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PREFACE

The CA-24 experimenters board can be a useful learning
device for the novice, or it can be a sophistocated tool for
the person experienced in computer hardware. If you need an
introduction to (or a review of) digital electronics, Section
II of this manual will 1lead you through a series of
experiments dealing with gates, flip-£flops, and the
monostable multivibrator. A computer is not needed for these
experiments, If you are already experienced in electronics,
Experiments 1, 2, and 3 will introduce you to the operation
of the board which you then can use as a stand alone device
for breadboarding simple to highly complex analog as well as
digital circuits. 1In either case, of course, you should read
Section I which contains a description of the various
features of the board.

Section III of this manual contains a series of
experiments which leads you through the use of the board as
an interactive device with an O0SI computer. For these
experiments, you must have an 0SI C4PMF, C4PDF, or C8PDF
computer. (A C1PMF can be used if it has the 639 I/0 board
installed.) Both general use and specific applications are
covered. Since the applications in the experiments are for
the purpose of 1llustration rather than as ends in
themselves, simplicity within each experiment is stressed.

When the CA-24 board is used with a computer, a certain
amount of programming is necessary. Whenever possible, the
experiments in this manual which involve interfacing with a
computer include programs written in the computer language
BASIC. This high level language facilitates convenient and
rapid programming. In one experiment, which requires high
resolution timing, assembly 1langquage routines (with their
accompanying machine codes) have been used te provide the
necessary speed and flexibility. These routines are
explained in detail.

Once you have worked through the experiments, you should
be able to use the CA-24 board creatively for a wide range of
applications. If you find you need more ‘background in
electronics, a bibliography 1listing several introductory
electronics and 6502 assembly language textbooks and manuals
is included in Appendix 2.
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PARTS AND TOOLS LIST

This manual is designed to be used with the Ohio Scientific ca-24

- BSolderless Interface Prototyping Board. Experiments 1 - 12 require

only that the CA-24 board be connected to an adegquate power supply.
Section II, page 8 discusses the power supply requirements of the
CA-24 board. Experiments 13 - 23 require that the CA-24 board be
interfaced with either a C4P or C8P using a 16 pin ribbon cable.
Section III, page 82 of this manual describes how to make this
connection.

The following is a list of the components provided with this
manual. You should identify each of these components before beginning
to work through this manual.

IC Chips (The IC Chips provided with this manual have a black
rectangular top approximately one or two inches long
with a row of metal pins extending from both sides.
The identification numbers on the IC chips are clearly
marked on their top surface. Page 23 describes how
to identify pin one on an IC chip.)

68B21 PIA Chip _
MC6858 ACIA Chip _

7408 IC Chip

7482 IC Chip

7468 IC Chip

74121 IC Chip
74175 IC Chip
8T28 IC Chip
339A IC Chip

Resistors (The resistors provided with this manual are mounted
in the center of wires approximately 2 1/2 inches long.
The resistors themselves are approximately 1/4 inch
long and 1/8 inch in diameter. The value of a
resistor is specified by a pattern of color bands.
There is a row of 32 resistors along the front edge

of the CA-24 board.) I

5 1 kilo Ohm resistors ( brown - black - red - gold )
4 2 kilo Ohm resistors ( red - black -~ red - gold )
1 33 kilo Ohm resistor ( orange - orange — orange — gold )

1¢ micro Farad capacitor (The metal cased capacitor is labeled
18 /‘(F and has the + (or -) lead labeled.)

Jumper Wires (28 each)
Short wires (2 inches)
Medium wires (4 inches)

Long wires {8 inches)

iv



5 kilo Ohm potentiometer (This is a duplicate of the part -
labeled R11 on the CA-24 board. See Fig. 1, page 2.) L

DIP Switch (This is a block of 8 SPST switches. It is a duplicate
of the parts labeled SW-A and SW-B on the CA-24 board.
See Fig. 1, page 2.)

A small screwdriver is required for removing IC chips and

adjusting the potentiometer. Experiment 23 (the 1last experiment)
requires the use of a voltmeter. Experiment 3 describes how an
(optional) oscilloscope can be attached to the CA-24 board if one is
available. In some of the experiments you may £find the use of a
digital logic probe to be helpful in tracing the actual signals on the
board. Inexpensive logic probes can be purchased at electronics
stores for approximately $25.
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SECTION I

DESCRIPTION AND USES OF THE
CA-24 EXPERIMENTER'S BOARD

STAND ALONE BREADBOARD

The CA-24 experimenter's board 1s a versatile device which
includes active circuitry and a large breadboard area on which both
digital and analog circuits can be constructed. The physical 1layout
of the board is shown in Fig. 1 while Fig. 2 shows the connections
between terminals on the under side of the breadboard area (strips A
through G).

Terminal strips B, D, and F are intended for integrated circuit
use. Each side of the strip, separated by the mid-strip indentation,
consists of § interconnected terminals. There are 64 sets of these 5
interconnections on each side of the strip.

Strips ¢ and E are used for power distribution. Bach strip
consists of terminals connected to 2 single conductors which run the
length of the strip.

Terminals for signals from and to the active circult elements
are on strips A and G. Power for components which you will place on
the breadboard is also available at these strips. Connections to the
terminals should be made with single strand wire in the size range of
AWG 20 to AWG 26. Wire size smaller then AWG 26 may not make good
contact, and wire which is too large in diameter may damage the
terminal housing. The recommended size is AWG 22.

The list of signals corresponding to the terminals on strips A
and G is given in Table 1 and the schematic diagrams for the active
circuit components are shown in Fig. 3a and 3b. oOn the far right of
these diagrams are also the signal labels found in Table 1. Extra
copies of Table 1 and Figures 3a and 3b have been included in
Appendix 3. It will be helpful to remove these diagrams for easy
reference as you work through the experiments in this manual.

When digital circuits are tested, logic levels (8 V and 45 V)
need to be available for input signals. Throughout this manual @8 V
will be referred to as logic "@" or "FALSE" and +5 V will be referred
to as logic "1" or "TRUE". These levels can be produced either by
the set of 16 switches located at the left and right £front of the
board (SW-A and SW-B), or by a series of clock pulses generated by a
555 IC chip (left side of the board).

In addition to the clock whose fregquency can be varied from 25
kHz to 7@ kHz, a series of 16 divide-by-two circuits form a frequency
reduction chain through which the base frequency of the clock can be
reduced by factors of 2 raised to powers ranging from 1 to 16. The
combination of the variable frequency c¢lock and the divide-by-two
chain allow for a continuous range of clock pulse rates from @.4 Hz
to 78 kHz.
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TABLE 1 CA-24 On Board Terminal Strip Connections

Terminal

Gl
G2
G3
G4
G5
G6
G7
G8
G9
Glo
G1l
Gl2
G13
G14
G15
G16
G17
G18
G19
G290
G21
G22
G23
G24
G25
G26
G27
G28
G29
G3@
G3l
G32
G33
G34
G35
G36
G37
G38
G39
G4d
G4l
G42
G43
G44
G45
G46
G47
G48
G49
G50
G51
G52
G53
G54

STRIP(G) Terminal
VCC (+5 V) Al
GND A2
CLK4 A3
CLK8 Ad
CLK7 AS
CLKG6 A6
CLK5 A7
GND A8
SW1A A9
SW2A AlQ
SW3A All
SWAA Al2
SWS5A Al3
SW6A Al4
SW7A Al5
SWBA Al6
LOD@ Al7
LOD1 Al8
LOD2 Al9
LOD3 A29
LOD4 A2l
LODS A22
LOD6 A23
LOD7 A24
EXTDW A25
CLK1é6 A26
VvCC A27
$2-VMA A28
LOAD A29
LID@ Alg
LID1 A3l
LID2 A32
LID3 A33
LID4 A34
LIDS A35
LID6& A3e
LID7 A37
Al ; A38
EXTDR - A39

__SW1B Adp
© SW2B A4l
SW3B A42
SW4B A43
SWS5B Ada
SWeB - Ad5
SW7B Ade
SW8RB A47
CLK1l6 . A48
CLK15 A49
CLK1l4 ASQ@
CLK13 A51
-V (=12 V or =15 V) AS2
GND A53
VCC (+5 V) A54

STRIP (A)

VCC (+5 V)
GND
CouT
CIN
CLK1
CLK2
CLK3
N.C.
N.C.
N.C.
N.C.
Af

Al
POR
D@

D1l

D2

D3

D4

D5

D6

D7
d2-VMA
LA3
EXTDE
LA2
R/W
CBl
CB2
PB@
PB1
PB2
PB3
PB4
PBS
PB6
PB7
CAl .
CA2
PAQ
PAl
PA2
PA3
PA4
PAS
PAG
PA7
CLK9
CLK1d
CLK1ll
CLK12
+V {+12 V or +15 V)
GND
VCC (+5 V)
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For digital circuits, it is frequently necessary to display logic
levels both for input signals and for output signals. There are 16 1light
emitting diodes (LED's) for this purpose mounted at the front of the
board. In Fig. 1, they are marked LED# through LED15.

If analog circuits are constructed on the board, they can be powered
from terminals on strips A and G (provided that the proper power supply
has been connected to the board). Varying voltage input signals, however,
need to be generated by some device external to the board, and the display
of the input and output signals must be done on instruments external to
the board.

The CA-24 experimenter's board used as a stand-alone device 1is an
excellent tool for the hobbyist or for the person working in electronic
circuit design. On it, trial circuits can easily be constructed and
evaluated. Furthermore, the board is an excellent teaching device.
Experiments in this manual form a nucleus of material by which a person
can learn about digital circuit performance. In addition, an educator can
design experiments which suit the purposes of a course which includes
basic electronic circuitry. '

COMPUTER INTERFACED BREADBOARD

More advanced circuits can take advantage of the computer
interface circuity which resides on the CA-24 experimenter's board.
The interface components include a 3-to-8 line decoder/multiplexer for
processing control signals, bi-directional latches {or bus
transceivers) for transferring information back and forth between the
CA-24 board and a computer, TTL (Transistor-Transistor Logic) latches
for transferring signals back and forth between the board and external
devices, and a PIA (Peripheral Interface Adapter) which permits a
computer to have a broad range of control over peripheral devices.

The interfacing feature of the CA-24 board will also be useful for
the hobbyist, the person working in circuit design, and the educator.
Additional interfacing components can be added to the breadboard and
circuits built around them evaluated. The experiments in the latter
portion of the manual introduce the user to interfacing techniques and
give some practical examples,.

We expect you will find your CA-24 board to be an interesting and
worthwhile investment.



SECTION 1II

EXPERIMENTS USING ONLY THE
CA-24 BOARD AND POWER SUPPLY

OVERVIEW AND POWER SUPPLY CONNECTION

The following twelve experiments can be worked through
using only the CA-24 board (with power supply attached) and the
components selected from those supplied with the board. The
experiments are designed to familiarize you with with the basic
functions of the board and with some relevant digital electronic
circuits. Experiments 14, 11, and 12 (particularly 14 and 11)
will help you to understand the function of IC chips on the
board which allow it to interact with a computer.

For the most part, the experiments are in order of
increasing complexity. If you have some familiarity with
digital electronics and integrated circuits, you may wish to
work through Experiments 1, 2, and 3 and then jump ahead to the
point where you feel the experiments would be of value.

In order to use the CA-24 board, it is necessary to connect
a power supply to the board. This is done by way of connector
J2 in the rear right corner of the board (Amphenol type
1-480276-0 with pins type 60619-1). The pin connections are
shown in Fig. 4. Be certain that the power supply is off when
the connection is made.

The voltage which is necessary for the operation of the
digital circuit components mounted on the board is +5 v. All of
the permanent circuit components of the board are powered by
this voltage. In order to have sufficient current capability to
meet the requirements of components used in various experiments
throughout the manual, the power supply must be able to deliver
about 1 Ampere.

I1f you should have occasion to use the breadboard area for
constructing analog circuits, you will need also the +12 V {or
+15 V) and the -12 V (or -15 V) power. Current requirements
probably would not be greater than 108 mA. These voltages,
however, are not necessary for the experiments which follow.

When you are certain that the appropriate power supply has
been correctly connected to the CA-24 board, proceed to
Experiment 1.






