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8-1. Basic Combinational Logic Circuits

AND-OR Logic

O In Sum-of-Products (SOP) form, basic combinational circuits can be directly

Implemented with AND-OR combinations if the necessary complement terms

are available.

Product terms

C = ch
D — @ AB+CD +--- +JK
Sum-of-products
-
JK
K \

Product term
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 AND-OR circuit consists of two 2-input AND gates and one 2-input OR gate,

as shown in Figure-Logic diagram.

A

B W= dB WD
|

.

D D_ Ch

O In general, an AND-OR circuit-can-have any number of AND gates each with

any number of inputs.
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AND-OR

 The truth table for a 4-input AND-OR logic circuit is shown.

Inputs Output
A B C D AB cD X
0 0 0 0 0 0 0
0 0 0 | ] 0 0
0 0 | 0 ] 0 0 A —— .
0 0 | | 1] | 1 } o SOP
0 ! 0 0 0 0 0 B X=AB+CD
0 | 0 | ] 0 0
0 | | 0 ] 0 0 E——
0 | I | ] | 1
| 0 0 ] ] 0 0 D —} CD
| 0 0 | ] 0 {
| 0 | 0 ] { 0
1 0 | | ] | 1
1 | 0 0 | { 1
1 | 0 | 1 0 |
1 | | 0 | 0 1
1 | | | | | 1

 The operation of the AND-OR circuit in Fig. is stated as follows:
For a 4-point AND-QR logic circuit, the output X is HIGH (1) if both input

A and Bare HIGH (1) or both input C and D are HIGH (1).
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AND-OR-lnvert Logic

 When the output of an AND-OR is complemented (inverted), it.results in an
AND-OR Invert circuit.

 The logic diagram in Figure shows an “AND-OR" Invert circuit and
development of the POS output expression.
 An example of an AOI implementation is.shown. The output expression can

be changed to a POS expression hy applying DeMorgan’s theorem twice.

ABC

E X =ABC+DE DCXZABC+EE AOI

D —D_ X = {ABE‘]{EE] DeMorgan

DE

X=(A+B+C)D+E) POS
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AND-OR-Invert Logic

O In general, an AND-OR Invert circuit can have any number of AND gates
each with any number of inputs.

(d The operation of the AND-OR Invert circuitin.Fig. is stated as follows:
For a 4-point AND-OR Invert logic circuit,4he output X is LOW (0) if
both input A and B are HIGH (1) oroth input C and D are HIGH (1).

O A truth table can be developed from truth-table for a 4-input AND-OR logic

circuit by simply changing all1s.to 0s-and all Os to 1s in the output column.
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Exclusive-OR Logic

 The exclusive-OR gate is actually a combination of two AND gates, one OR
gate, and two invertors, as shown in Figure.

D X = AB% AB

—[>0— A B X
A VL
0 0 0
0 | |
= The truth table for an exclusive-OR gate is 1 0 I
| | 0

= Notice that the output is HIGH whenever A and B disagree (opposite levels).

= A special exclusive OR operator @ is often used, so the output expression
can be statedas = X = AB + AB
o Xisequal to A exclusive-OR B” and can be writtenas X — A®B
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Exclusive-NOR Logic

O The complement of exclusive-OR function is exclusive-NOR, which is

derived as follows: " B""5 _ (AB) (AB) = (A+ B)(A+'B) = AB + AB

= The exclusive-NOR can be implemented by simply inverting the output of an
exclusive-OR, as shown in Fig. (a),.or by directly implementing the

expression AR+ AB , as show in.Fig.(b).

XOR

TR T
Doyt IS

(b) X =AB + AB
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8-2. Implementing Combinational Logic

From a Boolean Expression to a Logic Circuit
Let’s examine the following Boolean expression: X = AB+CDE

= This expression is composed of two terms, AB and CDE, with a. domain of five
variables.

= The first term is formed by ANDing A with B, and the second term is formed by
ANDing C, D and E.

d —% AB

AND >
Lo | ST
1 J—
& =
E—1_J CDE
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Examllle 8'1 Given the Boolean expression X = AB(CD +EF)

Implement the corresponding logic circuit.

SOIII“““ The structure that indicated in relation to the expression is.as follows:
AND

=

X = AB(CD + EF)
T 7 AND

Before we can implement the final expression;.we must create the sumterm CD + EF ;
but before we can get this term, we must create the productterms CD and EF ;

but before we can get the term CD , we must create D .

So, as we can see, the logic operations must:be done in the proper order.

The logic gates required to implement X = AB(C5+ EF) are as follows:
1. One invertor to form D .

2. Two 2-input AND gates to form CD and EF .

3. One 2-inputOR gate to form cp 4+ EE

4. One 3-input AND gate to form X.

Dr. Eng. Hassan Ahmad 23 July 2018 11



The resulting logic circuit for given expression is shown in Fig.

:)— Y= ABCD + EF)

CDSEF

The expression is converted to SOP as follows:. X = AB(CD + EF) = ABCD + ABEF
and the resulting circuit is shown in Fig.

A .
5

D ~|>c
)
f

D:{ = ABCD + ABEF
S ) ABEF
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From a Truth Table to a Logic Circuit

1 Let the following table specifies a logic function.

Inputs Output

A B C X Product Term
0 0 0 0

0 0 1 0

0 1 0 0

0 | | 1 ABC

1 0 0 | ABC

| 0 1 ()

| 1 0 0

1 1 ] 0

= The Boolean SOP expression obtained from the truth table ORing the
product terms for which X =11is: X = ABC+ ABC

= The first term in the expression is formed by ANDing the three variables
A B,and C - -
The second term is formed by ANDing the three variablesA B, and C
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 The logic gates required to implement this expression are as follows:

« Three invertors to form A B, and C Variables;

» Two 3-inputs AND gates to form terms ABC and -ABC :

* One 2-input OR gate to form the final output function,

X = ABC + ABC

ABC + ABC

O The implementation of logic function X = ABG+ ABC s illustrated in Fig.

B

' N V:Ta
—

X = ABC + ABC
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E)(ﬂllll“ﬂ 8'2 Design a logic circuit to implement the operation specified in

following given truth table. Inputs Output
- A B C X Product Term

0 0 0 (1]

Solution oo v | ¢
0 | 0 0
0 I 1 1 ABC
1 0 )] 0
I 0 1 ' ABC
! I 0 l ABC
1 | | 0

Notice that X = 1 for only three of the input conditiens. Therefore, the logic expression is

X = ABC'+ ABG + ABC

The logic gates required are three inverters, three 3-input AND gates and one 3-input OR

gate. The logic circuit is shown in Fig. C g A

=2
L

P ABC
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Examnle 8'3 Develop a logic circuit with four input variables that will only
produce a 1 output when exactly three input variables are 1s.

The combinations in which there are
exactly three 1s are listed in Table.
The product terms are Ored

A B C D Product Term
0 1 | 1 ABCD
| 0 1 1 ABCD
| 1 0 1 ABCD
| 1 | 0 ABCD

to get the following expression:

X = ABCD+ABCD+ABCD+ABCD . w4 | l
L

This expression is implemented in Fig.
with AND-OR logic.

YYYY

D ARCD

).«'LH{'E'

jwfﬂ

) ARCD
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Examnle 8'4 Reduce the combinational logic circuit in Fig..to a minimum

form.

A —

AND=x OR=+

The expression for the output of the circuitis;  °

X :(/_AEE)C +ABC4+D

r."—T-

NXY

|—I_/

D
Applying DeMorgan’s theorem and Boolean algebra,

X =(A+B+C)C+A+B+C+D (rul _9)
=AC+BC+CC+A+B+C+D
=AC+BC+C+A+B+C+D (rul _7)
=AC+BC+C+A+B+D (rul”5)
=C(A+B+1)+A+B+D (rul _2)
=C(A+1)+A+B+D (rul _2)
=A+B+C+D (rul _4)

Basic rules of Boolean algebra.

LA+0=4 TAA=A

LA+1=1 8. A4 =0

3LA0=0 9. 1=4

4 A1=4 10, A+ AB= A
5.A+A=4A 1LA+AB=A+B
6.A+A=1 12.(A+BA+C)=A+BC

A, B, or C can represent a single variable or a combination of variables.

The simplified circuit is a 4-input OR gate as shown in Fig.

Dr. Eng. Hassan Ahmad
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8-3. Pulse Waveform Operation

A The operation of any gate is the same regardless (& =) of whether its

Inputs are pulsed or constant levels.

A The nature of the inputs (pulsed or constant:levels).does not alter (L) the

truth table of a circuit.

 The following is a review of the operation of individual gates for use in

analyzing combinational circuits-with pulse waveform inputs:

1.

2.

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

The output of an OR-gate 1s HIGH only when at least one of its inputs
Is HIGH.

The output of a NAND gate is LOW only when all inputs are HIGH at
the same.time.

The output of a NOR gate is LOW only when at least one of its inputs
IS HIGH.

Dr. Eng. Hassan Ahmad 23 July 2018
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Examnle 8-5 Determine the final output waveform X for the circuit in following
Fig., with input waveforms A, B, and C as shown.

(A _TT T T 7L
wef 0L HHE SN
||::|| Lo ||::|| c Y
QU A R

snluunn X=AB +C)=AB + AC

v" The output expression, -AB+AC. ‘indicates that the output X is LOW when:
* both Aand B are HIGH or
* both Aand C are HIGH or
 all inputs are HIGH.

v" The output waveform X is shown in the timing diagram of given Fig.

v" The intermediate waveform Y at the output of the OR gate is also shown.
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Examnle 8-6 Draw the timing diagram for the circuit in following Fig. showing the
outputs of G, , G, , and G, with the input waveforms, A, and B, as indicated.

T _a—e B

1 s

®7 X =AB +AB

B

When both inputs are HIGH or when both inputs are LOW, the output X is HIGH as shown

in following Fig. A — —
P SN B o B A

Ginutpul_ : : :

D B B e B

Notice that this isan exclusive-NOR circuit.

The intermediate outputs of gates G, , and G, are also shown in Fig.

Dr. Eng. Hassan Ahmad 23 July 2018
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Examnle 8-1 Determine the output waveform X for the logic circuit with input

waveforms in Figure by first finding the intermediate waveform at each.of points Y4, Y,, Y,

and Y,.

Solution

21
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Universal gate

Selected Key Terms
Either a NAND or a NOR gate. The term universal refers to a

property of a gate that permits any logic function tc be implemented
by that gate or by a combination of gates of that kind.

Negative-OR

Negative-AND
Node

The dual operation of a NAND w@&%ﬁlputs are active-LOW.

The dual operation of a NOR gate when the inputs are active-LOW.

A common connection point in ‘circuit in which a gate output is
connected to one or mor
gate inputs. -~
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Truc/talse Quiz

AND-OR logic can have only two 2-input AND gates.

AOI is an acronym for AND-OR-Invert.

If the inputs of an exclusive-OR gate are the same, the output is LOW (0).
If the inputs of an exclusive-NOR gate are different; the output is HIGH (1).
A parity generator cannot be implementedsusing éxclusive-OR gates.
NAND gates can be used to produce the AND functions.

NOR gates cannot be used to produce-the OR functions.

Any SOP expression can beiimplemented using only NAND gates.
Negative-OR is equivalent4o NAND.

—
oy

2. T 3. T 4. F 3.
6. T 7. F 8. T 9. T
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SELF-TEST

1. Assume an AOI expression is AB + CD. The equivalent 2. The truth table‘shown,is for
POS expression is
d. @aNAND ‘gate

a. (4 + B)(C + D)
[ b aNOR gate
b. (4 + B)(C + D)

¢. (4 + B)(C + D)
d. none of the above d. an exclusive-NOR gate

c. anexclusive-OR gate

3.To implement the SOP expression X = ABC +4BD + BRE» 4. Reading the Karnaugh map, the logic expression is
the type of gate that is needed is a A AC + AB

al
0

a. 3-input AND gate b.AB+AC
b. 3-input NAND gate

c.AEJrB(_?
d.AB+AC

c. 3-input OR gate
d. 3-input NOR gate

molm S>> O|bX|
Y
=~
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5. The circuit shown will have identical logic out if all 6. The two types of gates which'arc'ealled universal gates

gates are changed to
a. AND gates
b. OR gates
c. NAND gates
d. NOR gates

are

a. AND/OR

7. The circuit shown 1s equivalent to an

a. AND gate
b. XOR gate
c. OR gate

d. none of the above

d: OR/NOR

8y The circuit shown is equivalent to

:)_l_'| baNAND/NOR
¢, AND/NAND

A1

a. an AND gate
b. an XOR gate

c.an OR gate

d. none of the above
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0. During the first three intervals for the pulsed circuit
shown, the output of

a. G, 1s LOW and G, is LOW

b. G, 1s LOW and G, 1s HIGH
c. G, 1s HIGH and G, is LOW
d. G, 1s HIGH and G, is HIGH

T H

o O I >

Dr. Eng. Hassan Ahmad

23 July 2018
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Problems & Solutions

Pmll, 5-1 Write the output expression for each circuit in Figure:

}1;4—I>FLF7-
{f, ) D

(a) . X=AB%A+ AC
(b) X= AB+ ACD+DBD
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Pmll, 5-2 Write the output expression for each circuit in Figure:

o, Py z—D

X
(a) (b)

D H
A H Rt |
H —
D
ﬁ.

(d) {e) if)

so" (a)y = X' =ABB

(b) X—=AB+ B
(c) X=A+B

(d)+ X=(4+B)+AB
(e) X= ABC
X=(A+B)B+C)
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L
—

4
B
C
(f)

. T
a4

i
B
C
(e

!
B
(b)

o )

Develop the truth table for each circuit in Figure.

T

4
B
(a)
A
B
(d)

A+ B

X:

VAlanl
S — S —

o O ——

()

O o O

o

oo —

(b). " X=J4B+ B

() X=(4+B)B+0C)

29

oo o———o —

e OO — S —

800110011

TOO O — ———

X= ABC

— o — ) o — — —

OO — O~

oo O D

oo — — ——

(€)

X=A4BB

oo —

O et ) )

o O

X=(4+B)+AB

(a)

(d)




Pmn. 54 Use AND gates, OR gates, and inverters as needed to.implement the
following logic expressions as stated

(a) X = AB + BC (d) X = ABC + B(EF + G)
SOI. (b) X = A(B + C) (e) X = A[BC(A + B € H\D)]
(c) X=AB + AB (f) X = B(CDE + EFGYAB+ C)
A _ A AE
B , B — B+C i o
B, X =AB+BC (@; )T:MHE] ! X=AB+AB
[ — ne A Al
{a) " i)
: A+B+C+ D
BOA+ B+ C 400
¢ 23 >B_
D f'"D.,:DEmm.'m +B+C+ D)
(e}

COE + BRG
L )x — BUCDE + EFGWAT + )

AR+ C
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Proh.5-9  use NAND gates, NOR gates, or combinatiohs of both to
Implement the following logic expressions as stated:
(a) X =AB + CD + (A + BY(ACD"™ BE)

Sol. () X = ABCD + DEF + AF
(c) X = A[B + C(D + E)]

_,_.,{>;

DO e

i

o
i)

(b) X= ARCD+ DEF+ AF

(@) x- AR+ CD+ (A+ BIAD+ FE)

(¢) X=A[B+C(D+ H)

Dr. Eng. Hassan Ahmad 23 July 2018
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th. 5-6 Using Karnough map, implement a logic circuit for.the truth table
in Table.

Inputs Output

Sol. . AR
||

e

X= ABC+ ABC + ABC + ABC + ABC

0 0 0 |

C oo AN !

AB - B 0 | 1 0

o1l ]
EiEp
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th. 5-6 Implement the logic circuits in Figure using only»NAND gates,
and also using only NOR gates.

(a) ib)

Sol. <D
oS58

(il

NOR:

B> -
L ¢ X

v

>
(b)
Dr. Eng. Hassan Ahmad 23 July 2018
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Pl’ﬂll. 5'1 Determine the output waveform X for the circuit in Fig., directly from the
output expression.

o1
Sol. E; AIE}:D_

= The output expression for the circuit is developed in following Fig.
A A+B (Z'i-E)C

— D"
. A L= B+ D= @B s Co=icBe+ O

S A
EH
% |

= Result: The SOP form indicates that the output is HIGH when A is LOW and C is HIGH
or when B isZOW and C i1s HIGH or when C is LOW and D is HIGH, regardless ( =
ki) of values of another variables in each state.
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= The result is shown in following Fig. and is the same as the one. obtained by the
intermediate-waveform method in Example 8-7.

A | B | C | D|Product | X — N\ CD
L 0| H| 0| 4 ~_ H AC AC : ‘
Ao Al :
O | L]JH|O0|B-1| H i | i | i | E | i i i
0 0| L|HI|- ~p_ H B
: CD=1 Hl : | : | : | : : :
Each state 1s may be repeated. : : ; : : : : { l
C | R | | | | | | |
| | | | | | | | | | |
| | | | | | | | |
N> | :
O .
X=AC+BEwER . )" | { ',

= The corresponding product terms for each waveform condition that results in a HIGH
output are indicated.
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QUESTIONS

The endrof Lecture_08,
chapter 5

Dr. Eng. Hassan Ahmad 23 July 2018

36



