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WHILE MODERN DIGITAL COMPUTERS
use thousands of transistors, diodes
and other components, the number of

circuit types are few. Logic functions
are performed by repeatedly using
certain circuits, in series or parallel
combinations, to perform the required
tasks of counting, sorting and routing
signals, and of modifying binary rep-
resentations as needed.

Since logic circuits are not com-
plex, they are easily assembled. Thus,
if you build your own you not only
learn the over-all circuit function, but
get better acquainted with the func-
tion of individual components and the
logic which applies to their use. With
chips and modules it is almost impos-
sible to acquire a true understanding
of complete circuit makeup and its
various functions.

Switches and gates

Most computer logic circuitry
has switching functions. Signals are
gated and routed to conform to preset
conditions. Since a switch is either
closed or open the two states are re-
lated to 0 and 1 (the binary system).
Steady-state or pulse-type signals can
be used to represent logic O or logic
1. If a positive voltage is selected as
representing logic 1, then the absence
of a voltage, or a negative voltage,
represents logic 0. Similarly, if a nega-
tive voltage represents 1, logic 0 is ei-
ther a positive voltage or no voltage.
In the initial design of a computer,
either a positive or negative signal is
selected to represent logic 1.
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Diodes have the advantage of
forming simple and inexpensive logic
circuitry, though transistors provide
signal gain where needed and can also
alter logic by phase inversion, as
shown later. If you construct the cir-
cuit shown in Fig. 1 you can observe
the function of two basic, and impor-
tant, logic gates. Diodes other than
IN34 types can be used as long as
they have a good front-to-back ratio.
Use a vitvm or a 20,000-ohms-per-volt
meter for output signal observations.

While pulse-type signals would
normally be used for this circuit, its
function can be readily observed with
steady-state signals. The type logic ob-
tained with this circuit depends on
whether we select a negative or a
positive signal to represent 1. Initially,
let’s assume that a positive signal is
logic 1 and a negative signal
(ground) is 0. Set both spdt switches
so inputs A and B to the diodes are at
ground-voltage level. This now repre-
sents 0 input at A and B.

Now throw the A input switch
to the positive-signal input. Note that
a reading is obtained at the output,
representing a 1 output (positive volt-
age). Place the A switch at ground
again and repeat the procedure for
the B switch. Note that an output is
obtained again. Note also that an out-
put is obtained when both switches
engage a positive input.

You have now observed the
function of what is known as an OR
gate (or switch). The logic is: If ei-
ther A or B or both inputs are ap-
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plied, an output is obtained. This or
circuit has a special symbol which is
also shown in Fig. 1.

If we invert the logic 1 represen-
tation, we form an entirely different
logic gate. Assume negative voltages
represent logic 1 and place each spdt
switch to the plus position for an in-
itial logic O input at both A and B.
Thé meter at the output reads a
steady-state positive voltage, now rep-
resentative of logic 0. Since a positive
voltage appears at the input to each
diode, both conduct.

If either the A or B input is
changed for a logic 1 input (switch-
ing from positive- to negative-ground
input), no appreciable voltage change
is felt at the output, because one
diode will still conduct. If, however,
both A and B inputs have a negative
voltage applied (logic 1's) both
diodes stop conducting and the output
voltage drops to the ground (nega-
tive) level, representing a logic 1 out-
put of the circuit.

Thus, for this gate to produce an
output when negative voltages repre-
sent logic 1, both the A and B inputs
must be applied. Hence, this is called
an AND gate or switch. Its special
symbol is also shown in Fig. 1. This
is sometimes also called a coincidence
gate, because simultaneous inputs
must be applied to obtain an output
signal.

For more thorough under-
standing of the or and AND functions

reverse the diodes and the battery po-
tential of Fig. 1. Now if you repeat
the same test procedures you will find
that an oR gate is formed when nega-
tive signals are used for logic 1’s and

IN34*

* OR EQUIVALENT

Fig. 1—OR function is shown when A or |

B or both inputs (switch to -}-) provide
an output. AND function, or coincidence
gate, requires both A and B switches in
negative position for an output signal
(negative voltages for a logic 1).

an AND gate function is obtained for
conditions where positive signals are
logic 1s.

In-depth analysis of factors relat-
ing to switching-circuit logic is done
by using a special math known as
Boolean algebra. In this system the or
and AND functions are indicated by
using a plus sign () for the or
logic and a multiplication sign (°)
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for the AND logic. These signs are
called logical connectives and if the
circuit shown in Fig, 1 is used as an
OR gate, the Boolean expression is:
A+B, where the plus sign is read as
orR (A or B). For the AND function,
we can show it as A'B, or use the
algebraic method for displaying the
multiplication, by placing the vari-
ables close together as AB.

More than two inputs can be
used in the or and AND gates of Fig.
1. If three inputs are used, for in-
stance, the OR expression would be
A-+B+C (assuming our third input
is designated as a C). Other designa-
tions can, of course, be used. If we
have a three-input AND circuit, with
X, Y, Z inputs, the expression that

OR =+—r—>

A
i IN34*

IN34*

B
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* OR EQUIVALENT

2—_Two- level circuit: two-input OR
followed by two-input AN
quires A and B or both, plus th

would be used is X°Y*Z, or XYZ.

Tables and levels

The logic of the or and AND
switches can be
table” form, indicating the output ob-

tained for given inputs:
OR gate
A+B4C | Output

—ORORORFO
_— = = O

These tables show that an output
is obtained for any one or more in-
puts to the or switch, but an output
is obtained from the AND gate only
when all inputs are present.

D. Qutput re-

N e =X
HHOO+RHFOO
...on—-ordOl—-O
—HOO0OO0OO0OOOO0

One logic gating system can fol-

low another to obtain specific func-
tions, as shown in Fig. 2. This circui-
try is a two-level type and could also
consist of an AND circuit feeding an
or circuit. For the one shown we
have a two-input or gate followed by

a two-input AND switch. Thus, since
coincidence must occur at the AND
gate inputs, we must have the C input
and at least one or both of A and B.
In this system we are using positive
voltages for the logic 1’s. Again,
IN34 diodes (or equivalent) are used.

Two-level logic in symbolic form
is shown in Fig. 3. The OR-AND com-
bination which produces an output of
(A+B)C applies to Fig. 2, and a C
input must be present with either A

3:::jllliby—___EgEEE)—-—-tA+31c
E2

(AB)+C

(AB)+(CD)

AN
s 2% ) or>

AND

Fig. 3—OR-AND two-level logic symbol
(top), AND-OR (middle) and the AND-
AND-OR (bottom). Text shows (A4-B)C
truth table.

Fig. 4-a—(right) Emitter-follower circuit
keeps input signal phase and has no
voltage gain. b—NOT circuit inverts
phase.

or B (or both) for an output. The
single AND gate feeding the oR circuit
with an output of (AB)+C is ob-
tained if we reverse the diodes of Fig.
2 and also the battery potential, while
still using positive voltages to repre-
sent logic 1. Now, C alone will pro-
duce an output, or A and B in coinci-
dence, as well as all three inputs at
the same time.

For Fig. 2 the C input could be
replaced by another oR circuit to pro-
duce the logic (A4B)*(C+D),
where at least one input from each or
circuit must be used to produce an
output, With reversed logic we have
the two AND gates feeding an OR cir-
cuit, as also shown in Fig. 3. Now the
logic is (AB)+(CD). Now either A
and B or C and D will give an out-
put.

Truth tables can also be con-
structed for these circuits, showing
the logic which applies. The following
example applies to the (A+B)C sys-
tem:

(A+B)C Output

HI—'I—'I—‘OOOO‘
—_—_OOMHOO
OO O~O
—_-0O~Q~MOOO

This table shows that only three input
combinations produce an output: A
and C, B and C, or all three inpufs.

Transistor logic

Transistors, while more costly
than diodes, provide amplification as
well as additional logic functions not
obtainable with diodes, For the circuit

-“- _ .0l I

INPUT

2N404 5 ‘”‘

INPUT
X

in Fig. 4-a, the output is obtained
from the emitter resistor, hence the
circuit is called an emiiter follower
(and compares to the tube-type cath-
ode follower). If a negative signal
(pulse or dc voltage) is applied to the
base input line, the necessary forward
bias is applied to permit the transistor
to conduct,

Now, electron flow is from the
negative terminal of the battery to the
collector and emitter and down
through the output resistor. Thus, a
negative signal is developed at the
output. While such a circuit has no
voltage gain, there is signal current
amplification. Note that the phase of
the output signal “follows” that of the
input—hence the term “emitter fol-
lower.” The triangular symbol for
amplifier is used as shown.

For the circuit in Fig. 4-b the
output is taken from across the collec-
tor resistor. Electron flow is up
through this resistor, producing a
positive-signal output as shown. When
we have such a phase reversal of the
signal between input and output, the

i
!
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NOT circuit,

A line over a letter indicates the
NoT function, as A for “NoT-A” and
XY for NOT-X OR NOT-Y. A triangular
symbol is used as with the amplifier,
but a small circle denotes the NoT func-
tion. This logic function is useful when
it is mecessary to change a logic 1 to
logic 0 or vice versa in computer

circuitry design.

Diodes can be combined with
transistors as shown in Fig. 5. Two
diodes provide an ORr gate input to an
emitter follower in Fig. 5-a. Addi-
tional diodes could be included to
provide more input lines. Such circuit-
try is known as diode—transistor logic
and sometimes referred to as a DTL

2N404

3V
l'r—_]_

:}—

Fig. 5-a—DTL (diode-transistor logic)
OR circuit. b—NOT-OR (NOR) circuit.

circuit. For the circuit in Fig. 5-b the
output is from the collector and hence
a NoT function is also obtained, Now
we have the logic condition of NOT-
OR, is commonly termed a NOR cir-
cuit. Note the oR-circuit symbol now
pas the small circle denoting the logic
inversion function.

For the circuits in Fig. 5, a re-
verse bias is applied to the base cir-
cuit, thus cutting off transistor conduc-
tion. A negative signal above —1.5V
applied at either (or both) the X and
Y inputs overcomes the reverse bias
and causes conduction. Electron flow
up through the collector resistor (Fig,
3-b) develops a voltage drop across it,
Produ(_:ing a positive-signal output.
The diodes could be replaced with re-

logic which applies relates to the out-
put signal not being in phase with the
input signal. Hence this is known as a

X+Y

-+——0B8

=+—+—o0C

—|ano

[T —— Y
—fuand—

Fig. 6—Symbols for two- and three-in-

put OR, NOR, AND, NAND gates.

Fig. 7—Below is a bistable flip-flo
which produces output only with I?npuI:’Z:
NO. 49

INDICATOR
@ LAMP

logic function, known as a NAND cir-
f:uit. The symbol for the NAND circuit
is shown in Fig, 6, where others are
also shown for comparison.

The flip-flop

The flip-flop circuit performs
many functions in a digital computer.,
A string of flip-flop circuits forms
counters, temporary storage registers,
accumulators (accumulating counts as
basic addition), scalers (a form of
binary division), and switches (pro-
viding “on” and “off” conditions as
needed).

The flip-flop is a bistable device
with one state representing logic 0
and the other logic 1. It is not a free-
running oscillator and produces an
output signal change only when an
input signal is applied.

The flip-flop shown in Fig. 7
uses medium-switching 2N404 transis-

al
2N404
1K
K = -0
(8) I
BINARY = - A,

¥ OR EQUIVALENT (s)
SET

Fig. 8 (below)—Practical way to lay out
circuit above on a small perf board.

OUTPUTS

omeTrR TRl e

sistors for resistor—transistor logic
(rTL) though diodes work better.

As with the diode logic gates dis-

cussed earlier, the AND function can
also be obtained from these circuits.
For Fig. 5-b the result is a NOT-AND

(c)
M COMPLEMENT
. OUTPUT

T’ 10K

(T)
TRIGGER *"5V‘j
X el

3"D" CELLS
o E‘—_w
(R)

RESET Sae T
_3V .J

tors and operates with only three D-
cells as shown. It has an extra transis-
tor to drive the indicator lamp to
show the logic 1 state of the flip-flop.
The circuit can be built on a 4 x 5-
inch panel as shown in Fig. 8. The
output lines should be at the left so
When several flip-flops dre connected
in series they will show binary magni- |
tudes from right to left to conform to
the arithmetic place system.

Note the polarity of the base
diodes. These restrict the signals to
positive voltages for representing logic
1. When the flip-flop is in the logic 0
state, transistor Q2 conducts while Q3
does not. At this time the binary (B)
output line is less negative than the
complement (C) output line, hence it
can be considered positive with re-
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ages applied to the reset line have no
effect. Voltages applied to the trigger
(T) input should successively turn
the flip-flop to the 1 and O states. (It
may be necessary to apply the positive
voltage quickly to imitate a pulse in-
put for proper triggering.)

A down counter is formed by
taking the complement (C) outputs
and feeding them to the T inputs of
successive stages as shown in Fig. 9-b.
If each flip-flop is set to 1, successive
inputs to the first flip-flop will reduce

spect to the other. FF4 FF3 FF2 FFI1 el i o=+ L © : 5T Al e
i - E S =2£8 8 5 “om e 235 ES 0s &
~ When power is first applied to a ¢ s| oar |c o] 0a7 [c 5047 |c S| Ut g 5 2 56228 o e §§_§_§ =g S= 0= e
flip-flop it may assume either the O or T T T T b E X7 o 9 = T8 %G 30=<% °x £ = (S
1 state, depending on which transistor coe O T 2 = Y — g S G 9% o
PENSIIE BR BR BR BR S af . co 48 2c EED SR czTex 2 .
conducts initially. Hence all comput- 2O = g S ey = 288 TR S F o 8 = o
ers reset all flip-flop stages to 0 imme-  <— : ‘ , ! = = g o S OT e | z ©°0 e 22259 GhE g G 9
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reset it. - oL 6 EEEB‘D R L ggp\gg w25 m
Use a jumper connected to the b W o, S5 Ho% ch = =20 S5 » 0 2 & g a
positive terminal of the battery and ~—=—C S c s c s S8 @y Fedce . gopo £S5 g - E 5
apply a voltage momentarily to the re- T<—|d_ T -—ler Tle— a g 9 3 L BF 5 E o 8 c = LR § g3 & 9859 9 2
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the high negative potential at the col- Fig. 9-a—Connecting flip-flop for count BINARY s e e & T E S S0V EYS R o O
TN : up. b——Count-down flip-flop circuit. VALUES = .0r g fe== TN o] o E W X o > @ = =
Jector of Q3 is felt at the base of Q2, = = WO s s O D Eo s o DL e e
Fie 1 QO = C = : c = L © :-D =0 m:"-“l’(UL @ @
permitting the latter to conduct. ing 0001. Another pulse entry at FF1 = B D o - =05 =€ 5 58 Rz € = >ad 5 = oo
Apply the positive voltage to the shuts off the indicator light of the @ ORNSCS z E E = ';' gf_' Z g © S E = 832 ©
set (S) line and Q2 will stop con- first state and the second stage goes 3 & 9 E = _g - 2 = 0.0 ~: = S8T A~ : Sx®© = 5 qrt; =
ducting. Now the indicator light goes into the 1 state, representing number — c Y o & 3 =2 8% gon 2925~ < z 5 9 ©& o
on, indicating the second state (logic 2 in binary: 0010. The third entry BASE-TEN 6% T we S ERESD L0 - = S E S N R
, S VALUES oW X S EEE8S s cow (=i R TR -
1) has been reached. Note that addi- into FF1 sets the counter to 0011 for 5 =£8 G EEBT _23EFic = s B =
tional applications of positive signals 3. The fourth shows 0100, the fifth b £ o 3% = e o E Ec o ~E E o c d;.):g R E = . wZ o -
to the set line have no effect. 0101, the sixth 0110, etc. up to the Fig. 10-a—Decade counter triggers at 2o k=0 8BS S e o w . ST SE ES e 8
Now apply the voltage to the re- ~maximum count, which is limited by 10 count. b—Three decades set on 369. g a3 - Ec Q2 Ec’%s 0 e S o o
set line to change the stage to logic 0  the number of stages used. Four flip-  (binary). Normally the entry of an- o5 L g $ & ® ‘“ﬁ T % o 20 9 c % o oh = B N r E
again. Now note that additional volt- flops will count up to 15 (binary other logic 1 input to the counter = "'_E S o = o %—g st Fag 55a9 O 2 E = é
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1010 (10;4). The or circuit, however,
feeds the AND circuit and resets the
second stage from the right to 0 and
is also instrumental in clearing the
fourth stage which, in turn, trips the

next decade count to the 1 state.

In Fig. 10-b three decade count-

the count progressively. (In some dia-

|
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