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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.
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EXPERIMENT 1

TITLE
LED Indicators
PURPOSE

The purpose of this experiment is to investigate the function of
the seventeen LED (light emitting diode) indicators on the CA-24
board.

EQUIPMENT

CA-24 board and power supply
One short (about 2 inch) jumper wire (22 gauge)

DISCUSSION

The light emitting diode (LED) is an inexpensive indicator
or display device. On the CA-24 board, a single LED functions
as a "power-on" indicator. It is located at the rear (power
cable end) of the board and is marked LED16 in Fig. 5. Sixteen
additional LED's are in two groups of eight at the front of the
board and are marked LEDg through LED15 in Pig., 5. These
sixteen additional indicators are pre-wired as shown below.

- ) ‘ +5 Volts
— 1/6 of an

Input :
T""mml——ﬂ\\\‘:c-74|;) 2290
O—D—<

777
Shown also is a sketch of three LED housings. Each 22¢ Ohm
resistor is located in front of the LED to which it is wired.
The resistors are labeled R22 through R37 on Fig. 5. The

triangle symbol marked "one-sixth of an IC-7417" represents an
identity element (same output as input) which acts as a buffer
between the LED and a signal connected to it. The identity
element is most commonly called a buffer or a driver. There are
three 7417 chips on the CA-24 board. They are marked U7A, Usa,
and U8B in Fig. 5. Each 7417 chip contains six identity
elements or buffers.

Each LED will require a maximum current of 2¢ mA. When all

of them are on, the power requirement is 17 times 28 mA or about
1/3 Ampere. This heavy power consumption (relative to

l¢



other circuits on the board) should be kept in mind when a power
supply for the CA-24 board 1is being considered and is the
Principal reason a 1 Ampere supply has been recommended.

PROCEDURE

Be certain that a 5 Volt power supply of sufficient current
capability (about 1 A) has been connected to J2 of the ¢a-24
board as described earlier in this section. Turn on the power
supply. Note that all seventeen LED's will glow. The
indicators at the front of the board will be on because a
floating input (no connection made to the input) will be
equivalent to a +5 Volt signal (commonly referred to as logic
"1" or high).

Insert one end of a short Jjumper wire into the input
terminal hole of the LED@ housing. Insert the other end into
terminal Gl (one of the four holes at the far left marked 1 on
the G terminal strip). The connection with the jumper wire is
shown pictorially in Fig. S. Reference to the terminal strip
connections in Table 1 of SECTION I shows that Gl is +5 v. It
will be noted that the LED remains on.

Recall that Appendix 3 contains extra copies of Table 1 and
Figures 3a and 3b. It will be helpful to remove these diagrams
for easy reference as you work through the experiments in this
manual.

Next, shift the jumper wire from Gl to G2 as shown in Fig.
6. Table 1 shows that G2 is ground (GND) or ¢ Volts. Note that
the LED turns off indicating a @ Vvolt signal at its input
{(commonly referred to as logic "g" or low).

Can you find other GND or ¢ Vv terminals on strip G? (Refer
to Table 1. Do not just start poking the jumper wire into
holes.) Try other combinations of LED'sS and GND terminals on
strip G.

Through this experiment you have found that the LED can be
used as an indicator for logic levels. When the input to the
LED is +5 Volts (called a logic "1" or "true"), the light is on.
When the input is @ vVolts (called a logic "g" or "false"), the
light is off. This simple indicator will serve as the basis for
most of our display functions,

11
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EXPERIMENT 2

TITLE
Logic Level Switches
PURPOSE

The purpose of this experiment is to investigate the use of the
sixteen switches on the CA-24 board.

EQUIPMENT

CA-24 board and power supply
One short jumper wire

DISCUSSION

There are 16 single-pole-single-~-throw (SPST) switches on
the CA-24 board (see front left and right corners of Fig. 7)
which can be used to set voltage (also called 1logic) 1levels.
Each switch is pre-wired as shown below for switch 1A (SwWlA) in
switch block A (SW-A). '

+5 Volts
Switch Block A (SW-A)

Typical Switeh SWIA -
a7k il

-~

Q G9 Switch
Tarminal

/7

The diagrams below show the switch positions for the two
output or legic level conditions.

____________ 7
/
r
TV —
+5 Voity o g volts
Logic ™I Logic " @
(True} (False)

Note that when the rear end of the switch is up, the switch
produces a +5 Vvolt (logic "1" or "true®") signal. When the rear
end is down, the switch signal is @ vVvolts (logic "g" or

14



"false"). These signals appear at terminals G9 through G16 for
switch block A (the left set) and G4¢ through G47 for switch
block B. (See Table 1 in SECTION I.)

PROCEDURE
Be certain that the power supply to the CaA-24 board is
turned off. Connect SW1A to LED@ as shown schematically below.

+85v ' +5v

229 1

SWIA

777

This 1s done by inserting one end of the jumper wire into the
terminal hole on the LED@ housing and the other end into one of
the four G9 terminal holes. This connection is pictured in Fig.
7. Now turn on the power supply.

Move the far left switch in switch bleock A (SW1lA) back and
forth. Note that LED# turns on and off depending on the
position ¢of the switch. Now move the jumper wire from G9 to
Gl#. Note that now SW2A controls LED@. Try various combinations
of switches and LED's to be certain you understand how the
switches can be used.

In future experiments we will use switches instead of
changing jumper wires to change an input signal. This method
will be more convenient and it will allow us to tell at a glance
which signals are logic "¢g" and which are logic "1".

In some circuits, the resistance between the power supply
and the switch terminal is important. For those circuits, we

must take the internal 4.7 kfl resistance inté account. We
shall point out these critical cases as they arise in future
experiments.

15
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EXPERIMENT 3

TITLE
Adjustable Frequency Clock
PURPOSE

The purpose of this experiment is to investigate the adjustable
frequency clock which is a part of the CA-24 board, use it
together with the divide-by-two circuits also on the board, and
measure its maximum and minimum frequencies.

EQUIPMENT

CA-24 board with power supply

Six short jumper wires

Four medium jumper wires (about 4 inches)
Seven long jumper wires (about 8 inches)
Screwdriver (narrow tip)

Oscilloscope (optional)

DISCUSSION

An adjustable square wave oscillator, or clock, producing a
series of 9 V to 5 Vv transitions, is a useful feature of the CA-
24 board. This oscillator, together with a group of sixteen
divide-by-two circuits provides a wide range of possible signal
frequencies. Since the frequency range of the square wave
oscillator is adjustable from 25 kHz to 7¢ kHz and since sixteen
divide-by-two circuits will produce an overall division of
65536, the full range of available freguencies is from 79 kHz to’
about @.4 Hz. The duty cycle (the fraction of the total time
spent at the 5 Vv level) is approximately 50% except for the
highest frequencies directly from the clock which are somewhat
greater than 5g8%.

The basic clock signal is produced by an IC chip type 555,
The chip is located on the left side of the CA-24 board. It is
marked U4A in Fig. 8. The wiring details for this chip are
shown in Fig. 3b, slightly right of center. - The adjustable
resistor Rll varies the frequency of the output signal which is
available at terminal A3 (on the strip farthest to the back).

The divide-by-two circuits are in the IC~74393 chips, one
on each side of the CA-24 board, toward the rear, labeled U3A
and U3B in Fig. 8. Each 74393 chip contains two
divide-by-sixteen circuits, each of which is four divide-by-two
circuits chained together with outputs after each division. The
wiring details in Fig. 3b show how these circuits are strung
together. As seen in Table 1 of SECTION 1, the input to the
divide sequence is terminal A4 and the outputs after each
division are A5 through A7, G3 through G7 (but note the reverse
order, G7 through G4, for increasing division), A48 through AsS1,
and a decreasing number sequence of G51 through G48. In
addition to the terminal G48, G26 is the location of the 1lowest

17
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frequency output. Note that on the circuit diagram (Fig. 3b)
and on the terminal connection list (Table 1) the labels for the
output terminals of the divide chain are CLK1l through CLK1l6. To
determine division factor at each output, use the 1label number
as a power of two. For example, terminal A7 is 1labeled CLK3.
Two raised to the third power is eight. A square wave connected
to A4, then, will be reduced in frequency by a factor of eight
at A7. Since two raised to the sixteenth power 1is 65536, the
frequency of the signal at G48 or G26 is equal to the frequency
of the signal at A4 divided by 65536.

PROCEDURE

Be certain that the power supply to the CA-24 board Iis
turned off. Use a short jumper wire to connect A3 to A4. Next,
connect the outputs of the divide chain to the LED indicators.
While any sufficiently long jumper wires can be used to do this,
one possibility is to use three long wires to connect A5 to
LED#, A6 to LED1 and A7 to LED2. Then one short wire will reach
from G3 to LED3 while four medium length wires can be used for
G7 to LED4, G6 to LED5, G5 to LED6, and G4 to LED7. Now four
long wires are needed to connect A48 through A51 to LED8 through
LEDl1l. Finally, the last four LED's can be connected to G51
through G48 with short jumper wires. A schematic representation
of these connections is shown below.

|
I ‘ | cout
|
I
|

+Sv

2290

+2

|

: I ~
[ . l - »
| . 1 :

. I [ -
! * . . +8vV
| . ! . .

. | ™ »
[ . : P, . 2290
I [ CLKI§ LED IS ‘
|
|

LDiV“"W'Two Circuits |
_______ d
A picture of these connections is given in Fig. 8.

When you are certain that you have made all of the
connections correctly, turn on the power supply. The far right
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LED (LED15) should be turning on and off at the slowest rate
while LED14 should be blinking twice as fast, etc. Most of the
LEDs will flash too rapidly to detect,

If an oscilloscope is available, use it to observe the
output voltage at either terminal A3 or Ad. (See Fig. 8 for
oscilloscope connections. Be certain to connect the ground of
the oscilloscope to one of the GND terminals on the CA-24
board.) The oscilloscope trace should have the appearance
something 1like the idealized diagram shown below. Note,
however, that the actual oscilloscope trace probably will have
an overshoot spike at the beginning of each high and low 1level.
These overshoot spikes are not detrimental to the function of
the clock circuit.

+5Vv

gv

Use a screwdriver to turn the frequency adjust
pPotentiometer, Rll. Observe the change 1in the oscilloscope
pattern. Each pulse width should be within the range of 7
microseconds (highest <£frequency) to 2§ microseconds (lowest
frequency). .

After noting the width of each pulse for a particular
setting of R11, connect the oscilleoscope to terminal A5, then to
A6. The change in trace should be as shown below where each
Pulse width is twice the previcus one,

S 11 O 1 S

CiN
hh +2 B —— *2 p———) st senre
A4 AS A6 '

Divide~by-twe Circuits

If an oscilloscope 1is not available (or after the
oscilloscope has been used), the frequency of the clock can be
measured by determining the rate at which the £far right LED
blinks on and off. For example, if that LED (LED15 connected to
CLK16) blinks on and off at a rate of 1¢ blinks in 14.3 seconds
(a frequency of $.7@¢ Hz), then the divide-by-two raised to the
sixteenth power or 65536 rate is @.7¢0 Hz. The original
oscillation frequency is 65536 times higher, or about 46¢4¢ Hz.
Alternatively, multiplying by 65.536 will give the original
frequency in kilohertz. By using this method, the maximum and
minimum ¢lock frequencies can be measured., Fill in the table
below, to confirm the frequency range over which the c¢lock ..
oscillates,



—

The value for the maximum frequency of the clock will be
used in Experiment 12. Furthermore, you may at some later date
need the maximum or minimum value as you use the CA-24 board in
your own work. Consequently, we recommend that you make a
careful measurement and record the values.

Clock Adjust Resistor Time for LED1S Blink Frequency Clock Frequency
(R11) Position to Blink Iff times of LEDI1S
(T) (F(15)=1#/T) (F{CLK)=F{15)*
65, 534
Fully Clockwige . Hez . kHz
. Fully Counter-Clockwise [] He kHz

Note that upon disconnecting the CIN signal (wire removed
from A4), the LED display stops changing and maintains the
pattern it had at the instant that the wire was disconnected.
When the wire is again connected to A4, the change in pattern
resumes without a reset of the LED conditions. If it is desired
to reset the LED's, turn off the power supply then turn it back
on, Under most applications, continuous signal rates are
needed, and the unavailability of a reset signal is not a
problem. .

This experiment used all 16 divide-by-two circuits
connected, in numerical sequence, to the 16 LED's. The layout
on the board for doing this is a bit messy. Since, as you
observed, most of the LED's blinked too rapidly to count,
connection to only the last two or three would have fulfilled
the purpose of the experiment. (You probably were aware of this
fact as you made the connections.) However, connections to all
lights were suggested to emphasize the fact that the glowing of
an indicator does not necessarily tell the whole story. What
appears to be an "on" condition may be a rapidly varying
"on-cff" condition.

21



EXPERIMENT 4

TITLE
AND Gate
PURPOSE

The purpose of this experiment is to investigate the function of
the AND gate which is used in digital circuits.

EQUIPMENT

CA-24 board with power supply
Five short jumper wires

Two medium jumper wires

One 7408 IC chip

DISCUSSION

Logic circuits are the basis for computer operation.
Understanding their functions permits the user of an
interfaceable computer to perform time critical computer
operations in hardware. Since you are now a CA-24 board user,
you probably will wish to use a variety of logic circuits, such
as the AND gate, the NAND gate, the OR gate, etc. If you are an
accomplished user of these logic circuits and their
combinations, you may wish to proceed directly to SECTION 1III
where the experiments involving a computer begin.

Perhaps the simplest and certainly a very common logic
circuit is the AND gate. The schematic representation is shown

B_

The input signals to the AND gate would be on the wires
represented by the two lines on the left and the output signal
would be on the wire represented by the line on the right.

As has been mentioned earlier, a 5 v signal 1is called a
"true" or logic "1" level., A @ V signal is called a “false" or
logic "g" level. The convention of referring to the more
positive voltage level of the two possible levels as "true", is
called the "positive" logic convention. We will work only with
the "positive" logic convention.

The AND gate functions to produce a logic "1™ at the output
only when both inputs (input A AND input B) are at logic "1",
If either input or both inputs are at logic "g", the output is
at logic "p~.

There is a standard notation associated with the binary
system of logic (or Booclean algebra as it is called in honor of

22



George Boole, a nineteenth century Englishman) of which the AND
gate is our first example. Some of the texts listed in Appendix
3 include detailed discussions of Boolean algegra. The AND
operation is symbolized by a dot between the symbols for . the
input signals. Consequently, the function of the AND gate <can
be written as:

output = A+B

Sometimes the dot 1is left out in which case the notation
becomes:

output = AB

Additional notation will be introduced in the following
experiments.

There are four AND gates in the 7448 IC chip which is shown
schematically below.

vv—fl (4 [ [ B [l [

NERESN

appears nearest pin i

on the 1C body R - |IC—74¢8: Top View

D_I 1C-74¢8
B o

[=
[T & B T B B EF—ee

Reference to the diagram will allow determination of input and
output pins for the various gates. Pin-one is marked on IC chips
in one of two ways. On some chips a small dot is placed at one
end, off center and near pin one. 1If used, this is the clearest
manner of marking pin one. A notch at one end of the chip (on
the center line of the chip) is often used to indicate the end
containing pin one (and also the highest numbered pin), see - the
drawing above. Pinally, some manufacturers use both a dot and a
notch to mark.pin one. Plastic chips may have one or two
circular mold marks on the centerline of the chip. Do not
confuse these with the "pin one"” marks described above.

PROCEDURE

Many of the experiments in this manual require that vyou
insert IC chips on the CA-24 board. The following instructions
describe how to remove IC chips from the board without damaging
their pins.

CAUTION - Use extreme care in removing any
IC chip from a terminal strip. It is a very
common experience to have one end or side of
the chip suddenly come free as the chip is —
being removed. The result is that the pins
remaining in the holes are badly bent and
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may be broken off, A good technique is
loosen the chip slightly then insert a small
screwdriver or narrow knife blade under the
chip and slowly pry up first one end and
then the other without ever tilting the chip
very much. BE SURE THE POWER IS OFF WHEN
YOU DO THIS.

Be certain that the power supply to the CA-24 board is
turned off. 1Insert a 7448 IC chip into terminal strip F so that
it spans the center groove, is left of center, and has pin 1 to
the left (see Fig. 9). The chip can be placed anywhere on the
board as long as it spans a center groove of strip B, D, or F.
We have chosen the location shown in Fig. 9 because it is close,
but not too close, to the LED's which will be used for display
of logic levels. Use the two medium length Jjumper wires to
connect pin 14 to terminal Gl1 and pin 7 to G2. These
connections are the 5 Vv and GND power connections. Next, use
four short jumper wires to connect SW1A (terminal G9) and SW2a
(terminal Gl4) to LED# and LED1 respectively, and to the input
of the AND gate associated with pins 1 and 2 of the 7408 chip.
The connections are shown on the schematic diagram in Fig. 14,
and on the drawing in Fig. 9. Finally use a short jumper wire
to connect the output of the AND gate to LED2 as shown in Fig.
9. You will note that on the schematic diagram, a connection is
represented by a dot as shown below.

oR l Connection ot
. the intersection

If there is to be no connection when lines cross, then the dot

is omitted.
No COnﬁocﬂbn at
| the intersection

When you are certain that all connections have been made
correctly, turn on the power supply. Set switches 1A and 22 to
various combinations and observe the three LED's. Remember that
when LED@ is on, one gate input signal (from SW1lA) 1is 5 Vv or
logic "1" while LED# off means that the input is 8 Vv or logic
"@". sSimilar statements hold for LED1 and SW2A. When LED2 is
on, the gate output is 5 Vv or logic "1 while LED2 off means
that the gate output is § v or logic "g".

The combination of input and output signals can be arranged
in an organized fashion called a truth table. Such a table is
shown below with the two input columns filled in. Position SWlA
and SW2A so that LED@ and LEDl1 correspond to the condition shown
on each line, then £ill in the last column. For example, set
SW1A and SW2A so that both LEDZ and LED]1 are off (logic "g").
Note the condition of LED2 and write ¢ or 1 in the third column
depending on whether LED2 is off or on.
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SW 1A SW2A OUTPUT
(LED @ condition) | (LED1 condition) | (LED 2 condition)

N 2

1 g

] 1

1 1

The output of the AND gate should be logic "1" only when both
inputs are at logic "1". That is, LED2 should be on only when
both LED# and LED1l are on. If either or both of the input
indicators are off, LED2 should be off. In terms of the "true"
and "false" designations, the output is "true" only when both
inputs are "true®". 1If either input is "false", the output is
"false",

Another way of describing the gate function is in terms of
signal transmission through the gate. 1If SW1A is kept in its
logic "1" position, then the AND gate output display reports the
status of SW2A, If SW1A is kept in its logic "g" position, the
output display is off regardless of the position of Sw2A.
Consequently, it can be said that SW1A enables the gate,
Permitting the status of SW2A to be transmitted through the
gate.
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EXPERIMENT 5

TITLE
NAND Gate and Inverter
PURPQSE

The purpose of this experiment is to investigate the function of
the logic circuit NAND gate and to use it as an inverting
element.

EQUIPMENT

CA-24 board with power supply
Five short jumper wires

Two medium jumper wires

One 7460 IC chip

DISCUSSION

The NAND (NOT AND) gate combines an AND gate and an
inversion of the output signal. The schematic representation of
the NAND gate is shown below,.

Input :_D—— Output

Note that the only difference between the AND gate symbel and
the NAND gate symbol is the circle at the output of the NAND
gate which represents inversion. For the NAND gate, therefore,
when both inputs are at logic "1", the output is at 1logic "g"
rather than at logic "1" which would be the case for an AND
gate. Any other condition produces a logic "™1" at the output.

A NAND gate can be used to change a 5 V or logic "1" signal
into a # v or logic "g" signal or vice versa., This is done by
connecting together the two inputs so that the same signal
appears at both of them. Schematically, a NAND gate used as an
inverting element looks like that shown below.

Input- —-c—_)-— Qutput

There is a general symbol for an inverting element which differs
from the symbol for an identity element (see page 18) in the
same way that the NAND gate symbol differs from the AND gate
symbol; a circle is added to the output end. Any circuit which
inverts, then, can be represented as shown below.

Input + Qutput
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The standard notation which we began to develop in
Experiment 4 uses a bar over a symbol or group of symbols to ~~—
represent inversion. The simple inversion, then, 1is expressed
as

output = input
while the NAND gate function would be written as follows:
output = A-B

There are four NAND gates in the 74@¢ 1IC chip which is
shown schematically below.

w—fdl [ & [ B [ [

SN

] 1C-7400Q Top View

IC- 7400

[ T =

Reference to the diagram will allow determination of input ~

and output pins for the various gates.
PROCEDURE

Be certain that the power supply to the CA-24 board is
turned off., If the circuit of Experiment 4 is still hooked up
on the board, simply replace the 7498 chip with a 74088 chip.

CAUTION - Use extreme care in removing the

chip. As explained in Experiment 4, it is

very easy to damage the pins as the chip is

being removed., Use the procedure suggested

in the CAUTION note found in that

experiment. '
The wiring will then be that shown schematically in Fig. 11. 1If
the wiring of Experiment 4 has been changed, replace the jumper
wires as described in that experiment and shown in Fig. 12.

When you are certain that all connections have been made
correctly, turn on the power supply. Set switches 1A and 2A to
various combinations and observe the three LED's. Remembering
the convention of LED on being a 5 Vv signal or logic "1" and the
LED off being a ¢ V signal or logic "g", £1ill in the truth table
at the top of page 32. ~
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SW 1A SW2A OUTPUT
(LED # condition) | (LED1 condition) [(LED 2 condition)
I
1 )
g 1
1 1

The output of the NAND gate should be logic "g" only when
both inputs are logic "1".

If you wish to observe the NAND gate functioning as an
inverter, first turn off the power supply then remove the jumper
wire connecting Gl# to LEDl. Next, for the wire connecting pin
2 to Gld, shift the end which is in a Gl¢ terminal hole to pin 1
of the 74¢¢. The circuit will then be as shown schematically in
Fig. 13 and pictorially in Fig. 14. Now turn on the power
supply. Note that as SW1A is moved back and forth, LEDZ@ and
LED2 will always be in the display conditions opposite to one
another.

Returning the circuit to the NAND gate form will facilitate
wiring changes for Experiment 6.
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TITLE

EXPERIMENT 6

NOR Gate and Inverter

PURPOSE

The purpose of this experiment is to investigate the function of
the logic circuit NOR gate and to use it as an inverting
element.

EQUIPMENT

DISCU

CA-24 board with power supply
Five short jumper wires

Two medium jumper wires

One 7482 IC chip

SSION

The NOR {NOT OR) gate combines an OR gate (which will be
investigated in Experiment 7) and an inversion of the output
signal. Since NOR gate IC chips are significantly less
expensive than OR gate chips and since OR gates can easily be
made from NOR gates, we will work with only the NOR gate chip.
The schematic representation of the NOR gate is shown below.

. Il'lml‘l ; % °ufpu'

The function of the NOR gate is to produce a logic "g" (inverted
logic "1") when either one of the inputs is logic ™1". The
"either/or" function is not, however, exclusive of the "both"
condition for the inputs. That is, the output of the gate |is
also logic "g" when both inputs are high. The only condition
which produces a logic "1" at the output is that of both inputs
at logic ™g".

The standard notation representing a NOR gate function is a
combination of the OR operation and an inversion. The + symbol
represents the QR operation. Consequently, the NOR gate
function is written as follows:

output = A + B
A NOR gate can be used as an inverting element by
connecting together the two inputs so that the same signal must

always appear at both of them. The schematic diagram for using
the NOR gate as an inverter is shown below.

Il'lpuf ) % ouipu'
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There are four NOR gates in the 74¢2 IC chip which is shown

in the diagram below.
toveefu]l [ [e] [v] [ T[] [6]

HCF_.
- - [1C-7402 |
Y 5 O Y O 4

Reference to the diagram will allow determination
input and output pins for the various gates.

of the

PROCEDURE

Be certain that the power supply to the CA-24 board is
turned off. 1If the circuit for Experiment 5 is still on the CA-
24 board, remove the 74¢¢ chip and replace it with the 74¢2
chip. Next, shift jumper wires until the circuit has been
connected as shown schematically in Fig. 15 and pictorially in
Fig. 16. Note that if the circuit in Experiment 5 was left in
the NAND gate form, only two changes are needed. The jumper
wire which connected G9 to pin 1 should now connect G9 to pin 3
and the jumper which connected LED2 to pin 3 should now connect
LED2 to pin 1.

When you are certain that all connections have been made
correctly, turn on the power supply. Set switches 1A and 2A to
various combinations and observe the three LED's. Fill in the
truth table below.

SW 1A SW2ZA QUTPUT
({LED # condition) | (LED1 condition) |(LED 2 condition)

g ? '

1 g

g 1

1 1

The output of the NOR gate should be logic ™"1"

both inputs are logic "g",

only when

If you wish to observe the NOR gate functioning as an
inverter, simply remove the jumper wire connecting G14 to LEDl.
Then for the wire connecting pin 2 to Gl1#, shift the end which
is in a Gl¢ terminal hole to pin 3 of the 7442. The circuit
will then be as shown schematically in Fig. 17 and pictorially
in Fig. 18. Note that as SW1A is moved back and forth, LED# and
LED2 will always be in the display conditions opposite to one
another,

Returning the circuit to the NOR gate form will facilitate
wiring changes for Experiment 7.

36



: O
F: .d+5v

[] BT ¢ RS

g vov .
| | | <]
I l T
1 — i
(1)
| SWIA :
| 777 |
i +3v|
I |
| |
| - |
| ;al
{ ] - sw2a |
777 | l
1 ) l
| R

input Signals

Displays

Figure 15

Schematic¢ for NOR Gate Circuit

37



Rear

Model 575 Rew

0 moEeEe B [

}u
3

(L]

guono woooo | Jooges soses
secea[1a38ag | 88 | aeocal] sascg
goecs| |2ezss | BH | BaRoR) | s2ass
il B e
m ﬂnm dmmﬂﬂ UHMB u“ﬂ!ﬂ
a2sas| Jnesas | B8 | ReRCRL)RRES
T
B e
Bl {1 e
o ladmae | - | dee| | ehees
adllin 88 | Gaces) | ases
oyl oR
s |[bact |on | 2o
{52 | 2o
pengo | |ooang | 81 | aduss
|
L

fahag) (Eecdt 1o

ases | 32020 c22E2] o
sooe | 2000e | |S8558
ages f cougs | B2 | BA
Bogy | aagoa |aBaEH | 88
Do oo aopoa | o9
8558 <) 2acgs| [2hde | °°
pono [ 9oppda | |onaoa um
880 | Begen|jonnt | 28
88sal sga8e doad | o
ooog | Doooo —aonoo Mm
Bosd | Besty | |osnns | a2
oooo apon a0
gaas | BEssA | |B8eds | up
A
Bas | EgEaa | |acasd | 88
gega8 Ligsass | 55
e R D]
aooa poood | [BDodn
geas | 2858 | |Gauas | Ae
ataf ponet | [Bo83d | gy
geaa® Saags | |gpacs | B
gieR side msmw BE
9540 oagn 3 ag
i _,.mmmm -
app owoon Hﬂ o
Bi8A ) BAEAD| |E5ads | =2
ge8a | upts | |aeass | o
Bben »| 28838 | [40aeE | o
2885 | 8o8As ||83508 | B3
S8S-1BEEEY oeene

Al P

i
E .

-
—{ -
o+
-}

ALL Unmarked Copacitors are .1uf Bypass Copgcitors

Front

. Figure 16
Switch and LED Connections to a NOR Gate

38



O +5V

=TT T T 771

+3¥

|

|

" L

|

SWIA |

777 |

Lo e e a2 J
input Signa!

Schematic for a NOR Gate Used as an Inverter

Displays

Figure 17

38

&



" Rear

Model 575 Rew

860
068
L
B

B

]

!
C'HD;

=]
:

< @a
a9o00ageesasensssansadaagas aocossessassasseaRRegyse
) | Heiisesmoingeeesenassy | BASRECScasaspeRccemssaat | M)
GoaoonoRtasoDenon a0t onausaganonnoaoooan 0fioond égonanosuabaoonan fr—————
393 ) | ———— U w— % 393
ngnunnuunmumnmEgungunuunuun.ﬂuuguanaundugnuncgndn ﬂﬂﬂﬂﬂggﬂﬂﬂgg ——
NI L
g T R 1-u---
e e P T R
| e—— ] sv—
ST R e e )
R e
G | e e 383 5880 Oe e nm MM MR SR S8 | g
e
- a = anotopoAngguononnaoan
27 |8 T e R e P ) L
388 I e ||
L R 1 oonoa qagggo egaogogogooa
, .

-ax— RO
- RO "
- RO
- RO o
- kO ¢
{7 O«
~{Ei— On
- QOpo
(- Qo
-~ B0 |
-

~Exr— §
-

-

-~

-

-

-

-

-

~Fan—

—{EEE)—

i i

~(Eas—

ALL Unmarked Copacitors are .Juf Bypass Copaciors

[

Switch and LED Connections to a NOR Gate Inveb‘tér

Front

Figure 18

40

y

R



EXPERIMENT 7

TITLE
OR Gate from NOR Gates
PURPOSE

The purpose of this experiment is to construct an OR gate using
two NOR gates and to investigate its function.

EQUIPMENT

CA-24 board with power supply
Seven short jumper wires

Two medium jumper wires

One 7482 IC chip

DISCUSSION

The function of an OR gate is to produce a logic "1™ signal
at the output when either of the two inputs (or both) 1is at
logic "1". The symbol for an OR gate is shown below.

Input " :D— Output

In terms of the standard notation of Boolean algebra, the OR
gate function is written as follows:

eutput = A + B

Since NOR gates are easier to manufacture than are the OR
gates, it is common practice to construct OR gates from NOR
gates., This is done simply by sending the output of the NOR
gate through an inverter. The combination is shown
schematically in the following diagram. The output from the NOR
gate is the inverse of A + B, When the output of the NOR gate
is sent through an inverter, the result is A + B (that is the
inverse of the inverse of A + B is just A + B itself).

Input : MD— Quiput

PROCEDURE

Be certain that the power supply to the CA-24 board is
turned off. - If the NOR gate circuit of Experiment 6 is still on
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the board, shift the wires which currently connect terminals G9
and G109 to pins 2 and 3, so that they now connect G9 and Gl8 to
pPins 5 and 6. Next, use two additional jumper wires to connect
together pins 2, 3, and 4. The circuit should then be as shown
in the schematic diagram of Fig. 19 and the drawing of Fig. 24.

When you are certain that all connections have been made
correctly, turn on the power supply. Set switches 1 and 2 to
various combinations and observe the three LED's. Fill in the
truth table below.

SW 1A SW2A OUTPUT
(LED # condition) | (LED1 condition) [(LED 2 condition)

g [

1 - ]

d 1

1 1

The output of the OR gate should be 1logic "g" only when
both inputs are logic "g".
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EXPERIMENT 8

TITLE
Exclusive OR Gate from AND, NAND, and NOR Gates
PURPOSE

The purpose of this experiment is to construct an exclusive
gate using the three gates which were studied in Experiments
5, and 6 and to investigate its functions.

EQUIPMENT

CA-24 board with power supply
Eight short jumper wires
Eleven medium jumper wires
One 74008 IC chip (NAND gates)
One 7482 IC chip (NOR gates)
One 74¢8 IC chip (AND gates)

DISCUSSION

CR
4,

The function of an exclusive OR gate is to produce a logic

"1" signal at the output when either of the two inputs is
logic "1", but not when both are at 1logic "1*. For

at
the

exclusive OR gate, then, both inputs at logic "g" or at 1logic

"1" will produce an output of logic "g".

The symbol for the exclusive OR gate is shown below.

- 1nput :ﬁ—— Quiput

In the standard notation of Boolean algebra, the exclusive
operation is represented by the symbol @. The function of
exclusive OR gate, then, would be written as follows:

output = A @ B

OR
the

It is possible to purchase an IC chip which has exclusive
OR gates in it (the 7486). However, if AND, NAND, and NOR gates

are already being used, it is frequently advantageous
construct the exclusive OR from the others. The diagram
doing this is shown below.

— =
A+B A+BzA+8
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Note that the Boolean algebra notation has been included to show
how equations could be used instead of diagrams to represent the
¢ircuit functions. s

PROCEDURE

Be certain that the power supply to the CA-24 board is
turned off, Remove any chips and wires left on the board from
Previous work and then position the three IC chips as shown in
Fig. 21. Make all the necessary connections using the short and
medium jumper wires where appropriate. TIt: probably will be
helpful to refer to the schematic diagram in Fig. 22 as well as
the pictorial representation while inserting the jumper wires.
Note that strip E is being used as a power distribution strip.
This procedure helps to keep the board organized.

When you are certain that all connections have been made
correctly, turn on the power supply. Set switches 1A and 2A to
various combinations and observe the three LED's. Fill in the
truth table below.

SW 1A SWZ2A OUTPUT
(LED # condition) | (LED 1 condition) |(LED 2 condition}

'] [

1 ]

g 1

1 1

—

The output (LED2) of this exclusive OR gate should be logic
"@" (off) when both inputs (LED's ¢ and 1) are at logic "g"
(off) or at logic "1" (on). The output should be at logic "1"
when either input is at logic "1v,
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TITLE

PURPO

EQUIP

DISCuU

EXPERIMENT 9

The R-S Flip-Flop (RSFF)
SE

The purpose of this experiment is to become familiar with the
basic digital flip-flop circuit and to construct and test an R-S
(Reset-Set) flip-flop with an enable-disable input.

MENT

CA-24 board with power supply
Eleven short jumper wires
Five medium jumper wires

One 74p¢ IC chip

SSION

The flip-flop circuit is one for which the output has two
stable conditions which can be changed from one to the other by
a proper combination of signals at the input. A simple
flip-flop is the R-S flip-flop. The."black box" representation
of this device is shown below together with its truth table.

S -0 S R Q| Q
g [} No Change |

RSFF 1 g 1 g

_ 8 1 g 1

R =®) 1 1 |Indefinite

It is common practice to label the two output signals @ and °
where Q always has the opposite value from Q. This flip-flop is
not used with the condition of both R and S being at logic "1".

The flip-flop circuit in this experiment can be compared to
a fluorescent desk 1lamp (Q) controlled by two push button
switches (R and 8). Push button S (the set switch) is wused to
turn the lamp on. Once the 1lamp is on, pressing S has no
further effect until the lamp is turned off again. Push button
R (the reset switch) is used to turn the lamp off. Once the
lamp is off, pressing R has no further effect until the lamp is
turned on again. Pressing both buttons simultaneously vyields
indefinite results. As you read through the following
discussion, it may help to identify the terminology low and

- logic "g" with "off" and high and logic "1™ with "on".,

The terms set and reset come from the condition that, £from
the starting condition of both inputs at logic "g", the set
signal going high will set Q to logic "1" and the reset signal
going high will reset Q to logic "g". With R low, then, S going
high will produce at Q a high which will stay there when S is
made low again. This is one of the two stable conditions. As
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long as R is low, changing S back and forth between high and low
will not alter the logic ™1" at Q. (The "No Change" notation in
the truth table means Q stays high when S is made low.) When §
is low, however, changing R to high will change Q@ to 1low, the
second stable condition. As long as S remains low, changing R
will not alter the logic "g" at Q. (The "No Change" notation
means also that Q stays low when R is made low.)

g

Because the flip-flop has the capability of holding a
signal at its output while certain changes are occuring at its
input, the flip-flop is sometimes referred to as a latch. The
latching feature is enhanced if an additional signal can enable
or disable the entire flip-flop. The general diagram for a flip-
flop with this capability is shown below.

S - ()
C=
R )

If the signal at C (for control or clock) is low (legic "g%),
the circuit will be disabled, holding whatever condition is at
Q. If the signal at ¢ is high (logic ™1"), the circuit will
function normally. Furthermore, the signal at C can be used to
change the condition at Q. If the flip-flop has been reset -
(level at Q is logic "g") and the signal at C has been put at
logic "@g", then a high input at S will have no effect. However,
if the signal on C is raised to +5 Vv while the logic "1" is on _-
S5, the signal at Q will become logic "1". In this function
mode, the flip-flop can be used to transfer a logic "1" signal
from S to Q and then hold it at gq.

The two £flip-flop circuits described above can be
constructed from NAND gates. The circuit diagrams are shown in
Figs. 23a and 23b. (Pin numbers for the 7444 IC chip and other
CA-24 board designations are also shown there as this figure
will be referenced again in the PROCEDURE portion of this
experiment.) If you wish to trace the logic level conditions in
order to understand why the circuit behaves as it does, it will
probably be helpful to begin with a logic "1" at s, a logic "g"
at R, and a logic "1" at Q. Q, of course, will be 1low because
the NAND gate for which it is the output has both inputs high.
Convince yourself that no <change at Q@ will occur if s is
switched low, then with S low, trace through what will happen
when R is raised.

PROCEDURE

Be certain that the power supply to the CA-24 board is off.
Remove any chips and wires left on the board from previous work
and then position a 746@ IC chip as shown in Fig. 24. Make all
the necessary connections using the short and medium jumper
wires where appropriate. It probably will be helpful to refer
to the schematic diagram in Fig. 23a as well as the pictorial
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Schematic for an R-S Flip-Flop Made From NAND Gates
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Figure 23b
Schematlc for an R-S Flip-Flop with Clock Input
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Figure 24
Switch, LED, and other Connections for an R-S Fl:l.p-Flop
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representation while inserting the jumper wires. Note that
power connections do not show on the schematic diagram. Be
certain that you have Gl connected to pin 14 and G2 connected to
pin 7.

When you are certain that all connections have been made
correctly, set switches 1A and 3A to the 1logic "g" position
(number end down) and turn on the power supply. Move switch 1A
back and forth while noting the condition of LEDé and LED7.
With switch 1A in the logic "¢" position, move switch 3A back
and forth while noting LEDé and LED7. Now go back to changing
SW1A (with SW3A left at logic "g"). Finally, remembering that
SW1A corresponds to S, SW3A corresponds to R, LED7 corresponds
to Q and LED6é corresponds to Q, verify the truth table on page
49. (It will not harm the circuit to have both inputs at logic
*1". This condition, however, has no meaning in the functioning
of the flip-flop.)

The next step is to add the control or clock feature, As
can be seen from figures 23b and 25, this is quite simple to do.
First, turn off the power supply and remove the wires connecting
pin 12 to 13 and 1 to 2. Then use one of the wires to connect
Pin 13 to pin 1 and the other wire to connect the combination to
terminal Gl@#. Finally, use an additional jumper wire to connect
G192 to LEDl. The result should be as shown schematically in
Fig. 23b and pictorially in Fig. 25. '

When the change has been made correctly, turn on the power
supply. Use the following procedure to verify the enable and
disable function of the signal at C. After setting switch 2A to
its low condition, change the levels produced by SW1A AND SW3A
and note that the signals at Q and Q do not change. (The
flip-flop is disabled.) Set switch 2A to its high condition and
note that now the flip-flop functions normally. Use the signal
at C as a data transfer signal by resetting the flip-flop,
disabling it, setting SW1A to logic "1", then moving SW2A to its
logic "1" position.

The clock on the CA-24 board can be used to produce a
continuous set of alternating enable-disable signals. Turn off£
the power supply, then remove the Jjumper wires which are
connecting pin 1 to G1¢ and Gl# to LEDl. Use ocne of these to
connect A3 to A4 (the clock output to the divide <chain). Use
the other to connect pin 1 directly to LEDI. The last
connection needs a short wire to connect pin 1 to G26 (the end
of the divide chain). The circuit should look like that shown
in Fig. 26.

When the changes have been made, turn on the power supply.
LED]1 should be blinking on and off. Use a screwdriver to adjust
the clock frequency until the slowest blink rate is achieved.

Move switches 1A and 3A back and forth at various times
during the clock cycle and observe the function of the signal at
C. Note that with the flip-flop reset, a logic "1" placed at
the S input (LED@ on) when C is low (LEDl off) will not appear
at Q@ (LED7) until C goes high. However, with the flip-flop
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reset, a logic "1" placed at S when C is high will immediately
transfer to Q. This uncertainty as to whether the data will
transfer immediately or at the beginning of the next clock cycle
can be a problem. More sophisticated latch circuits remove this
uncertainty. Such a latch circuit will be investigated in
Experiment 1].
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EXPERIMENT 19

TITLE
The D Flip-Plop (74175)
PURPOSE

The purpose of this experiment is to investigate the function of
a D (delay) flip-flop using a flip-flop on the 74175 IC chip as
an example,

EQUIPMENT

CA-24 board with power supply
Six short jumper wires

Five medium jumper wires

One 74175 IC chip

DISCUSSION

In Experiment 9 it was shown how a flip-flop circuit can
transfer a logic level from an input line to an output line and
hold (or latch) it there. It was noted that for the relatively
simple flip-flop being studied, the 1logic "1" would be
transferred if it appeared at S when the signal at C was high or
else the transfer would wait until the signal C went high. A
review of that experiment will show that it is only the 1logic
"1" at S which can be transferred by the signal at C (unless the
reset signal is changed to logic "1%).

The D (delay) flip-flop (DFF) is a more complex circuit
which will transfer either level of a data 1line when the ¢
signal (from now on called clock signal) goes from low to high
regardless of when in the clock cycle the data signal appears at
the input (from now on referred to as the D input). Note that
the transfer is always delayed until the next rise of the clock
signal.

The general diagram for a flip-flop is shown below.

Pres?t

CLK— DFF

|
Clear
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The normal transfer function occurs when both the preset and
clear signals are high. If the clear signal is set 1low, Q is
low regardless of the conditions at D and CLK. If preset is low
(clear high), then Q is high regardless of the conditions at D
or CLK. The CA-24 board contains four 74175 IC chips, each of
which contains four D flip-flops or latches, In experiments 13
and 14 we shall examine the role these chips play in the 1I/0
process when the CA-24 board is interfaced with the computer.
In this experiment the extra 74175 IC chip provided with this

manual is used to study the operation of a D flip-flop. The
circuits in the 74175 chip are not completely independent but
have a common clock line and a common clear 1line. A further

modification is the elimination of the preset input, which Iis
not needed for many applications. The following diagram shows
which pins of the 74175 correspond to which signals for the
flip-flops. Each set of Q, Q, and D pins corresponds to one of
the latches. )

A E AR RMRG
+5VQ D _

n CLK

Q

D
] 1C-74175

0
o

D

D Q@
T T

[
=]
[« o1

PROCEDURE

Be certain that the power supply to the CA-24 board is off.
Remove any chips and wires left on the board from previous work.
Insert the extra 74175 IC chip provided with this manual as
shown in Fig. 27. The schematic diagram below shows how one of
the latches in the chip is to be connected. Not shown on the
diagram is the connection of terminal A3 to A4 which connects
the ¢lock to the divide chain and, or course, the power
connections to the chip. Note that this c¢hip has 16 pins,
rather than 14 like the chips used in the previous experiments.

LED @ |
SWIA o 1 o of o LED 7
CLK ém] sicx DFF

LED | cr 2fe —oLED 6

SW3AS 1 —o LED 2
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Switch and LED Connections to a D Slip-Flop
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Use the various lengths of jumper wires where appropriate
to make the connections. Fig. 27 shows how the wires should be
positioned.

When you are certain that all connections have been made
correctly, turn on the power supply. LED1 should begin blinking
on and off.

Move switch 3 to its logic ™1" or high position. The
status of this switch will show on ©LED2 which should now be
glowing. Move switch 1 from low to high and from high to low at
various times during the clock cycle and note the behavior of
LED7 (the indicator for Q) and LED6 (the indicator for Q). Your
observation should verify that the data signal (setting of SWI1A)
is transferred to Q only when the clock signal rises (i.e., only
when LED1 turns on).

Set SW1A to its logic "1" condition. Move SW3A to its low
position at any time during the clock cycle. Note that LED7
will turn off immediately. The clear {logic "g") signal will
set Q to logic "g" as soon as it is applied regardless of when
in the clock cycle it arrives. .

Move SW3A back to its high position and watch LED7. If you
have left SW1A in its logic "1™ condition you will observe LED7
turn on the next time the clock signal rises.

The 74175 IC chip is one of two chips on the CA-24 board
used for transfer of information. The other chip is the 8T28,
two of which are located along the back edge of the CA-24 board.
The function of this chip will be investigated in Experiment 11.
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EXPERIMENT 11

TITLE
The 3-State Quad Bus Transceiver (8T28)
PURPOSE

The purpose of this experiment is to examine the function of the
8T28 3-state quad bus transceiver as it is used on the CA-24
board.

EQUIPMENT

CA-24 board with power supply
Five short jumper wires

Five medium jumper wires

One 8T28 IC chip

DISCUSSION

The 8T28 3-state quad bus transceiver is wused in bus
oriented systems to route data from one location to another. A
bus in digital systems is a path over which digital information
is transferred from any of several sources to any of several
destinations. The CA-24 board has two 8T28 chips located along
the rear edge of the board. Each chip can handle four data
lines. The two chips, then, can route data along eight data
lines. As used on the CA-24 board, the two 8T28 chips permit
transfer of data from the computer to an external device or
transfer of data from the device to the computer. The schematic
diagram of the chip together with pin numbers and manufacturer's
labels is shown below.

+5V D/E Rowt Dout D Rout Dout Din

cllcEz T
Vbl Ak
A1 ] 7
L Bl B Lo [ [l

R/E Rout Dout Din Rowt Dot Din GND

In the schematic diagram of Fig. 3a, the 8T28 chips are at
the left. 1t will be noted that the pin 1labels in Fig. 3a
differ from the manufacturer's labels. In the PROCEDURE section
of this experiment where you will set up the circuit as it is
used on the CA-24 board for one data line, we will use the
labeling found in Fig. 3a instead of that shown above.
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On the schematic diagram of the chip, all but two of the
identity elements (described in Experiment 1) are seen to have a
third line associated with them. The symbol is shown below.

I Qutput

Input
I Engbie

As the labels imply, the signal at the input appears at the
output only when an enable signal. (+5 V) is applied to the third
line. If there is a ¢ Vv signal on the enable line, the output
appears as though it were an open circuit and so has no effect
on a line to which it is attached.

It will be noted that the enable 1lines for four of the
identity elements come from pin 1 and the enable lines for the
other four come from pin 15. However, the signal at pin 1 is
inverted before going to the identity elements, whereas the
signal at pin 15 is not inverted. As we will see, this feature
makes it possible for the two pins (1 and 15) to be connected
together so that a signal of @ v at the combination will permit
the 8T28 to receive data from the computer for use on the CA-24
board while a signal of 5 v at the combination will allow the
8T28 to pick up data from the CA-24 board for use in the
computer.

PROCEDURE

Be certain that the power supply to the CA-24 board is
turned off. Remove all wires and circuit components left on the
board from previous work. Insert the extra 8T28 IC chip
provided with this manual as shown in Figs. 28 and 29. Use the
appropriate lengths of jumper wires to make the connections
shown pictorially in Fig. 28 and schematically in Fig. 3pa.

Note that pins 1 and 15 are connected together and receive
the signal from SW1A which will be displayed on LEDg. This
signal will be the enable 1level which will determine the
direction of data transfer. LEDS8 will represent the data line
going to or from the peripheral device.

The circuit of Figs. 28 and 3¢a is set up to show transfer
of data from the computer to a peripheral device which c¢an be
the LED displays on the CA-24 board or some device connected to
the CA-24 board. Set SW1A to its logic "@g" condition, then move
SW8A back and forth. Note that LED8 follows the changes of LED7
showing that the signal on the "computer 1line"™ 1is being
transferred to the "peripheral line" (compare Fig. 3ga).
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