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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
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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




R 1| AU PUUOR - L SWHOUYFOF S SO S WY PSS

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.
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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
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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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