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(@) AND circuit using switches

D)

(@) OR circuit using switches

Input Output
switches light Input Output
switches light

B A Y
B A Y

open open no
open  closed no open open no
closed open no open closed yes
losed closed yes closed open yes
e closed closed yes

(h) Truth table

(b) Truth table



1. AND gate

e The AND gate is an electronic circuit that
gives a high output (1) only if all its inputs are
high. A dot (.) is used to show the AND
operation i.e. (A.B). Bear in mind that this dot
is sometimes omitted i.e. AB

X = (A.B)

o N =20

where N is the number of possible input
combinations and n is the number of input
variables. To illustrate,

For two input variables: N = 2% = 4 combinations
For three input variables: N = 23 = 8 combinations

A _
DR

B —_—

Truth table for a 2-input

AND gate.

Inputs Output
A B X
0 0 0
0 1 0
1 0 0
1 1 1

1 = HIGH, 0 = LOW



1. AND gate

Inputs
A B C
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Output

_—o o oo o oo

(a) Develop the truth table for a 3-input AND gate.
(b) Determine the total number of possible input combinations for a 4-input AND gate.

Solution

(a) There are eight possible input combinations (2> = 8) fora 3-input AND gate. The
input side of the truth table (Table 3-3) shows all eight combinations of three bits.

The output side is all Os except when all three input bits are 1s.

(b) N = 2* = 16. There are 16 possible combinations of input bits for a 4-input
AND gate.

Related Problem
Develop the truth table for a 4-input AND gate.




2. OR gate

e The OR gate is an electronic circuit that gives a high

output (1) if one or more of its inputs are high. A plus
(+) is used to show the OR operation.

Truth table for a 2-input

OR gate.
A
B :D— X Inputs Output
A B X
X = (A+B) 0 0 0
0 1 1
1 0 1
| 1 1

1 = HIGH, 0 = LOW



3. NOT gate

e The NOT gate is an electronic circuit that produces an inverted version of the
input at its output. It is also known as an inverter. If the input variable is A, the
inverted output is known as NOT A. This is also shown as A’, or A with a bar

over the top.

Inverter truth table.

A4 | > - A Input Output

LOW (0) HIGH (1)
HIGH (1) LOW (0)




3. NOT gate

e The diagrams below show two ways that the NAND logic gate can be
configured to produce a NOT gate. It can also be done using NOR logic gates in
the same way.

T

=

A— P— ’:‘:}



4. NAND gate

e This is a NOT-AND gate which is equal to an AND gate followed by a NOT
gate. The outputs of all NAND gates are high if any of the inputs are low. The

symbol is an AND gate with a small circle on the output. The small circle

represents inversion.
P Truth table for a 2-input

A _}X NAND gate.
B _

Inputs Output
B X

>
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0
1
0
1

1 = HIGH, 0 = LOW.



5. NOR gate

e This is a NOT-OR gate which is equal to an OR gate followed by a NOT gate.
The outputs of all NOR gates are low if any of the inputs are high. The symbol

is an OR gate with a small circle on the output. The small circle represents
inversion.

Truth table for a 2-input

A NOR gate.
B :D07X

Inputs Output
B X

N

> >
<
_—— O O

0 1
1 0
0 0
1 0

1 = HIGH, 0 = LOW.
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6. EX-OR gate

e The 'Exclusive-OR' gate is a circuit which will give a high output if either, but
not both, of its two inputs are high. An encircled plus sign @ is used to show

the EX-OR operation.

Truth table for an exclusive-
OR gate.

Inputs Output
A B X
0 0 0
0 1 1
1 0 1
1 1 0
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7. EX-NOR gate

e The 'Exclusive-NOR' gate circuit does the opposite to the Ex-OR gate. It will
give a low output if either, but not both, of its two inputs are high. The symbol
is an EXOR gate with a small circle on the output. The small circle represents

inversion. _
Truth table for an exclusive-

NOR gate.
g X Inputs Output
A B X
0 0 1
X = (A - B) 0 1 0
1 0 0
1 1 1
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Timing diagram

e A timing diagram is basically a graph that accurately displays the
relationship of two or more waveforms with respect to each other on a
time basis.

Input

HIGH (1) ‘: HIGH (1) — —
LOW (0) J_I— —|_|_ LOW (0) Olltput

h I I I

Input pulse Output pulse g Iy

FIGURE 3-2 Inverter operation with a pulse input. . _
FIGURE 3-3 Timing diagram

for the case in Figure 3-2.
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Timing diagram

If two waveforms, A and B, are applied to the AND gate inputs as in Figure 3—11, what
1s the resulting output waveform?

HIGH
LOW

A

D
| B ——

|

|

|

HIGH |
LOW |
|

|

|

|

|

|

HIGH
LOW

— ——

A and B are both HIGH during these four time intervals;
therefore, X 1s HIGH.

FIGURE 3-11
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Timing diagram
EXAMPLE3-7

If the two input waveforms, A and B, in Figure 3-21 are applied to the OR gate, what 1s
the resulting output waveform?

Input A
BREIR I D
| I I I X
| | | | B
Input B | | ! !
o
| I R
| I R
| I R
| I R
| [ | | | |
Output X | -

—_— N e

When either input or both inputs are HIGH,
the output is HIGH.

FIGURE 3-21
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Timing diagram

EXAMPLE 3-11

Show the output waveform for the 3-input NAND gate in Figure 3-29 with its proper
time relationship to the inputs.
A |
S| [
| I g
B | | | X
| | C ——)
(et li=l
C | T —
(. (.
(I (I
(. I
| 1
X | | -
FIGURE 3-29




Describing logic circuits algebraically

e Any logic circuit, no matter how complex, may be completely described
using the Boolean operations previously defined. Determine the output
expression for the logic shown below :-

s O—" B

X=AB+C AAER)C
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Implementing circuits from Boolean expressions

e |If the operation of a circuit is defined by a Boolean expression, a logic
circuit can be implemented directly from that expression.

Implement the logic circuits defined by the following Boolean expressions :
a) Y=AC+ BC + ABC

J 0L
i
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Implementing circuits from Boolean expressions

b) X = AB + BC

>

[

Exercise:

a) determine the output expression for the following circuit
b) determine the output logic level if A=1, B=0 and C=1, D=1

0 o B
: [ O—— %
: B
D D {>0_ 18
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