The CA-24 7
g Accessory Interface - The CA-25 8
) Analog I/0 The CA-22 8
g Summary 11 '
] CA-22 Overview 12
' Logic Contreol Inputs/Outputs 14
X=Y Scope Plotting 14
; HEAD END CARD or Motherboard Installation p
f . Artwork Convenlences 15
Summation 15 ,
Software 18 ?
Audio Demonstration ) 21
Applications Information 28
D/A Converters 28
A/D Converter 28
Scaling 31
Digital Input Codes 3l
Digital I/0 34
X-Y Oscilloscope Plotting : 35
Adjustments . 36
D/A Offset Adjustments : 36
D/A Gain Adjustments 36
A/D Offset Adjustment _ 36
A/D Gain Adjustment 36
Thecry of Operation ‘ 38
Analog to Digital Data Acquisition 38 Tia
Digital to Analog Conversion Lo




Installation

Accessory Bus C4P-MF, C8P-DF

48~-Pin Motherboard Bus Installation Backplane
Power Requirements

Power Connections

[T A A T )

EXAMPLES OF CIRCUITS THAT COULD BE POPULATED ON THE CA-22

BOARD LAYQUT, SCHEMATICS AND MANUFACTURERS' DATA




-

~ Lo s e s U g POV S Py A0S DU R YU ey

AN INTRODUCTION TO THE OHIO SCIENTIFIC SIXTEEN PIN I/0 BUS

Ohio Scientific is pleased to introduce a unique new product
line - The 16 Pin I/0 BUS. With this system, it is possible to
add up to eight special funetion boards while oeccupying only the
backplane slot.

This- is made possible by a novel BUS extension method which
allows Qecoding, 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 I/0 BUS cable may be attached to the CA-15
board at the rear of all CUP and C8P products. Note, in the case
of the CU4P-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 I/0 BUS

The 16 pin I/0 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 Ohic Scientific systems: Cu4P-MF, Cu4P-DMF,
and C8P-DF.

The CA-15 is mounted at the rear of the computer and contains
the following interface connections:

Joystick and numeric keypad

Mcdem and serial printer

Sixteen PIA lines (normally used for the Home Security

system - AC-17P)
Sixteen Pin I/0C BUS

-1-
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The interconnect for the Sixteen Pin I/0 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 to the CA-1l5 board

and the cother end of the cable to one of the HEAD END CARDS.
Please note that some of the HEAD END CARDS require more

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

Therefore, some of the cards requife auxiliary power supplies.

CA-20 Board ﬁ
The CA-20 board contains all the necessary logic to decode |

eight distinct HEAD END CARD interfaces. The actual interconnect,

as with the CA-15, is via simple 16 pin DIP sockets and standard

16 pin ribbon cables. 1
The CA-20 Dboard alse requires cne 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 Ohic Scientific ' %
C2 gseries and C3 series computers. It can also be installed in

CiP and C8P series systems with some medification to the CA~15 3

 Since the logic required for the I/0 BUS interface is i
simple, an additional feature was added to the CA-éU board - a ;ﬂ
crystal controlled "time-of-day" clock (hardware) subsystem. 3
The operation of the clock, excepting reading time and setting B
time, is totally independent of the host computer. As a matter g
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.




The features of the clock subsystem are as follows:
Hours, minutes, seconds and 1/10 seconds
Day of week
Day of month '
Month of year '
Four Year calendar
If you happen tc own (or use) a C2 series or (3 series
computer, the CA-20 beoard 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 elock subsystem and when that preset |
time agrees with the actual time, A.C. power is applied to the _
:@ entire computer system through the power sequencer. At a later
time, the system's A.C. power may also be removed and the system i
shut down under software/clock subsystem control.
For applications where the clock subsystem is not required,

the CA-20A will perform all the Sixteen Pin I/0 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/0 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/0 BUS.
Please note, as detailed earlier, you must use a CA-lS cor
a CA-20 board at the "computer end" of the Sixteen Pin I/0 BUS i

to complete the interface. ' ‘

-3
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In the following pages a brief product and application

description of the currently available HEAD END CARDS will be

pPresented.

Bit Switching and Sensing

The CA-21 o

The CA-21 is a 48 line parallel I/0 board featuring three
6821 PIAs (peripheral interface adapters) and prototyping/inter- B,
connecf areas.

The use of PIAs in the design allows for maximum interface
versatility as you may configure any one of the 48 I/0 lines as 4
either an input or an outpﬁt. As outputs, each line is capable

of driving a minimum of one standard TTL load.

[PV NP W

Additional versatility is added because 24 of the lines,
when configured as outputs, may simultaneously function as
inputs. This feature, although somewhat confusing, is extremely "1‘7
useful for applications such as switch matrix decoding. -Z

Each of the 48 lines is brought ocut to two fqll 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 intended for use as E
prototyping areas. Additionally, the 12 PIA "hand-ghaking"
lines are brought to 12 single foil pads.

The CA-21, with proper buffering, may be used for virtually
any computer controlled bit switching or bit sensing application
that you can imagine. With a full complement of eight CA=-21s
interfaced via the CA-20, a total of 384 individually controllable *°

I/0 lines are possible!*.




An interesting application using one CA-2l board would be
a complete, if somewhat slow, emulation of the standard Ohie
Scientific BUS.

A more standard application might be augmenting the standard
fiome Security System (AC-17P) 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) Sy sensing.a break in the foil tape.

Another useful application you could set up in concert with
the AC-12P wireless A.C. Remote Control, might be sensing when
a room is entered. You could accomplish this with pressure-
switch door mats or docr switches. When rocm 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-21 is an ideal choice. You can easily sense many
types 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.

EFPROM 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 1K through 8K byte EPROMS of this tType.
Note these parts are often identified as 8K - SuK bit EPROMS.

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

EPROM to/from EPROM or EFROM to/from computer RAM memory.

.
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Additionally, EPROM data may be read directly into the computer's ga

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 sccket and if you insert or remove an EPROM it is
likely to be damaged.

The second indicator is “PROG&AMMING". 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.

The final indicator is "PROGRAM COMPLETE". This means that
your program and verificétion was successful.

The most intriguing application for this product is the
creation of "custom"™ parts fqr your computer or peripherals.
This could range from a new system monitor to a new high'lével
language. It could even include a new character genefator for’
your CRT or printer. Note, however, tinkering around with the
internals of computers and peripherals requires a fairly high
degree of technical expertise. Also, most manufacturer's
warfanties are voided by these fypes of modifications.

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 1K through 8K byte EPROMS. These parts come in various
package styles and have.various product names., For example,
Intel’'s 2K x 8 part is the 2718, Texas Instruments' part is
known as the 2516.




_ . The CA-23 has both 24 pin and 28 pin zerc insertion force n

sockets for reading, programming and verifying the EPROMS.

Prototyping ——— The CA-2U4

The CA-24 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 éy AP Products. Two of the plug-strips
contain a connection matrix of § by 54 connections and are used
as signal distribution pqiqts. Another pair of 96 location
plug-strips are for powering the bread-board area. The actual

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

il e

a 10 by 64 location connection matrix._ Additionally, sixteen
LED indicaters and sixteen DIP switch positions are provided for
. signal observation and control functions.

Board I/0 is via TTL latches and bi-directional PTA perts
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-24 also contains a "clock" generator which is
continuously variable from approximately 25,000 Hz. through
70,000 Hz. You may also connect the c¢lock to an on-board 15
stage divider chain. This allows division of the fundamental
frequency by as little as 2t (2) to as much as 28 (65,5386).

The applications for the CA-24 are primarily prototyping

and experimenting. Parts may be inserted and removed from the

-7~
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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-24 lends itself very well to structured experiments.
that are common in the educational environment. It ié an ideal )
tool to aid in the teaching of computer and computer interface |

fundamentals.

Accessory Interface The CA=25

The CA-25 is designed to implement some of the functions 1
normally assocciated with the CA-15 interface board. 'r

It allows you to directly connect the Home Security Syétem
(AC~17P) and/or the Wireless A.C. Remote Control System (AC-12P) 3
to C2 and C3 series computers. Additicnally, if you own an older |
Ohio Seientific computer, yvou can now easily connect these systemé‘lhl
to it.

An eﬁtremely useful application of the CA-25 is ASSociated
with small business systems. Using the CA-25 with the Home " ¥
Security System, and perhaps a CA-15Y (Univewxsal Telephone
Intgrface with speech synthesizer output), the computer could

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

Analog I/0 The CA-22

The CA-22 is a high speed analog I/0 module. Although the
CA-22 is classified as a HEAD END CARD, it differs from the rest
of the family in that it may alsc be plugged directly into the
computer's standard internal BUS. 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 amalog multiplexer. This means that you may connect
up to 16 separate signals directly to the CA-22. Also included
is a sample and hoid 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 Opticns 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. i

The A to D conversion is extremely fast. It is capable
of digitizing up to 66,000 samples per second in the 8 bit J
conversion mode and 28,000 samples per second in the 12 bit mode. i
Shannon Sampling Theory states that signals should be sampled at {
twice the highest frequency present. Therefore, 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. L

The multiplexer has very high impedance inputs and is
capable 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

T
foil which you may populate in several different modes tc handle

some of the more "common" input configurations.




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 (of 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/0 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 cutputs.

You can use the CA-22 for a multitude of analog sensing
and/or analog controlling applications.

Using the proper transducers and the 1§ 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 }ust a few of the uses you could implement.

-10-




If you used blocks of RAM for data storage, other appli-

cations such as frequency doubling, ete., could be experimented _'§

with. ‘ T
If you apply more sophisticated software techniques, su@ﬁdniﬁ
as a fast Fourier transform, on stored input data, very-alahﬁ?ﬂ%&j
signal processing becomes realizable. Projects such as audio T
spectrum analyzers and speech rectdgnition experiments are . *T_

certainly practical. Note, in these types of applications you
are likely to find some signal pre-processing in hardware B’
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, i

you can construct a digital storage scope. Note, both of these
applicétions 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 I/0 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 R/D setups to educational lab
stations are now available te you via standard building blocks
énd gstandard computer systems.

For pricing and availability, contact your nearest Ohio

Scientific dealer.

-11-
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CA-22 2

Qverview

The analog I/0 (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 A/D (analog to digital

converter) with S/H (sample and hold) and very high impedance
inputs. The CA-22 Analog I/0 (input/output) provides the
capability of converting up to 16 channels of continuous signals
into discrete digital values which c¢an be processed on your 0SI
computer. The user's progr;m can scan one channel (PORT) contin-
uously or all sixteen, or any combination, with edch 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 (#.825% of

full scale reading) or 8 bits (#.4% 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 high level languages such as BASIC as well

as machine code routines. The 15 port A/D is strappable to

several unipolar (positive excursions from the ground reference) e

or bipolar (positive or negative excursions) to take fulil advantage

-12-
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of the resolution of the converter. The maximum FSR (full

scale range) is +18V to -18V (28V 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 +/- 18 volts corresponds to 78 millivolt
resolution. j

Data and control are handled b& use of dedicated addresses 4
(device registers) which are treated as memory addresses.
Additionally, three logical input lines and six logical output
lines are provided on the JW 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 _-'g
process control and laboratory instrumentation demands; high j
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 directly 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 5V peak/peak tc 28V 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 ) i
buffer for protection of the A/D and to provide very fast slew b

rates (voltage change vs time). ZEFach D/A is capable of FSR

-13-
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voltage swings (-18V to +18V) 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 vaoltage
operation (up to 34V) by the ﬁserh The three inputs are TTL
compatible with termination capability in artwork (user populated
resistors).

X-Y Scope Plotting

The CA-22 is provided with cireuits 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 ocutside of it on the OSI
accessory bus for "hands on" use. See the installation section

for more information.

-1l




Artwork Conveniences

In some applications the user may wish to pre-process the
incoming analog information (filters, preamplifiers, summing i
amplifier, ete.) to lighten the loéd of the processor in "Real :
Time" or to daecrease the complexity of the software required in o
advanced applications or experiments such as voice recognition, .
% ' audio processing, ete. An area in artwork is included that 4
i 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 L

for the application intended. Parts for these circuits are

supplied by the user. Refer to other sections of this manual for | g
more detail. | -
Summation , 33
The CA-22 is a very accurate, fast analog interface module 0
that can be used in a vast amount of different applications or ; D
expefiments. The software to control the data acquisition is
very simple and in some cases such as continucus (8) bit con- '
versions of only one channel, the software need only read a K

location to obtain valid and continuously updated A/D informatioen. R

~15-
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The A/D conversion rates 68,000 (8) bit or 28,000 (12) bit "
. conversions per second and the accuracy (+/- 1LS) 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,
procesé control or home/business envircmmental 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

T RSP S A

(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. E
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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 may or may not be used
in the 8 bit mode at the discretion Ef the user.

The flag 1s 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 bufféer from being
modified until after the computer has read the second byte. There-
fore, there 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 MSE second. The only other consideration
in the flag mode is if one or all of the three TTL inputs (which are
returned in the s%atus register) are to be used, they must not be
independently accessed. That is, the three inputs should be
scanned only when reading tlie 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 preogram.

-18-




If it is not required by the application, the flag circuitry

may be turned off in the 8 bit mode. Reading the A/D information
is then done simply by reading a location (3C788).
Analog input port selection is done by writing to $C78A.
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=¢ would select port # and bits MA to MD=15 would select port 1S5.
If port 2 is to be read using the flag mode, the correct data to
store at $C70A would be $82 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. $C789 would then be read y
~checking D7 for a 1 or valid data flag. When the flag is received, A
the lower 4 bits of a 12 bit conversion are returned in D@-D3 and
in 8 bit conversions these 4 bits are simply ignored. Also during ;[
this time, the three TTL inputs are returned in Du-D6 of 5C789. “
The most significant (MS) 8 bits of a 12 bit conversion and the 8 L
bits of an 8 bit conversion are then simply reading $C788. 4$C728
will not be modified by the hardware until it has been read.
EX.1. 12 Bit Mode -
Initialize the control register ($C78A) to 12 bit, Y
enable flag and select port (1XPXXXXX). When valid 4
data is available, D7 of %C7809 will be a one. On '
the cycle that a valid data flag is received the s
least significant 4 bits of the conversion are
returned in D3-D#, and the most significant 8 bits

are available at $C7#8, which are latched and will
not be updated again until after $C7#8 has been read.

-19- ’ ':'
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EX.2. 8 Bit Mode With Flag
Initialize control register ($C7BA) to 8 bit, enable
flag and select port (@XAXXXXX). When valid data is
available, D7 of $C789 will be a one. After the
valid data flag is read, the 8 bit conversion data
is available at $C788 and will not be updated until
after it is read.

EX.3. 8 Bit Mode No Flag

Initialize control register ($C7PA) to 8 bit, disable
flag and select port (BX1X-XXXX). After initializing
or any write to $C78A to'change ports a period of at
least 2Pus must be allowed before valid data is
available at $C788. 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 A/D.

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 DACl by writing
the LS four bits to $C70D then the MS eight bits to $C78C. 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 $C70C. DAC2 operation is identical,
with the LS four bit buffer at $C78F and the MS eight bit buffer
at SC7PE. The DAC order of magnitude is D7=MSB (most significant

bit) and DB=LSB (least significant bit).

-20-
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Audioc Demonstration

An interesting experiment or demonstration of the audio ‘ |
processing capability of the CA-22 would be to connect the output N
of the preamplifier from a radic, 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 thén 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 A
the preamplifier output to Port ## at J2 Pin 1 and the ground to 3
J2 Pin 2 (use shielded cable). Connect the audio amplifier to .
DACL at J2 Pin 12 and the ground to J2 Pin 11 (use shiélded cable). j:
The program found in this manual (PROG. 1) should then be executed

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

the A/D to do 12-bit conversions of the audio signal then transferﬁ.‘d'
the digital encoded audio data to DACL for conversion back to
audio. This program could be easily modified to perform 8 bit
conversions. Change the #$8f in line 280 to #P and delete line
288. Both of the above programs use the flag mode. In 8-bit
audio processing the flag is not usually required. To conwert ks
Prég.l to 8-bit mode using no flag change the #$88 in line 299
to #$28, delete lines 228, 268, 278, and 288. The label "LOOP"
should be inserted in line 29#. The FSR (full scale range)} of ?‘

the A/D and D/A may have to be lowered for this experiment.
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29 I PROG. 1 W
38 § ohsledieshie sk e Hes il et e s e s et e siesolesle e e o st
. 42 i 4 ASD D/R SAMPLE PROGRAM s
=17 3 we READ ANALOG INPUT PORT @ues
=17 3 4% AND QUTPUT TO DAC 4 12 #w
70 i wx BIT RESOLUTICON. REFEAT
a6 3 eSS OM Hi e Il NI M S e S ok s ‘
ga ;
108 C7@s= ADHIGH=$CTR3 A/D MSC8) BITS (D7 )>=M3B
118 C7a9= RDLOW =$C7B% AR/D LS<4) BITS & FLRG (DAY= SE
129 C7aR= CONTRL=$CT2R CONTROL REGISTER WRI/ONLY
13@a CVacC= DAC4H =3C78C D/ACLY MS{8) BITS & WORD STRB
149 C7@0= PRCAL =3C72D DARTAD 1L.S{4) BIT BUFFER
150 i
168 4200 wmfd BOE@ OBJECT CODE DESTINATION
ire 3
180 H dopesesk TNITIALIZE hoiestise
19@ 3
268 4048 A988 START LDA #3209 12 BIT, FLAG ENABLE. PORT(S)
‘ 218 4802 IPVACT STA CONTRL INITIARLIZE PARAMETERS
! 229 4003 BDAACTY STR CONTRL FORCE NEW CONYERSIDON :
‘238 i
: 249 i e MATN BODY  sowiion
i 2%5a 3 )
268 4008 RDE3CT? LOOP LDR ADLOW GET CONVERSION STARTUS
279 4998 18FB BPL. LOOP IF {DV>=@ NOT RERDY
289 488D sDADCTY . STR DRCAL STORE YALID DATAR DSC BUFFER
290 49198 RDGBRCT LDA ADHIGH GET mMS<(8> BITS
. 328 4813 SD8CCT STA DAC1H AND STROBE DAC WA L2 BIT DATA
- 318 48915 4CEa84G JMP LOGP 80 DO IT AGAIN
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SR A A

WHEN STATUS REGISTER  (SCT89)
1S READ AND D7al  (ReEady)
THE LEAST SIGNMOCAT 4 BITS
OF A 1Z ®IT LOWERYWON ARE
VALD AND RETURMED iN THE
SAME READ CNCLE

PROGRAM

INTARLYZE ]
A

STORE %4 BT B
DATA N DACY 10W ;
LD .

0D MS-8 BITS
KTea

STORE DAL 1~ Wik ‘
sLHe




1@
2@

®

e e S oo e 3 R 0 S S o e e R e o L
ek PROG. 2 sl
SR e 2o He o 200 S 246 S0 Sl e T et ekt sl sfe s e
¢ (/7D D/R SAMPLE PROG, sk

i
17 i @k READ ANALOG INPUT ke
6 H ##% PORTCAY AND QUTPUT TOu:we
e i #w DACLL) 12 BIT RES0OLU~#w:wmw
89 i ek TION, READ INPUT PORTLuek
90 H wx AND QUTPUT TO DRCYCEY #x
189 i #w 8 BIT RESCGLUTION, sk
1109 i #w REPEAT ENDLESS LOOP  ww
120 i S0 Ae e e s ot o e SNl SRR e i e e e
139 . i -
148 C798= ARDHIGH=3C7R3 ) A/B MSCB) BITS <{DP)=MSB
1389 C7e9= ADLOW =$C7o9 A/D LS<K4)> BITS & FLAG <D&) =58
168 C7@FR= CONTRL=$C7 @R CONTROL REGISTER MRI/ONLY
179 CVoB= IOUT =$C7aB & BIT DIGITAL ouT
18@ CrEaC= DAC1IH =3C78cC DAARLL) MS<3> BITS & WORD STRS
19@ C79D= DACLL =%C?72D DA/RC4LY) LS5<4> BIT BUFFER
200 CVQE= DRC2H =$CTRE D/A<22 MS<3)> BITS & WORD STEB
219 CVBF= DRCZL =3C7RF : D/ALE) LSC4) BIT BUFFER
229 3
230 40889 weE4 300 OBJECT CQDE DESTINATION
240 }
2u9 J dotcioe INITIALIZE  eowsieok
263 4888 ASaF INIT LDR #1% INITIRLIZE DAC2 L3{4) BITS
279 4002 8parcy STR DRC2L TS <@%>
; 39 i
- 290 i dofion MATN BODY otk
@ 200 )
3198 4205 A936 START LDA #s8n 12 BIT.FLAG ENRABLE, PORT<¢@)
3208 4807 28214a JSR RDY SET PORT AND GET RDY FLAG
330 49208 20aDCy STA DACAL STORE LS<4) BIT3 DACCL)
340 4800 ADA3CT . LDA ADHIGH GET MS<2)> BITS PORT(O)
3%9 4810 SDaccy STA DACAH & STROBE 412 BIT DATH
36@ 49137 ASGL LDA #4 8 BIT. FLRG ENPBLE. PORT<1)
372 4815 292140 JSR: RDY SET PORT AND GET RDY FLAG
| 382 4918 RDAA’CT LDA ADHIGH GET MS(2> BITS PORTCL)
390 4818 2DGECT STA DRC2H & STROBE 4Z BIT DATH
408 461E 4COS48 JMP START & GO DO IT AGARIN
418 4821 3DORCTYT RDY STA CONTRL SET PRRAMETERS RND PORT %
428 4824 SDORCTY STA CONTRL FORCE NEW CONYERSION
430 4927 ADGSCY LOOP LDA ADLOMW CHECK CONYERSION STATUS
449 482A 18FR BPL LOOQP IF D7V=0 NOT READY
430 462C 50 RTS WE HAYE YALID DATA'!-RETURN
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1l GOTO 19

2

3 PROG. 3

S L. C B. Y. M PROGRAM USING 574

v o CAN RLSO BE USED TG ADJUST GARIN

8 AND QFFSET USING 4 1./2 DIGIT D. %Y. M.

19 A=50952: REM ADPDRESS OF RA/D _
1S R=28/4096: REM RESOLUTION=20 YOLTS SCALE / 12 BIT(R+N
26 POKEA+2, 128: REM 3ET UP PORT AND BITS AND ENASBLE

25 FOR LOOP=1T02@:REM TRKE AYERRGE OF READING TO PREVENT JITTER

38 H=PEEK{A+L12: I=lK: REM CHECK FOR CONYERSION READY

48 H=HAND128: IFHC(>128 GOTO 38: REM IF DF=8 NOT READY

€8 J=IAND1S: REM GET LS<4) BITS

7@ Y=PEEK{(A)>:REM GET M&(3> BITS _

88 Y=Y#16+J: ¥=V%R: REM MULTIPLY BINARY EQUIV. X RESOLUTION=VOLTS(ABS)
9@ K=16-4: YX=YR+X: NEXT LOOP: X=¥X/20: REM RYERAGE

9T R=A41E3: XaINT(K): K=X/L1E3: REM WE ONLY WANT 3 DIGIT FRACTTON

100 PRINTCHRIK13); TABLS)Y: X TRBLA3D; "YOLTS ") : REM DISPLAY YOLTRGE

1ie vX=@: GOTO25: REM CLERANUP AND RESTRRT
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574 I/0 Assignment

WO-$C78F ~ DAC2? LOW 4 BITS ,
WO-$C76E - DAC2 HIGH 8 BITS + WORD STROBE
WO-$C78D - DACL LOW 4 BITS
WO-$C70C - DACL HIGH 8 BITS + INTENSITY OUTPUT + WORD STROBE
WO-$C78B- - 6 BIT I/0 OUT | j
WO-$C7@A - CONTROL REGISTER (MUX., INT., BITS) J
RO-$C789 - ADLOW - & BITS + FLAG = 3T°L INPUTS | i
RO-$C708 - ADHIGH - 8 BITS + (RESET UPDATE CONTROL) [
7 6 5 3 2 1 1. |
sc709 P IOING TOINS TOINM AD3 AD2 ADL ADJ  STATUS/DATA REGISTER § &
sC788  ADIL ADIf  AD3  ADS AD7 AD6 AD5 ADY DATA REGISTER
#=8 BIT 1 BFLAG X MD MC M MA ) |
$C7¢A 1= 12 BIT ENINT ENABLE X MD MC MB MA  CONTROL REGISTER
CONVERSTON
$C788 = 50952 sc7dc = 58956
$C709 = 5953 © $C78D = 58957
$CT0A = SPQS5u $C70E = 58958
$C78B = 5955 | $CTYF = 58959 3ﬂ
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Applications Information

D/A Converters

The Digital to Analog converters are high speed devices capable
of FSR swing in under one usecond settling to .@1% FSR in two useconds.
This includes switching, slewing, and settling time. In most cases,
the D/A converter speed will be limited only by the processing speed
of the host computer. The loading of the ouwtput op-amps should be
kept above 158@ ohms during normal operation. The output may be
shorted to either supply rail or ground indefinitely without damage 3

to the device,

A/D Converter

The A/D converter is a high speed, highly accurate successive

approximation device. :
. As shipped from the factory the A/D will do approximately

66,000 8-bit and 28,@9¢ 12-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 A/D converter is comprised of a l6-channel multiplexer,
4 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 S/H amp (8 usec @ .#1% error) and the R
actual A/D 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
R8BS and‘C25 to about 1 usec. This would also require a jumper
. from the sample and hold Pins 8 to 5 after removing the component.
Since the 12-bit conversion takes approximately 25 usec and : !
the 8-bit approximately 5 usec, it can be seen that a dramatic
conversion rate increase will be obtained, particularly in the
8-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 zj
on the MSB's and an unrelated‘voltage on the LSB's, the erron -

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

i e e e s e T e e -

of the A/D. This type of error can be quité large and is not a
recommended tactic in most applications.

Another way to increase the conversion speed slightly less {A?'
than the previous example but with good accuracy resultsJWQﬁld
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. If a larger error can be tolerated, this can
be adjusted to 6 usec for .1% error or 4 usec for 1% ervor. 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 8-bit and 12-bit mode.
In the 8-bit mode the actual conversion time of the A/D itself ‘3;5¥

may be adjusted. This would be accomplished by substituting the




crystal (X1) 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 fesulting in 4 usec conversion time and an increase in
error rate of approximately +/-%LSB.

The convert command one shot (U4H) 866 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 888 nsec.
In applications where the ambient temperature approaches or
exceeds 58°C, 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 14 usec giving the highest degree of accuracy and a
2 MHz crystal substitution for (X1) would increase converter
accuracy to its highest capabilities, but resulting in conversion
times of 9 usec + 1f usec + 860 ns = 19.8 usec. The resulting

accuracy improvement in most applications would not be required.
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Scaling

The ADC8@ input and DAC80 ocutputs 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 -18 to +18V and
@ to +18V not be used if the supply voltages are ever less than the
recommended +12V. The output amplifier may saturate if Vsupply f
-Vout > 2.@V. Refer to Figure 1 for possible scaling ranges and R

procedures. The 574 is factory configured for (CEB) code +/-10V. g

Digital Input Codes

Three binary codes are available on the 574 analog interface.
They are complementary (logic "#" is true), straight binary (CSB) 3
for unipolar input signal ranges, and complementary two's complement

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

signal ranges.




Binary

Voltage Range and LSB Values A

Voltage Range Defined As +/=18V +5V +/=2.5V @ to 1V @ to +5v
Code con CoB COB
or CTC* or CTC* or CTC* CSp** CSB**
N . N N N N N
Cna Least - FPSR/2 28v/2 18v/2 5v/2 1gv/2 5v/2
Significant N=8 78.13mv 39, 06mv 19.53mv 39.06mV 19.52nmV
Bit N=l2 4.88mv 2,.44mV 1l.22mv 2.44mV 1.22mVv
Transition
Values .

. #9g. ..g@gg***  4+Pull Scale +1fV-3/2LSB +5V-3/2LSB +2.5-3/2LSB +1@V-3/2LSB +5V-3/21.58
4 g11...111 Mid Scale 3 ' ] @ +5V +2.5V
i; 1ll...11d -Full Scale -1@V+1/2LSB -5V+1/2LSB -~2.5+1/2LSB @+1/2LSB g+1/2L8B
i
4
g

*COB = Complementary Qffset Binary **¥yoltages given are the nominal

**CSB = Complementary Straight Binary value for transition to the code

*CTC - Complementary Two's Complement. specified.
E Obtained by using the complement

. of the most significant bit.
Figure 1.
w,




A/D Converter Ranges

Input Range Code w3d W3l w27
+/=18V% *COB-or CTC X

+/=5V COB or CTC X
+/-2,5V. COB or CTC X X
8 to +5V CsB X X
8 to +1dv CSB X

X = Jumper: All others ghould be unconnected.

*As shipped from Factory.
Refer to Sheet 2 of Schematics.

Figure 2.

D/A Converter Ranges

Pin 6 Pin 17

Range Code . 0Op Amp D/A
+/-=10V#% #COB or CTC 18 D/A 15 D/A
+/=5V COB or CTC 18 D/A 15 D/A
+/-2.5V C0B or CTC 18 D/A 15 D/A

B to +14V CSB 18 D/A 21 D/A
g to +5V C3B 18 D/A 21 D/A

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

Figure 3.

Pin 19
D/A

6 OP-AMP
N.C.
15 D/A
N.C.
15 D/A

R
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Digital I/0 ]

The CA-22 as delivered by the factory has a 8+<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 aﬁalcg inputs are not required
in the application, they may be used to 'rvead' those digital
inputs. The absolute maximum input rating (+/-25V) of the multi-
Plexer must be cobserved 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 +12V interfacing may be accomplished
by cutting W-23 and jumpering W-24 or .7 to 38V open collector
by cutting out R43-R54. The 7406 open collector dpriver is capable
of sinking 44 MA and will tolerate a high level output voltage
up to +34V. ovm D XX XE v 67001 eag o

The 6~bit output port may be expanded to 8-bit by pepulating
the prototyping area of the CA-22 if required.

Refer to the software section for Digital I/0 techniques

of these two ports.

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

substituted with a 7487, 7417 op 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, ULC (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'1L is updated ULC 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 logie). If your oscilloscope

requires high true blank, cut W-39 and jumper W-4%8. R32 may be
used to vary the "unblank" period but in some applicatiocns 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) configurations, apply the digital
input céde that should produce zero 'potential output and adjust
the offset potentiometer for zero output.

For bipolar (CO0B,CTC) configuration, apply the digital input
code that should produce the maximum negative output voltage and
adjust the offset potentiometer for that voltage.

D/A Gain Adjustments

For either unipolar or bipolar configurationé, 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.

A/D 0ffset Adjustment

Sweep the input through tﬁe‘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.

A/D Gain Adjustment

Sweep the input through the end point transition voltage

that should cause an output transition to all zeros. Adjust

i, &
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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.

R6# has been provided to facilitate sweeping the analog
input voltage during these adjustments.

Since the gain and offset adjustments affect each other,
this préceduﬁé 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 i
which requires no software overhead during the conversion
process. Data acquisition is accomplished in the following '
manner. Port selection (1 of 16), conversion resolution
(8 or 12-bit) and flag/no flag aré 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-
o pPlexers 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. R1ll and R12 form the offset adjustment network.
RS controls the percentage of adjustment capability of the
gain network R5, R6, R7 and R3. Cll prevents noise from being
injected into the gain input. €31, Cc28, C30, C29, C13, Clu,
c4, €3, C29, C28, Cl1d and C8 are for power supply decoupling
and high frequency filtering. €12 is the hold capacitor of
the S/H.
A typical cycle involves the following. The one shot UuH
causes the S5/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
UsH Pin § 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 eycle (STATUS) generates
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a new sample and the cycle continues. Until the next (CONV)
command data is available at (AD11-AD@) and on the first (g2)
the data is latched into the 12-bit buffer U3B and U3A Sheet 1
by setting UME Pin § (EOC) 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 (FLAQ) is high indicating the
program has just read the LS(4) bits and flag at $C789 (/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 $C788 (/RH) and reseting the flag register UuF.

When a new (FORMAT) is generated it must alse be assumed
that a new port has alsc been selected. When this occcurs 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
hot 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
eﬁd 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 UMF Pin 6 and the end of conversion latch UYE 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 8-bit mode‘an external clock
is provided by the crystal reference X1 and USE and the internal
clock must be switched off by (/8BIT) clock inhibit. U4LE Pin 9
is used to sync the external clock to the convert command and
divide the clock by two resulting in a 58% duty cycle. The
conversion rate can be found by 1/((X1/2)/(BITS+1)). Where X1
is the crystal frequency in hertz, BITS equals number of bits
of conversion (8). The 8-bit mode is accomplished by enabling
the short cyele feature of the converter at Pin 21. Ten bit
conversions could be done by connecting ULC Pin 9 to U2B Pin 28

instead of U2B Pin 34d.

Digital to Analog Conversion

Refer to Sheet 3 of schematies. Since both DAC's are
identical only DAC'l will be discussed. A 12-bit word is -
written to the DAC in the following manner. The LS(4) bits
are first written to U4B and strobed by (/DAlL) which was
decoded by USG Sheet 1 as a write eycle to $C780D. Notice that
the 12-bit word latched in the 12-bit buffer UtA and USC is
not changed. Therefore, there is no change in the DAC ocutput.
To complete the 12-bit write the MS(8) bits are then written
to $C78C which is decoded as (/DAlH). During this write cyele
the M3(8) bits are presented by the CPU and the LS(4) bits

are presented by U4B to the 12-bit buffer. At the end of

i (=
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this write cycle the full 12-bit word is latched into the
12-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 8-bit mode is inherently present
and available. If U4B is first initialized to a predetermined
offset or BV, the MS(8) bits of the 12~-bit buffer can then be
changéd at will with no change in.the LS(4) bits as long as

no writes are done to $C70D after software initialization.

R82 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. €31, C32, Cud,
C39, Cu8 and C45 are for power supply decoupling and high
frequency filtering. C55 and R93 form a compensation 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 W§3 to form a voltage scaling

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

information given in other sections of this manual. R8¢ controls

the percentage of gain adjustability of the network R72, R71,

and R80. Increasing R8# increases the percentage of adjustability.

C47 prevents noise from being injected into the gain adjust

input.
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. Installation

Accessory Bus C4P-MF, CBP-DF

Interfacing the CA-22 to the accessory bus on the back of
your computer is accomplished by connecting a lé-pin ribbon cable
from J§ 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 éND-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-
1 tention with the present accessory bus on the 5d5B based computer.

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

f_ CA-22 for the accessory bus the following must be done:
. Install Delete/Remove
Cl7-C22 | UlF !
uzp U2E f
U3E UST '
U3F UsG
U6F
UBE i

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

diagram. Cl7-C22 must be installed if they have been removed in
a previous configuration. Refer to the power supply requirements
section for powering the CA-22 in this configuration. anl

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

this configuration. Each of the above modifications should be

-4 2~ , ]




checked before installation anyway. Refer to Figure 4 or

Figure § for the correct installation of the ribbon cable

for accessory bus interfacing.
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48-Pin Motherboard Bus Installation Backplane-

. Interfacing to 'Ehe 48-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
UlFr C17-C22
U2E ) U2D
USI U3E
UsG U3F
UGF
USE

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. (C17-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 "yv
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 inserted 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 o

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 fan(s) must
be disconnected before complete removal of the cover. Find a free :
slot in your card cage to install the CA-22. Iﬁstall on the standard. b
bus taking great care to align the pins of the CA-éZ exactly as
required and be certain that the component side of the CA~22 faces ‘f
in the same direction as the other boards (toward the front). ‘g
Instaliation of the CA-28 to the standard bus of the C4P-MF and 1
CuP-DF (not recommended) or C8P-DF which are 585 Rev.B (CPU) based
requires that the accessory bus interface on the 585 Rev.B. be dis- ;
abled. This is very important since improper:operation of the CA-ZQ-.?
and/or the accessory bus will be experienced if not done. Remove

the 585 Rev.B from the card cage. Pay close atthetion (a quick

sketch would be helpful) to any connectors that may have to be :
removed to get the 585 Rev.B in a suitable position for the'follewingjj
actions. Refer to the assembiy drawing in the 585 Rev.B schematics
and remove the two integrated circuit packages U4H and UéG. These
two packages should be labeled (8T26 or 75136).

Alternately the accessory bus on the 585 Rev.B could be f
readdressed moving the enable line from US5SJ Pin 15 to USJ Pin 1u
($C6XX). This is not recommended since this is an 08I reserved
address block and could possibly cause problems if any upgrades
are ever added to your system. Also the type of modification should X
be left to an experienced technician with the proper tools and -

knowledge.

-4 7=




e TR B s b m - b

When this is completed re-install the 545 Rev.B in the computer
taking care to replace any connectors previcusly removed in the
exact locations noted before.

Installation in 514 (CPU) based systems is accomplished by
simply connecting the CA-22 to the standard bus since there is no
present accessory bus in these systems. The exception would be
the case of a CA-28.already installéd. In this case refer to the
CA-2# manual for proper installation.

If the power supply requirements have already been met and
the proper I/0 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. 7
WARNING: If a CA-12 (96 line interface) has been installed in
your system either the CA-12 or the CA-22? must be readdressed to
prevent bus contention problems. Alternatively the "HEAD END
CARDS" could be connected to a CA-20¢ for multiple accessory bus

interfaces.

._‘_‘h"
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Power Requirements

+3V 5% @ 750 MA

| +

+11.4V to +16V + 1% @ 140 MA
(1) =11.4V to =16V + 1% @ 180 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 eritical
to the board because faulty Qiring Oor 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 pro?ided 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 0SI 48 line bus. In this configuration the +5V
and +12V are provided by the system power supplies and no further
connections are required except for the -12V 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 described 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.

+S5V + 5% @ 750 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 § volts. Two connections are provided sc that the usger
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 depend;ng on your installatien. The digital
reference (ground) for this type of installation (accessory bus)
is provided through the 16-pin ribbon cable. Refer to the CA-22
schematics (574) Sheet 4.

+11.4V to +18V + 1% @ 146 MA

Although the positive and negative voltage supplies of the
CA~22 can be anywhere in the range of the above specifications,
they should track. That is, if positive 12 volts is used then
negative 12 volts should be used. If the -16V to +1dV FSR (full
scale resolution) of the board is to be used then the supplies
must be at least plus énd minus 12 velts. 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 yéur installation.

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

'common’.




-11.4V to =16V + 1% @ 100 MA

The negative supply voltage can be obtained several different

ways. Refer to Sheet 4 of the CA~22 schematics (0SI 574). Connector

J7 Pin § 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.1) 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 negativg supply voltage may also be used for
the CA-22. This voltage can be from negative 15V 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 Pini 5 to the negative 12V 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 toc 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. regﬁlator meunting
and interconnection is provided on the CA-22. Refer to Sheet 4
of the CA-22 schematics (0SI 574). The D.C. to D.C. regulator

(PS3) could be installed to supply the +12V and -12V. TIf this

is done the regulator (REG. 1) must be removed from the board and

#"-



PS3 is installed and the CA-~22 is mounted to the standard bus in ]
a C8P-DF or similar computer with +12V on the motherboard then 'f{
+12V connection to the backplane must be cut.

If the negative only D.C. to D.C. converter (PFS1l) is installed,
then the +12V and +5V must still be supplied via the aforementioned
methods and REG.1 must be left installed.

If" either PSL or PS3 is insta%led then C8, C64 and CE1A should A
be installed. 1In either case the +5V supply is used to drive y
the converters and must be acc&unted for when determining +5V

current requirements.

-53- 3




P

[

(%]

1

W o ~3I°NM N F w N R
|

o e
N H oo
[ I T |

oy

T

W W~ ;O F ow N
]

Hoe
N H =
1o

AIN(N)
TOINC(N)
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0SI 574 I/0 Pin Assignments

AINS
AIN1
GND

AIN2
AIN3
AINu
GND

AINS
AING
AIN7
GND

DAC1

GND
TOINY
I0INS
IOING
/BLANKING
I0UTd
I0UT1
IOUT2
10UT3
I0UTY
IOUTS

GND

CA-22 Board

J3-1

W o -3 oo F o N
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J6-1

= ANALOG INPUT PORT

= I/0 INPUT BIT (N) DIGITAL, NEGATIVE LOGIC
= I/0 QUTPUT BIT (N) DIGITAL, NEGATIVE LOGIC
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AINS
AINY
GND
AIN1
AIN11
AIN12

. GND
. ATN13

ATIN1u
AINLS
GND
DAC2

SPARE

J7-1
J7-2
J7-3
J7-4
J7-5

J7-6

+5V
+5V
GND
GND
=12V
+12V
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ELECTRICAL SPECIFICATIONS | MECHANICAL | |
Typical 21 25°C and rted suppiiss unicss wise noced.
. ﬁ ADCBOAGZ-12 | ADC30AGZ-10 Units I |
‘ _ A G-12 ADCB0AG-10 .
. RESOLUTION 12 i Bits n ‘
INPUT ! -
ANALOG INPUTS - LA A EEIEEX LI
Voltage Rangss - Bipolar *2.5, 29, %i¢ v | —y
\ - Uripolar G to+5, 010 +10 v _ T - :
mpedance (Oirect tapun} T e !
O'to +5V, £25v 28 0 ' 1‘
0 to +1OV, 25V 3 kid L - |
s 2 e NI R =i N
DIGITAL INPUTS™ ; ‘ N ‘
Coavert Command Positive Puiss 10008 Wide (min) o e “‘!::_m‘:w ro Jomm - ‘
Zuwec Wide (max). QU [ 2Mmen) A § MG AT SEATING PLANE. ;
Logic Loading t TTL boud — TR i
Extermal Clock 1 TTL Lond ) %— W |
TRANSFEN CHARACTERISTICS — —— ]
A - -1.m ‘l.!u &1‘ 4‘.!2 ;
Gain Error™ i % L LI30 LO080 3 294y | 2e4e |
Offsex. Extor™ + Unipolar 1008 %of FSR'® _E__d?__m_._tn_éﬂ_
= - ) xara atanlomtas Ton
N Inn-m _(n!ﬂ 012 " ;2 % of FSR rmE o0 Bamic FryTe
: Differemtial Liswayity Error 2172 LS8 s e [ % T a7
i Na Miming Codes Temp, G20 +50 | Ow+m < Lk fasa | ase | as | sas !
3 Power Suppily Sensitivity. . ) o L 500 BAIC. 1188 BANGC |
B Tisv 0.0030: . %6 ol PER/%V, N ’ 219 | oos | ozs :
e 5V 300018 | Bof FSRI%V, | A_] va | 7% | z7% | 230 . ]
i ORIFT PING: Pin riwtivisd and pluting composition ' ;
] Specification Temparsiure Rangs ‘210 445 C corform o mettiod 2003 (Soldereniilty) of ' X
Toual socuracy, bipolar (max)! =13 wnf'g Mﬂ-sgtd.-na"l;llm peragraph 31.2)-
: Cai ) . om® | CASE: Ceramie
m‘mm i_’,’ . ,,.’Sf",i“ re © MATING CONNECTOR: 2302MC - Set of
- Bipolar, (max) s | ppm of F8R, € e aain sipe $7 oy Syt
Lineasity, {neax) 3 ppm of FSR;C LS o : |
Manotonicity GUARANTEED ‘
CONVERSION SPEED(maxy” 25 2! C et . " H o H ' :
SuT ~ Gonnection Diagram :
DIQITAL DATA . TOP VIEW
(all codes compiementary)
Paraiiel
Ourput Codes™ - Unipoinr CsB -
« Bipolar cos, CTC _
Qurput Drive 2 TTL Loeds : - !
Sevial Data Codes (NRZ) CSB, COB 3" ‘
Output Drive 2 TTL Loads £ ‘
Status Logic 1" duving conversion - ! k:
‘Status Output Drive - 2 TTL Loads s
: Drive TTL o .l
Clock t Dri 2 Londs |
i-'rutl.v.e;.u:‘;mI 300 Egz (] 7 ;
[INTERNAL AEF. VOLTAGE 63 v 7 "
Max. External Current (wizk no " [
degradation of specifications) 200 A, 0 . -
Tempoo of Drife (misx) *20 ppmi°C e 24) A
REGUIREM )
fated Voltages I v 2 "|’
Z modeis 12, +5 v 11 y
Range for Rated Accuracy 479 10 5.25 and 14,0 to £16.0 L 43 ‘ -l
Z models 475 t0 5.25 and £10.3 o £16.0 v 21
Supply Drain +[3V or +i2V +20 mA F)
-13V or -12¥ =20 mA .‘ 5
+5V +79 mA J3) 3
TEMPERATURE RANGE \LJ 18)
Specification +28 (o +85 C —~ 7
Operating {derated spee) 55.t0 +lg c I
Storage -55 to +125. ‘c e ) -
PRICES (129 FoXT) . 50 a PIN CONNECTTONS ,ﬁ|
Z modeis §4.50 .50 H T B 287 b
(. DTL, TTL compatible L., Logic “0" = 0.6V max. Lagic *I" = 2,0V min for inputs and for Gigial ourpurs. b oas N3 - |
Logie "0" = +0.4V max and “1" = 2.4V miin. _ 48r3 29, i 10 (LIB-10 Sty |
L FSR micans Full Scaie Range - for exampie. unit connected for =10V range haa 20V FSR, 5 8 2 8. 8it 11 K
1. Adjustable to zero with external trinmcts. T A Suoowy  1g 12005812 te :
4. Error shown is the same as *);2 LSB max for resolution of A/ D converter, 8 BT (0ASH} 28, SV or - 12V (T Modsish -"/
5. Conversion time with imernal clock. ’ & -5V Digueat Sunoly 24 Aet Our 1-3.30 k.
6 See Table L.  CSB - Complementary Straight Bizary. 15 Siast Commen 1, Slocx Ot
COB - Compicmentary Offsct Binary. 12 Bigows OHawt 21 Shom Cyoie
CTC - Complemenury Two's Complemiontary. 3Rt 10V Ranga 20 "Cloex nmvemt
7. For conversion speeds specified. . :: :f..f."c?:-‘..'..',. 1': 52'&'.«""3:.‘."......
8. Inctudes drift due to linearity, gain, and offset drifts. ‘ 7 18 Gawn AGWR, 57 <18Vior = 12V [ Mocese)
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DEFINITION OF DIGITAL CODES

PARALLEL DATA

Three binary codes are available on the ADCS0 paralle! cut-
put; they are complementary (logic “0™ is true) straight
binary (CSB) for unipolar input signal ranges and compie-
mentary two’s complement (CTC) and complementary offset
binary (COB) for bipolar input signal ranges.

Table [ describes the LSB, transition values and code defini-
tions for each possible ADC80 analog input signal range for
8, 10 and 12 bit resolutions,

SERIAL DATA

Two straight binary (compiementary) codes are availabie on
the serial output {ins of the ADCS0; they ars CSB and COB:
The serial data is available only during conversion antd appears
with the most significant bit (M$B) occuring first. The serial

data is synchronous with the internsl clock as shown in the

timing diagram of Figure 2. The LSB and transition values

shown in Table [ also apply to the serial data output sxcept

for the CTC code.

Sirery {BIN) y .
Qutput INPUT VOLTAGE RANG#E AND LSB VALUES
Ansieg Input » .
Vettagh fenge Defined as:|  t10v v 2.8 ow+tov | oy
Coda cos cog cos8
Dasignation ar CTC™ or CTC* or CTC™ cse - cSase
One Loswt ) 58 v L 0V, -
Significant an 20 an o n n
Bt (LW} n=$ 78.13mVv 30.08mv 19.53mv N.08mv 19.53mv
n=10 |19.82mv 9.77mv 4.88mv 9.77mv 4.88mV
nw=12 4.88mv .44V 1.22mv - Z.44mV 1.22mv
Transition Valuss
M38 [E-1 3
000, . . 008 *~* +Full Scale | +10V-2/20L88 +8Y -3/2058 | +2.8V -3/21.88 ]| +10V ~U2L98 | +8V -3/2LSB
ott... 111 Mid gesls | T 5 T 5V =
1H1... 118 ~Full Seale | 10V +%L38 -3V +%1L.38 -3V +%LSS | O+ %LSA 9 +%LSE
* COAa = Compismeitary Offser Binery 'ﬂc-amw-_amm-cummwmm *** Vaitages given sre the
** CS8 = Camplamantary Straight compiamant of the rest significant biz {MSE). VBB is naminsi vaius for transi~
Binary svseilabie on pin 8. Hon t the code specified.

TABLE . Input Voltages, Transition Values, LSB Values, and Code Definitions.

DISCUSSION OF SPECIFICATIONS

The ADCB0 is specified to provide critical performance criteria for a wids variety of
applications. The most critical specifications for an A/D converter are linearity, drift, gain
and offset errors and conversion speed effects on accuracy. The ADCS0 is factory trimmed
and tested for all critical key specificatians.

GAIN AND OFFSET ERROR

Initial GAIN and OFFSET errors are factory trimmed to
#0.1% of FSR (20.05% for unipolar oifset) at 259C, These
errors may be trimmed to zero by connecting external trim
potentiometers as shown on page 6.

ACCURACY DRIFT VS TEMPERATURE

Three major drift parameters degrade A/D converter accuracy
over temperature; they are gain, offset and linearity drift,
The worst case accuracy drift is the summation of all three
drift errors over temperature. Statistically, these errors do
not add algebraically, but are random variables which behave

as root-sum-squared (RSS) or lg errors as follows:
RSS = €52 + €02 + Gel

where €g = gain drift error (ppm/2C)
€o = offset drift error (ppm of FSR/°C)
€e = |inearity error (ppm of FSR/9C)

For unipolar operation, the total RSS drift is +30.3ppm/°C.

e R 0 P

ACCURACY VS SPEED

In successive approximation A/D converters, the conversion
speed affects linearity and differential linearity errors. Con-
version: speed and its effect on linearity and differontiai
linearity errors for the ADCS0 are shown in Figures 3 and 4.
The ADC80 conversion speeds are specified for a maximum
linearity error of +4LSB and a differential linearity error of
+%LSB with the internal clock, Faster conversion speeds up
to 23us for 12 bits, 12usec for 10 bits and Gus for 8 bits are
possible with an external clock (see page 7).

POWER SUPPLY SENSITIVITY
Changes in the DC power supplies will affect the accuracy of

the ADCBOQ. The ADC80 power supply sensitivity is specified -

for £0.003% of FSR/%Vs for £15V (£12V) suppiies and
+0.0015% of FSR/%Vs for+5V supplies. Normally, regulated
power supplies with 1% or less rippie are recommended for
use with the ADCBO. See layout precautions and power sup-
ply decoupling on page 6.




LAYOUT and OPERATING INSTRUCTIONS

LAYOQUT PRECAUTIONS

Analog and digital commons are not connected internaily in
the ADC80 but should be connected together as close to the
unit as possible, prefersbly to 2 large ground plane under the
ADC80. If thess grounds must be run separatefy, use wide
conductor pattern and a 0.014F to C.1uF nonpolarized by
pass capacitor between analog and digital commons at the
unit, Low impedance analog and digitsl common retums are
essential for low noise performance. Coupling between ana-
log inputs and digital lines should be minimized by carsful
layout. Analog and digital +5 voit supplies are also not con-
nected internaily; they should be connected together it 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 type capacitors as shown in Figure 7 to obtein
noiss free operation. These capacitors shouid be located
closs to the ADCB0. 1uF electrolytic type capacitors should
be bypassed with 0.01uF ceramic capacitors for improved
high frequency performancs,

15V
(«+12V)

O—i——+1w

7T 0 '
= Tue
+Bv - 9 18 o-+-‘,n. Cam.}
- gk s
Dig, | O . )
cam. 10 17

{(+12Vv)

FIGURE 7. Recommended power supply decoupling.

or better TCR’s are recommended for minimum drift over temperature and time. 'I‘heupon
be any value from 10 k2 to 100 k2. Al resistors should be 20% carbon or better. Pin'16(Gain”

INPUT SCALING

The ADC30 input should be scaled as close to the maximum
Input signal range as possible in order 1o utilize the maximum
signal resdlution of the A/D converter, Connect the input
signal a3 shown in Table II. See Figure 8 for circuit details,

10V Range 13 (O
A
20V Range: 14 Orammppm
58 mZea
Camain 11 Qme —— i 1' Ta
. 83K omova ' SAR

| ¥ 1 L3

Signal | Oumur | Mai2 [ Mniid | Signe
Range Codg | TP | Ta To
r1gv cos or T 11 loputSigne| 14
8V £08 or CTT 1+ .| open 13
2.8V comgercre |- 1% ot 13
Oty +8V csa 1% 1 Mn3 13
O to +i0V csa B Opew 13

Adjust) may be left open if no external adjustment is required.

ADJUSTMENT PROCEDURE

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

Adjust the OFFSET potentiometer until the actual end point
transition voltage occursat E ?:F The ideal transitiony volt-

age values of the input are given in Tabie 1.

{a) {h)

+18V (+12V} +18V {(+13V)

1 11 180kE 1800 10k82 :
10k o @ P - fiiante
{ 1o0kn | ot 100kS2 At PR S
N sV Aod"l"‘m IN 22x8°" Gtteer 15]‘ -
t=iz2wv) Adjust A OF -18v 12wy
g i e ey v s Ens

BAIN - Connect the GAIN adjust potentiomietst as shown in
Figure 10. Sweep theinput through.the ¢nd point transition
voltage that should cause an-output transition to all zeros.
Adjust the GAIN potentiometer iatil ths actual end point
transition voitage occurs at E 0N,

Table [ details the transition voltage levels required.

@) ' o)

+15V mam 18V (+12V)

FIGURE 9. Two methods of connectitig optional offset ad-
just with a 0.4% of FSR range of adjustment,

6

"FIGURE 10. Two miéthods of connecting optional gain ad-
just with a 0.6% range of adjustment. _




e CONNECTION DIAGRAMS .

T A Wikt S T

; ! {
. VOLTAGE MODEL ) CURRENT MODEL ‘;
A
% *Vy " [£1] iy !
_' 1 i~ 28 I
B ﬂ:u - Rel BMg ma !
. 8
{1000 Contrat T 100k02
tuf —9 U SUpF D)
Vs . - Vg
3.7 L £ 5
.‘: = s £ oy 1&“
Mg 110060 128k ™ i toox2
0 Ladder wA-L1e
B Ragistor y 19mQ
b _O 7 Ne “‘“. A " : ) : —O \
; Wy Corrent ik ; uF Vg -
“ ] Switches || 4 1))
) m ) 1
1 R - | ~418}) :
10 15 I
Vs " Vg
uf ) & & uf i
1‘&5. ' @ ) MR ,i
Extermal Adjsimens and Voags Supply
@ Connsetion Diagram. Curvent Moded, W (D
% NoTES: - MECHANICAL
' 1. 3ki} for GCO madels, 5k0) for GBI modela. '
: 2. i conniected 10+Vs, which ia permissible, power dissipation increases 200mw. Pin numbers shewn |- |
r S.CBlmodu.MCGDmonmﬁnmhumiwm for ret  onty, [
: . 4. 8.3k0} resistor internally grounded on CCD modeis. . FFTTe mﬂm"ﬂ" |
€. Rasistor required anly tor Z modeia, 36w “Operating Instructions”™, nf paskigs. I

!
l_.; " --. " ;

s 1
PIN ASSIGNMENTS r —.
. Pin :
| Modats  No.  V Models f ] |
{MSB) Bit 1 1 Bit1(MS®) - -J Ln-.-- 1 !
Bit 2 2 8wz -] £ L - ‘
Bita 3 Br3 NOTE: 1
Bit4 4 B4 Loads in true position: wiiMA 0107 | 20mmiR at MMG i seating plane. f
8ts 5 Bis MCHES | MILUMETERS
Bits 8§ Bita OIM [N ] MAK | MM T AKX
z:: : a:: A 1310 =,¥ 131.27 J4 34
B 770 gr9_| ross | 2057 s
Sit 9 9 Bite ~ 180 21 1.81 5.33 I
8it10 10  8itvo o 318 | 031 | o8 | wsd ; A
Bit 11 11 Bt 11 & 238 a8 89 127 [
LSBY B 12 12 8K 12(LSH) s 190 BASIC___|_ ziaasmic |
LOQIC SUPPLY 13 LOGIC SUPPLY - o | 101 274 ] 158 '
Vs 14 -vg x 150 250 ] 3av | sas y
lour 15 Vewr c L ssosasic 19.26 sagic I
REF. INPUT 18 REF. INPUT ¥ | oo | oio | oos | ous
BIPQLAR OFFSET 17 BIPOLAR OFFSET A gss | a8 2.18 .87
SCALING NETWORK 18 10V -RANGE CASE: Black Cerantic )
SCALING NETWORK 18 20V AANGE . MATING CONNECTOR: 245MC T,
SCALING NETWORK ] SUMMING JUNCTION . PIN: Pin material andg ptating composition conform 1o . !
COMMAN 21 COMMON mathod 2003 (solderadility) of MIL-STD-883 [excent l{
+Vs 22 +vg paragraph 3.21. ’ g
enmatT GAIN ADJUST 23 GAIN ADJUST WEIGHT: 3.4 grams (0.3 0z2.) i
RN 8.3V REF. QUT 24 8.3V REF. OUT HERAMETICITY: Conforms to methad 1014 condition ¢ |
. steg- 1 (Huorocargon: of MiL-STD-883 tgross leak). [
. e
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DISCUSSION

DIGITAL INPUT CODES

The DACS0 accepts complementary digital input codes
in either binary (CBI) or decimal (CCD) format. The CBI
model may be connected by the user for any one of three
compiementary codes: CSB, CTC or COB.

TABLE L Digita! Input Codes.

DIGITAL INPUT ANALOG QUTPUT
ci:l. COB CTC*
MSB LSB Steaight Ottt Two's
Binary Binwry .
| — T e e
3| onntiany +1/2 Foll Scade | Zero Full Scais
g 100000000000 Mid-ecale -JLSB| -] LSB +Fuil Scale
HUnuy Zero -Full Scale Zero
§ cco
MSB LS8 Coded Decimal - 3 Digi
| orie e1ie- o100
§ It 1M L Zaro
* Invert thy MSB of the COB code with am exernal invarter to. cbtain
CTC code,

ACCURACY

Linearity of a D/ A converter is the true measure of its
performance, The linearity error of the DACSD is
specified over its entire temperature mnge. This means
that the analog output will not vary by more than
£1/2LSB, maximum, from an ideal straight line drawn
between the end points (inputs all “1*s and 2il “0"s) over
the specified temperature range of 0°C 1o +70°C.
Differential linearity error of a DfA converter is the
deviation from an ideal ILSB voltage change from one
adjacent output state to the next. A differential linearity
error specification of =1/2L.SB means. that the output
voltage step sizes can range from 1/2LSB to 3/2LSB
when the input changes from one adjacent input state to
the zext.

Monotonicity over 2 0°C to +70°C range is guaranteed in
the DACS0 to insure that the analog outpus will increase
or remain the same for increasing input digital codes.

DRIFT

Gain Drift is 2 measure of the change in the full scaie
range output over temperature expressed in parts per
million per °C (ppm/°C). Gain drift is established by: 1)
testing the end point differences for each DACS0 modei
at 0°C, +25°C and +70°C; 2) calculating the gain error
with respect to the 25°C value and; 3) dividing by the
temperature change, This figure is expressed in ppm/°C
and is given in the electrical specifications bath with and
without internal reference.

Offset Drift is a measure of the actual change in output
with all “1™s on the input over the specified temperaturs
range. The offset is measured at 0°C, +25°C and +70°C.
The maximum change in Offset is referenced to the Offset

at 25°C and is divided by the tempersture range. This
drift is expressed in parts per million of full scale range
per °C (ppm of FSR/°C).

SETTLING TIME

Settling time for each DACS0 model is the total time
(including slew time) required for the output to settle
within an error band around.its final value aftera change
in input (see Figurs [).

‘Y V.1
. ¥ Modats
o X \_is=n
IModets |\ \ 08
é’ dJ %Y b . o F 1.: seic
ﬂ M i s . | B ) l‘ "
TIARAR T
32 oaf -\ L
‘?'. oot 100 tg. | :
g 1000 ‘ 3
aom AL "
10000 10
acor | 1875 8 NN
H I

FIGURE 1. Full Seale. Range Settling Time v Accuiracy

Voltage Output Modeis: Three settling times are
specified to £0.01% of fuil scale range (FSR): two. for
maximum full scale range changes-of 20V, 10V and one
for a ILSB change. The ILSB change is mésisuradat the
major carry (0111...11 to 1000.,:00), che:point at whick
the worst case settling time ocours. -

Current Qutput Models: Two settling times are specified
to 20.01% of FSR. Each is. given for current models
conaected with two different resistive joads: 100} to 1000
and 10002 to 18751). Internal resistors are provided for
connecting nominal load resistances: of approXimately
10000 to 13000 for output voltage range of £1V and 0 to
-2V, See Table IV,

COMPLIANCE

Compliance voltage is the maximum ydltagq.‘__swit;ﬁ;"

ailowed on the current output node in orderto maintain .
specified accuracy. The maximuym compliance voltage: of
all current. output models ls *2.5V, Maximunr saje.

voitage swing permitted without damage to the DACBOis -

t5v, R

LY

POWER SUPPLY SENSITIVITY et

Power supply sensitivity is 2 measure of the éffet;}ntét'h

7 Sugpu, )t &

power supply change an the D/ A convene;(‘of
defined as a percent of FSR per ‘percent;y &tig

R
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cither the positive, negative, or logic supplies about the
aominal power supply voltages (see Figure 2).

T =
0.04 _

5> 042 Supply Vi)

E2 am '

ot gﬂ-m w":

L 3 oo 3 295 30

z 2 0.002 - "I’P'V("L PR AT |

® * o0 :

16 - 100 1k 10k 100k
Power Supply Ripple Frequency (Hz)

FIGURE 2. Power Supply Rejection vs. Power Supply
Ripple.

REFERENCE SUPPLY

All DAC30 modeis are supplied with an internal 6.3 voit
reference voltage supply. This voltage (pin 24) has 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 externsl current drain is

limited' to 200uA. An extermal buffer amplifier is
recommended if this reference will be used to drive other
system components.

OPERATING INSTRUCTIONS

12 VOLT SUPPLY OPERATION

The Z models will operate with suppiy voltages as low as
114V, For operation with supplies less than #14V an
external resistor must be connected between the positive
supply and pin 24. This provides additional current
required by the internal reference. The required resistor
value for suppiy voltages of £11.4V to £i2.6V is 2.0k}
and for supplies of £12.6V to 14V is 3.9k,

It is recommended that output voitage ranges -10V to
+10V and 0 to +10V not be used with the Z model if the
supply voltages are ever less than the recommended
£I2V. The output amplifier may saturate if| V,upp ~| Vou
max| < 2.0V, This appiies 10 units with both CBI and
CCD input codes. Except for operation at lower supply
voltages. the DACS0Z and DACY0 operation is identicai.

POWER SUPPLY CONNECTIONS

Decoupling For optimum performance and noise
1ejection, power supply decoupling capacitors should be
added as shown in the Connection Diagrams. These
capagitors (LuF tantalum or electroiytic recommended)
should® be” |dcated close to the DACS0. Electrolytic
capiiéiibi"s';‘:'if iised; shouid be paralleled with 0.01uF
ceraitlid&llglEitors Tor best high frequency performance,

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. TCR of the potentiometers
should be 100ppm/°C pr less. The 3.9M0 and I3MQ
resistors (20% carbon or better) shouid be located close to
the DACS0 to prevent noise pickap. Ifitis not convenient
to. use these high value resistors, an equivalent “T™
network, as shown in Figure 3, may be substituted in each
case. The Gain Adjust (pin 23) is a high impedance point
and a 0.001uF to 0.01uF ceramic capacitor should be
connected from this pin to Common (pin 21) to prevent
noise pickup. Refer to Figures 4 and 5 for relationship of
Offset and Gain adjustments to unipolar and bipolar
D/ A converters. -

Offset Adjustment: For unipolar (CSB, CCD)
configusations, apply the digital input code that should
produce zero- potential output and adjust the Offse
potentiometer for zero. output,

— E T
C—W—Q = ,
ama Loutt
ioMn. 130kt 150k
O —Q =
-——
10k0

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 Scale
Range is connected for 20V, the maximum negative
output voltage is -10V. See Table II for corresponding
codes and the Connection Diagrams for offset
adjustment connections.

} g
b ’
“Full Scale A{ ”
'u.sd-f R
o
i = X /-‘I / Rﬂﬂ o
¥ s > /; Fo Gaia: Adj
2 = jF o
I oz o
: = i % Gain A
< F|aueie o ain Adj
= | Loge1 gZu roue
Range of . >
nge z the time All s
Offser Adj. l / F Logic0
P 4 /
Offset Adj. SR W doaeef
Imstaes 3 Digitad 1
the {ine Digial lnpwe

FIGURE 4. Relationship of Offset and Gain
Adjustments for a Unipoiar
D/ A Converter,
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CURRENT OUTPUT MODELS

The equivaient output circuit and resistive scaling
network of the current model differ from the voltage
model and are shown in Figures 7 and $. Instructions for
using the DACS0-XXX-I with a resistor or an external op
amp follow. External Rys or Re» resistors are required to
produce exactly 0 to -2V or #1V output. TCR of these
resistors shouid be +100ppm;/°C or less to0 maintain the
DACR0 autput specifications. If exact output ranges are
not required, the external resistors are not needed.

Taternal resistors are provided o scale an external op
amp or to configure a resistive load to offer two output
voitage ranges of =1V or 0 to -2V, These resistors (Rug)
are an integrai part of the DAC30 and maintain gain and
bipolar offset drift specifications. If the internal resistors
are not used, external R (or Ry) resistors should have a
TCR of 325 ppm/°C or less to minimize drift, This will
typically add +50 ppm/°C + the TCR of R, (or Re) to the
total drift.

FIGURE 7. Internal Scaling Resistors.

REF. INPUT Toret concrol okt
16 Q——Ewﬁﬁ —Q REF.OUT
18 AN AN, 19 | BIPOI AR
C . ;m - 250 0 To ref. JFFRET
S . + m"" . REF.INPUT
15 (A) DACI0-CBI QO» c ) s.3v 16
REF. INPUT . &3k Internally tied to = 13 lour
16 Qrmm——— COMMON
) = 1
13 APy 19 Oew
o— w o L]
sk o:n NG,
(s (B) DACI0.CCDA Qe coMMan

FIGURE 8. DAC30 Current Model Equivalent Qutput
Circuit,

DRIVING A RESISTIVE LOAD UNIPOLAR

A load resistance, R = Ry + Rus, connected as shownin
Figure 9 will generate a voitage range, Vayr, determined

by:
- 15kQ x R,
Vour = -2mA (lsm ™ RL)

Where R, max = 1,35k}
and Vour max = 2.5V

To achieve specified drift, connect the internal scaling
resistor (Ro:} as shown in Table IV to an external metal
film trim resistor (Rus) to provide full scale output
voltage range of 0 ta -2V. With Ris =0, Vour = -1.82V.

CCD Input Code: Connect the internal scaling resistors
as shown in Table IV and add an external metal film

TABLE 1V. DACB0-XXX-I Resistive Load Connections.

O

COMMON

FIGURE 9. Equivalent Circuit DACS0-CBI-1
Connected for Unipolar Voitage Output
with Resistive Load.

ey = b4 Internai 19 Mol Fiim _'“_‘ Rui Connectioiis Reference | - Bigoiar Offser
Dimieal Qutput | Rasismance | Extermeil Resistsnce | Comnest | Co Connect | Connect | Conmect .
.. .Input Codes | Range Ru Rus Rer PinlSw | Pin20'to | Pn20t | Paisto | PinlTw Ras Rip

T CSB Gto-2V | 0.968k0 tosn NiA F.1 19 & Ris 15 247 [ Com(2l) | Pin 13 & NiA
: .|. Gom{2D)
.. CCD 0tw-2v | 1.875x0 NiA 3&5k0 9 Com (21) N.C. 24 . WN.C; ¢ NiA Pinisa&
. N . ; Batwern’ 21
COBarCTC | 21V L2k .50 N/A 13 13 Ris “ 15 Pin20 & Nra
bt R . ‘Com {21)

-y - _
b

on

I e T e e




e it e

resistor (Rep) in parallel as shown in Figure [0toobtaina codes and add an external metal film resistor (:itﬁ) in i
0 to -2V full scale output voltage range for CCD input series to obtain a full scaie output range of 21V.

codes: )
" Ru x Rep With Rus = 0, Vour = 20,944V,
With R, = Ru+Rep .
_ DRIVING AN EXTERNAL OP AMP
Vour = «1.25mA ( i?.:"‘_“.ﬂk)- The current modet DAC30 will drive the summing
5.6k + Ry junction of an op amp used as a current to voltage

converter to produce an output voltage. See Figure 12,
Vour = lour X Ry

where lour is the DACB0 output current and Re is the

feedback resistor. Using the internal feedback resistors of

the current model DACS0 provides output voltage

ranges the same as the voitage model DACS0. To obtain

the desired output voitage range when connecting an

If Rup = o0, Vour = 2,08V

Curreat controlied externai op amp, réfer to Table V. :
by digital input "
+ TABLE V. Voltage Range of Current Output DACS0.
Cutpat Digiai' | Connen | Consste'| Connect | Consee
C' ?"’ R Vour  Range laptt Code @ ta | Ph We| P19 0 Plal6te
-0~ v [coBarcre| o 15 | u ]
COMMON 3V |COBorCIC] I8 5 NG | :
2sv |comeecre| 1t 1 I8 n
] : 4 N = .
FIGURE (0. DACS0.CCD Connested for Voitage: - | oyl S | o | 2 | me | = :
Qutput with Resistive Load. sw+iov] cop s | Nc | @ 2

DRIVING A RESISTOR LOAD BIPOLAR

The equivalent ouptut circuit fora bipolar output voltage
range is shown in Figure ([, Ry = Ry; + Res. Vouris 20V RANGE. (&R,

determined by: 10V RANGECED)
A A —
. Re x 4.44%0Q k0 CBY, 301 CCD J - o
Vorr =ximA | RU¥ aaacn |
L . 'sm 0V RANGE (CBI) .
Where Ry, max = 5.72kQ} 13 3
VOUT max = tz-sv M
To achieve specified drift, connect the internal scaling GDI < 150 |
resistors (Ryy) as shown in Table [V for the COB or CTC Oto2mA f) g
_/V ; - i 4 '
* For fast sactiing times, T S ]
) . —— -; 3 : FerSpEr ]
FIGURE 12. External Op Amp - Using Internal ~«:one. '
... ... Feedback Resistors. et LA Ay
¥ ’ R S i
B . LT A y
OUTPUT LARGER THAN 20V RANGE .,.- 1 :+ 30« it
For output voltage ranges larger than 10V, a high E:
voitage op amp may be eniployed with.an externaly B
feedback resistor. Use [our values.of +1mAdfor dipolar: - 3
voltage ranges and -2mA for unipolar voltageranges. Seq. N L
Y. . Figuie 13. Use protection diodes when a high voltageop - i
commoN amp is used. S st v
, _ ,L The feedback resistor, Re, should .have a2 iemporature> !
FIGURE LI. DAC80-CBI-{ Connested for ‘Bipoiar coefficient as low as possibie. Using an.exvemned fepdback” |
" Output Voltage with Resistive Load. resistor, overall drift of the circuit increases due to the




lack of temperature tracking between R¢ and the internal
scaling resistor network. This wiil typically add 50
ppm,/°C + Ry drift to totai driit,

* For output voitege swings up ta 140V pep,

FIGURE 13. External Op Amp - Using External
Feedback Resistors.

COMPUTING TOTAL
ACCURACY OVER
TEMPERATURE

The accuracy drift with temperature of a DACS0 consists
of three primary components: Gain drift, unipolar or
bipolar offset drift, and linearity drift. To cbtein the
worst case accuracy drift, most users would assume that
all drift errors are random and would simpily add them
aigebraically. However, the worst case accyracy drift for
a DAC30 operating in the bipolar mode is about one-half
of the algebraic sum of the individual drift errors.

To expiain this fact, it is neceasary 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 than +1/2LSB. over 0*°Cto
+70°C.) ,

In the unipolar mode of operation, offset drift (|

ppm/°C) is due primarily to voltage offset drift of the

output op amp and, to a lesser extent, to the leakage °
cirrent through the quad current switches. Gain drifi

consists of several components: 1) £10 ppm/°C due to
ratio drift of current weighting resistors to the reference
resistor and current switch Vag to the reference transistor

(refer to Model 4550 data sheet); and 2) £20 ppm/°C due
to the zener referénce. The sum of these two comporients,

330 ppm/°C,.is the maximum gain drift: |

Because the parameters described could all drift in the
same!direction, the worst case accuracy drift in the
unipelar:mode:is simply the sum of the components, or
BLppm/iC: -+ - -

In the bipolar mode the major portion (67%) of gain drift ..

is duestestiveener reference. The gain and offset drifts”

causedsaby:! befétérice” drift are always in opposite

ot nr arts pwieT oo

directions. Therefore, the accuracy drift will be the
difference rather than the sum of these drifts.

First, consider the effect of reference variations on offset
drift. Figure 14 shows a simplified circuit diagrani of a
DACS0 operating in the bipalar mode with ail bits off,
The current switch leakage current is negiigible, so

V-ruLs scavz = .RR.:o X Vier

10k} .
- S i— V Ed -IUV
T

. 13y
f L]
-—-W'_.._..
Re

V= puts scasn

FIGURE I4. Simplified Diagram of DACS0 with “All
Bits Off™ Operating in Bipolar 10V
Range.

This equation shows that if Vasr increases, the output
voitage will decrease and vice versa. If the Vagr drift is
+20 ppm/°C, this is equivaleat to (+20 ppm{°C) x
(+6.3V)=+126uV/°C. This will resuit ina voltage drift at
the ampiifier output of

AV_ps - Re AVipay
_—_— e, L QYnrr
AT Raro AT

10kQ}
= e o o [26uV/C = -Zm;.cv °C.
sk T RV /

Since the DACS0 is operating in the 10V range thisis °
equivalent to (-200uV/°C) + (20V range)=-10 ppm of -

FSR/°C.

Now consider the effect of reference changes.on gain .

a Pra

drift. When all the bitsar= turned on it can be shown that:

Re  Vpgr- 7

AVeruy seare. _ o Re

AT ~F Rem®aT

lokn- - r-talm'“- v ~» - e ' )
126 V OG‘“‘ 4 ~v Oc e
6.3kn oK } +200:Y/

=+

e sy T
AN e +1 ‘ of ¥ :
+.20¥ Raage . Oppm/ h‘c'o FSR

Whe e tme
!



This resuit indicates that the drift of the minus fuil scale Using this relationship, the worstcase accuracy driftfora | %

voltage will be equal in magnitude to, and inthe opposite bipolar DACS0 can be computed, The maximamTCR of ,
direction of, the drift of the pius fuil scale voltage and that the zener reference is +20ppm/°C. The gain drift due to
zener reference variations have virtually no effect on the the reference then is also $20ppm/°C. The full scale drift
zero poimt (see Figure 15). This equation aiso indicates and bipolar offset drift are each half that amount or
that the gain drift is equal to the Vagr drift in ppm;/°C, £10ppm/°C. The maximum gaist and offset drifts of the
and the magnitude of the minus full scale drift and plus DAC30, exciusive of the reference, are +10ppm/°C and

fuil scale drift is equal to one-half of the Vage drift, L5ppm/ °C respectively. Adding this to the full seale drift
due to the reference gives a worst case total accuragy drift
-} y of £25ppm/°C. (Random drifts, which these are, can be
z At in the same direction, so they.add directly.) This is much .
i St less than the total drift obtained by simply adding the ]
8 e maximum gain and bipolar offset drifts (£45ppm/°C). y
: §| 7 deemsa The maximum zero point drift is equal to one-haif of the 1
LG 0o poiee. gain drift exclusive of the reference pius the offset drify
™ _V - ) eXclusive of the reference, or Li0ppm of FSR/'C.
o+ Digaal (npu (oi) The DAC30 is specified over 1 6°C to+70°C temperature
. ;’ range giving a maximum excursion from room
.y AVer = AVors temperature (+23°C) of 45°C. Assuming that gain and 3
Py _ Gain Dirift = &V.ey ~drvy offset crrors have been adjusted to zero at room .
< =4V temperature, :
V7 :
4
[el?..; total worst case accuracy error
j . ||| : = Linearity error + Accueagy drift x AT
Ol il ] = +0.01% + £2Sppm/°C (45°CX100) 4
[ 11T : =£0.12%; 4
i 3 |
i total worst case bipolar zero point error 3
FIGURE 13. (a) Effect of a Positive Reference Drift on = Bipolar zero drift x AT 3
the Ideal D/ A Transfer Function; (b) Error Distribution = *10ppmt of FSR% (45°CX100) [
Due to Reference Voitage Drift in a2 DACS0. = $0.045%. \
ua-ffg' :__g - xfx - _ § 3
Low Cost T28it D/A Comverter ~ Z=Wide Supply  INPUT CODE OUTPUT :
Family Range CBl= Compiementary V = Voltage
Example: DACSO-CBL.V Blank = Standard ‘ 12-bit binary I = Current
Binary DACS0 CCD= Complementary
~ with voltage output 3-digit BCD
— N , et
MODEL e T N ' B A
'DACSOCBEY— -+ . 38356 T T 4650 iy
. " DACSOCBHE -+ - 2650 " #2650 -t
I . _-?ic30-§«%~ oty TS T 26.50 < 1 !
 DACBOLEDL™™" ¢ 26,50 -t s 24,50 :
T DACSOZLBLY . ¢ 29507 .. . .27s0 : 7
CCDRCSGITELL . zmso” T L asse : -
- -DACSOZLCBV ~ ™ ¢ 79,50 e, 150 w7
J . .DACBOZLCDL---— . - 27.50 et 25.50
' ' A B _ '71-.;- T ) o . R
The inforation in ths publication has been carefully checked and is believed 16 be retisbie: bowever, 1 responsibiity is assumed for posible iniiuiaiiel o missians.
mm;ﬂwmwammmﬂomm ani framtied to-any of the circuits described kerein. ’ )
n L ) o oy e e RIS AT R R ioﬂv'ﬁ»- - P IR e Lot il
firns o e L S e T S
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DISCUSSION OF SPECIFICATIONS |

THROUGHPUT-NONLINEARITY is defined as total
Hold mode, non-adjustable, input to output error caused
by charge offset, gain non-linearity, one millisecond of
droop, feedthrough, and thermal transients. It is the
isaccuracy due to these errors which cannot be corrected
by offset and gain adjustments. Throughput nonlinearity
is tested with a 1000 pF holding capacitor, 10.voit input
changes, 10usec acquisition time, and one millisecond
Hold time,

GAIN ACCURACY is the difference between INPUT
and QUTPUT 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 ampiifier bias current.
FEEDTHROUGH is the amount of the input voltage
change that appears at the output whenrtheamplifier is in
tke Hold mode.

APERTURE TIME is the time required to switch from
Sampie to Hoid, The time is measured from the 5063
point of the mode control ttansition to the time at which
the output stops tracking the input.

ACQUISITION TIME is the time required for the
Sampie and Hold output to settle within a given error
band of its final value when the mode control is switched
from Hold to Sampie.

CHARGE OFFSET is the offset that resuits from the .

charge coupled through the gate capacitance. of the
switching FET. This charge is coupled into the storage
capacitor when the FET is switched to the “hold™ mode.
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FIGURE |3. Sampie-Hold Errors: -

OPERATING INSTRUCTIONS _

EXTERNAL CAPACITOR SELECTION

Capacitors with high insulation resistance and low
dielectric absorption, such zs teflon, polystyrene or
polypropylene units, should be used as storage clements

| {polystyrene should not be used above +85°C). Care

AC and DC leakagecummfmmthe capacitor to reduce

charge offset and droop errors.
The value of the external capacitor detarmines the drocp,
charge offset and acquisition time of the Sample/ Hold.
Both droop and charge offsef will vary linearly with
capacitance from the values given in the specification.
table for 20.001 4F capacitor. Witha capacitor of0.01uF
thedroop will reduce to approximately 2.5uV /my and the

charge offset toapproxintutely 1.5mV. Figure S shows the
behavior of acquisition tinie: with. chianges in external
capacitancs. :

OFFSET ADJUSTMENT

The offset should be adjusted with:dhe.input grounded.
During the adjustment, the Samiple/Hold should be

. switching continuonsly berwéen theSample and the Hoid

mode. The error shotld then be adjistéd to zero when the
unit is in the:Hoid mode. livthis wey; sharge offset as weil
as amplifier offset will-be adjusted. “When a 0.001xF
capacitor is used, it wﬂmumwﬂad;mt the full
offset ervor at the Sampie: Hold., It shotid-be adjusted
elsewhere in the system. -
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