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Basic Combinational Logic Circuits
Basic combinational logic circuits are digital circuits in which the output
depends only on the present input values, without memory or feedback loops. These
circuits perform logical operations such as AND, OR, NOT, XOR, etc., and are

widely used in arithmetic and data processing applications.

Combinational Logic Circuits
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Input Output
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For a 4-input AND-OR logic circuit, the output X is HIGH (1) if both input A and
input B are HIGH (1) or both input C and input D are HIGH ().

AND-OR-Invert Logic

When the output of an AND-OR circuit is complemented (inverted), it results
in an AND-OR-Invert circuit. Recall that AND-OR logic directly implements SOP
expressions. POS expressions can be implemented with AND-OR-Invert logic.
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A AB POS

B — AB+CD = (A +BYC +D)
O —1

D I

X = (A + B)(C + D) = (AB)(CD) = (AB)(CD) = AB + CD = AB + CD

Exclusive-OR Logic

The exclusive-OR gate is a combination of two AND gates, one OR gate, and

two inverters, as shown in Figure below

A &
{>o—3 X=A@B Input Output
VT e A e
D:{ = AB + AB 0 o0 0 |
o0 1 1
Dy 1 o1
1 1 0 0

The output is HIGH only when the two inputs are at opposite levels.
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Exclusive-NOR Logic

the complement of the exclusive-OR function is the exclusive-NOR, which is

derived as follows:

X =AB + AB = (AB)(AB) = (A + B)(A + B) = AB + AB

XOR
A A —O—DQ—L

B

(a) X = AB + AB (b) X=AB + AB

Example: Use exclusive-OR gates to implement an even-parity code generator

for an original 4-bit code.

Solution

._f' A[:I ))
A & +
Data bits 4 Even parity bat
Aj T 4 T r.l__n"‘/ .
Az T—»_)J
I ¢ Data bits

Evan parity generator
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Implementing Combinational Logic

In this section, examples are used to illustrate how to implement a logic circuit from

a Boolean expression or a truth table.
From a Boolean Expression to a Logic Circuit

Let’s examine the following Boolean expression: X =AB + CDE

B —

:D— X = AB + CDE

C —
) JE——
— ) CDE

From a Truth Table to a Logic Circuit

Design a logic circuit to implement the operation specified in the truth table shown

below:
Inputs Output

A B C X Product Term
0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1 ABC
| 0 0 0

1 0 1 1 ABC
1 1 0 1 ABC
| 1 1 0
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C B A
|
AN
ABC
>
L 5
Y ABC
X
ABC

Example: Develop a logic circuit with four input variables that will only produce a

1 output when exactly three input variables are 1s.

Solution
A B C D Product Term
0 I I | ABCD
] 0 ] ] ABCD
| I 0 | ABCD
b bA ] | | 0 ABCD
— L
|

@ x  ABCD + ABCD + ABCD + ABCD
! Jﬂ;?n

) ABCD
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Example: Reduce the combinational logic circuit in Figure below to a minimum

form.
A _>
S _x
D> |

Solution

The expression for the output of the circuit is

X=(@ABC)C +ABC+ D

Applying DeMorgan’s theorem and Boolean algebra,
X=@A+B+CC+A+B+C+D
=AC+BC+CC+A+B+C+D

—AC+BC+C+A+B+€+D 53\
—CA+B+1)+A+B+D D
X=A+B+C+D

Example 2: Minimize the combinational logic circuit in Figure below. Inverters for

the complemented variables are not shown
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Solution
X = ABC + ABCD + ABCD + ABCD

Expanding the first term to include the missing variables D and D,

X = ABC(D +~ D) + ABCD + ABCD + ABCD

= ABCD + ABCD + ABCD + ABCD + ABCD
AR CDI 00 01 ‘ 110
00 LI 14/. B A
g _
01 D —
X

(1) \CD -

'\\ —
10 | | L

o

The Universal Property of NAND and NOR Gates

The universality of the NAND gate means that it can be used as an inverter and that
combinations of NAND gates can be used to implement the AND, OR, and NOR
operations. Similarly, the NOR gate can be used to implement the inverter (NOT),
AND, OR, and NAND operations.

The NAND gate is a universal gate because it can be used to produce the NOT, the
AND, the OR, and the NOR functions. An inverter can be made from a NAND gate

by connecting all of the inputs together and creating, in effect, a single input
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A —E} 1 A

(a) One NAND gate used as an inverter

T > mow =
B — - B —1

(b) Two NAND gates used as an AND gate

i%

!

(c) Three NAND gates used as an OR gate

G, AB=A+B

1 -
5 {'B}{D{} B

(d) Four NAND gates used as a NOR gate

L=
+
=]

e A
}AB:A+B B:D—_MB

The NOR Gate as a Universal Logic Element

] o /

(a) One NOR gate used as an inverter

A+B

{1

A —
B —

A —
B —1

=

{7

(d) Four NOR gates used as a NAND gate
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Combinational Logic Using NAND and NOR Gates
NAND Logic

As you have learned, a NAND gate can function as either a NAND or a negative-
OR because, by DeMorgan’s theorem,

AB=A+B
A AN

NAND ! negative-OR

Consider the NAND logic in Figure 5-20. The output expression is developed in the
following steps:

X = (AB)(CD)
= (A + B)C + D)
=((A+B)+ (C+ D)
=AB+CD
= AB + CD

A — AB
G

B —jo_\

C_ i})—_‘

0D — cD

Example: Implement each expression with NAND logic using appropriate dual

B)— X=AB+CD

symbols
(a) ABC + DE (b) ABC+ D + E

ABC Bubble cancels bar A _3) 1RC Bubble cancels bar

B
C _ _
ABC +DE 1};: i)— ABC+D +E
E —Doﬁl_( Bubble cancels bar Bubbles add bars to D and E
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NAND Logic Diagrams Using Dual Symbols

The NAND symbol and the negative-OR symbol are called dual symbols

A — AB ,
B —} ABC —3 ABCD
|:'_"' P
CD)EF

ba|

{4

(ABCD) + EF

= ABCD + EF

= (AB + C)D + EF

= (AB+O\D + EF

Use of the appropriate dual symbols in a NAND logic

AND
Bubble cancels bar

C

Bubble adds )
bar to C E

bar
/—I OR

AND
Bubble

cancels

(AB + C)D + EF

Bubble

cancels bar

AND
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NOR Logic

A NOR gate can function as either a NOR or a negative-AND, as shown by

DeMorgan’s theorem.

=A

A+B
NOR— 1  negative-AND

>

X=(A+B)NC+D)

X=A+B+C+D=A+BC+-D)=(A+B)C+D)

(5 acts as OR Bubbles cancel

A
B
(A+BiC+D) E—m +BNC+ D)

() acts as AND D

G, acts as OR Bubbles cancel

(a) (b)
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NOR Logic Diagram Using Dual Symbols

B A+B+C+D

C
A+B+C+D+E+F
=(A+B+C+DWE+F)
E+F “(A+B+C+DYE+F)

= ((A+B)C+D)E +F)

(A +BIC + DWE +F)

OR
Bubble cancels bar
A A+B OR

; (A+B)C (A+BC+D. Bubble
C — D cancels bar
} [(A+B)C+DIE+F)
Bubble adds bar to C E
. — AND
F E+F Bubble

cancels

bar

AND
OR
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Pulse Waveform Operation

The following is a review of the operation of individual gates for use in analyzing
combinational circuits with pulse waveform inputs:

1. The output of an AND gate is HIGH only when all inputs are HIGH at the same
time.

2. The output of an OR gate is HIGH only when at least one of its inputs is HIGH.
3. The output of a NAND gate is LOW only when all inputs are HIGH at the same
time.

4. The output of a NOR gate is LOW only when at least one of its inputs is HIGH.
Example: Determine the output waveform X for the logic circuit in Figure below by

first finding the intermediate waveform at each of points Y1, Y2, Y3, and Y4.

Solution

(a)

A L1 [ =1 °L_1 [/
I I I I I I I I I I I
I : I I I I I
B | I | 1 | 1 | |
I I I I I I I I I I I
I I I I I I I I I
I o T
I I I I I I I I I I I
I I I I I I I ! I
by D! ! ! ! ! ! I I L
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
L | | | | | |
¥ | I I I I I I
L | | | | I |
I I I I I I I I I I I
| | | | | | ! | ]

F I I
¥ I I I I I : l : :
I I I I I I I I I I I
] ] ] | | ] ] ] ]
v, | I I I I I I I I
El | | 1 1 | | | |
I I I I I I I I I I I
L | | | | | | | I
Y. I I I I I I I I
4 | | I | | I | |
I I I I I I I I I I I
I I I ' ' ' I
cy X | I I |
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Functions of Combinational Logic

Half and Full Adders

Adders are important in computers and also in other types of digital systems in which
numerical data are processed. An understanding of the basic adder operation is

fundamental to the study of digital systems. In this section, the half-adder and the
full-adder are introduced.

The Half-Adder

0+0= 0 oL

0+1= 1 — A ¥ I—— Sum

140 1 Input bits Cutputs
1+1=10 v B Cou — Camy J

Half-adder truth table.

B C

out

' } Cou=AB Cout = AB
I; out

A
0
0
1
1

—_—0 = O
[l ==
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Example: Determine the sum (3°) and the output carry (Coy:) of a half-adder for each

set of input bits:

(a)0+1  (b)1+0  (c) 1+1
Solution

Ll
A B | Cou |y | Decimalnumper S,
010 11 .
1. 0/0 1 1 I
1.1/ 1 0] 2 | 2 L

The Full-Adder

The full adder accepts two input bits and an input carry and generates a sum output

and an output carry.

Full-adder truth table.

Cin S

Inputs A —— FA Outputs B Cin Cout z
B—— Co 0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

A "_:)D A®B 10 I 1 0
B ! , 1 1 0 1 0
c ':D I=(ABBR&C, 1 ) 1 1 1

(A® BIC,

Cou=AB + (A ® BC,,
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Parallel Binary Adders

Example: Determine the sum generated by the 3-bit parallel adder and show the
intermediate carriers when the binary numbers 101 and 011 are being added.

Solution
DISPé DISPS
5 p— DISP4
4321 4321 —
1 | 4321
1
Vs
|EU UlD
- L
W jD
= [
o= U2D
V7
sV
- UsSh USBE
owv
I— ||— ]:

J4B

UsB

V10 .
ov
1= UsD UsC

U4D u4c

U3c
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4-bit parallel adder

Addition problem

A, A, A, A
+8, B, B, B
a, -4 L
HA
B B} s Co
¥
carry
Cin b3
4, A4l FA
'_'_""'HI_B‘ 25 Co
L
A, A} FA
———"B!_i ds Co
i
Cin z
A,_A|l FA
> B‘l_i Bs Co

L | L
OO

Sum



