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1. Loglc Gates

A logic gate is a basic building block of a digital circuit that has two inputs and one
output. The relationship between the i/p and the o/p is based on a certain logic. These gates
are implemented using electronic switches like transistors, diodes. But, in practice basic
logic gates are built using CMOS technology, FETS and MOSFET (Metal Oxide
Semiconductor FET)s. Logic gates are used in microprocessors, microcontrollers,
embedded system applications and in electronic and electrical project circuits. The basic

logic gates are categorized into seven: AND, OR, XOR, NAND, NOR, XNOR and NOT.

1.1.AND Gate

The AND gate is an electronic circuit that gives a high output (1) only if all its inputs

Symbol

are high.
“Truth Table for a Two-Input AND Gate
. Input Output
Input A ‘ e
P Output X . A B e
Input B 0 o 0
0 1 0
1 0 0
1 1 B

Thie algcbluu expression of the logical AND gate.

X=A.B=AB

Figure below shows timing diagram for AND gate with A =(1100)2, B = (1010)2




1.2.0R Gate

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 Two-Input OR Gate

Input Output
A B X=A+B
Input A : 3_ o
., Qutput X 0 0 , 0
Input B ) 1 1
S 5 e
Sjm bol ] i 1

1e algebraic expression of the logical O'= gale.

X=A+D

Figure below shows timing diagram for OR gate with A = (1100)2, B = (1010)2

X:_A+BIQ.111L

1.3.NOT Gate (Inverter)
The inverter is used to complement, or invert, a digital signal. It has a single input
- and a'siﬁgle output. If a HIGH level (1) comes in, it produces a Low-level (0) output. If a
LOW level (0) comes in, it produces a High-level (1) output.

" Truth Table for NOT Gate
Input _DQ_ Output i Input Output
4 t A X=A
0

______ Symbol )

iEhe algebraic expression of the inverter.

o 1l

X=A




Figure below shows timing diagram for NOT gate with A = (11 00)2 , B=(1010)2

i ] o o |1 1 L

X=A J . 1 1o o

1.4.NAND Gate
This gate can be considered as 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 10w+

_—

Ay INL X
el

"~ The symbol is WAND gate _\;ifh a small circle on the output. The small circle

represents inversion. :
_ Truth table for a Two-Input NAND Gate

Input ‘ Qutput
A B = X-AB
0
Input A — — 0 l
Output X = AB 0 ] 1
Input B — | 0 1
! 1 0

Symbe!l

Figure below shows timing diagram for NAND gate.with A =(1100)2, B =(1010)

A 0 0 1 1 L
B 0 1 0 1 L
wm | L

PN



1.5.NOR Gate

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.

I

— Ik

The symbol is @/OR gate with a small circle

represents inversion.

—

on the output. The small circle

Truth table for a Two-IIiplit NOR Gate

gjﬂ’l bo {

A A
X=A+8 0
B 0
| o
j 1

Input QOutput
B X=A+B
0 R
1 0
oo e
e o

Figure below shows timing diagram for NOR gate with A = (1100)2 , B =(1010).

L

1.6.XOR Gate

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 E:fclusive

-OR operation.

B

fﬁfwjb/

_ Truth table for a Two-Input XOR Gate

Input Qutput
A B X=A®B
0 0 0
0 1 T
1 0 [
1 | 0



e e e e e

T T R G e r e e I e I = D T B T T ot P

S —
— e =

Figure below shows timing diagram for XOR gate with A = (1100)2 , B=(1010).

A 0 0 1 1 a
B o] 1 (o] 1 |
X=A®B 0 1 1 Lo

1.7.XNOR Gate
The "Exclusive-NOR' gate circuit does the opposite to the EOR 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 a Two-Inpui XNOR Gate

Input Output
" o A s
Y=A®B 0
) o 0
1
1

 X=A@B
gjméo/

- o — o' W
—_c o —~

Figure below shows timing diagram for XNOR gate with A =(1100)2 ,B = (1010),

A o) o) 1 1 i
B 0 1 0 1 L
X=A®B 1 0 0 1
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Example: Write the Boolean expression of the logic circuit shown below?

o2}

oo

Answer:

A
Do iB

| i:: F=AB+(C+D)
B e
c+D(C+D)

F = AB + (C + D)

o6 m »

Example: Write the Boolean expression of the logic circuit shown below?

X T F
e ¢ .
$o—

b4
W

Answer:
Given logic circuit :

X - XY ro XY

y —o— | F=XV+(W+2)
Z 4

z—D B

w (W + 2)

Hence, boolean expression will be F = XU+ (W+Z)

F=XY+W+2)
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Example: Write the Boolean expression of the logic circuit shown below?

\V
1/ ]
Z
Answer:
X X+Y
Y X +YOD)DX +Y)
\ Y®Z ¥

' X v X +Y®Z

F=X+Y®DBK+Y)

Example: Draw the logic circuit for the following Boolean expression:

a (X+Y).(Z+W)
b. PQ + PR + QR
C. A—B-+(C+§)Z

Answer:

a. The logic circuit for expression (Y + Y) .(Z + W) is shown below:

X —5oX 1 K

L W LD \K+.Z+W)
4 [
D

W
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b. The logic circuit for expression PQ + PR + QR is shown below:

PO g
Qo————1>o

AB

ormmonmen

L § >F~ ABHC+B).A
“)méﬁ, |

2. Simplification of Logic Expressions

Boolean algebra finds its most practical use in the simplification of loglc circuits. If we
translate a logic circuit’s function into symbolic (Boolean) form, and apply certain algebraic
rules to the resulting equation to reduce the number of terms and/or arithmetic operations, the
simplified equation may be translated back into circuit form for a logic circuit performing the
same function with fewer components. If equivalent fanction may be achieved with feWcr.

components, the result will be increased reliability and decreased cost of manufacture.

Table below show some rules used in logic simplification

s Aap =g
> A+B=B+4 *
18— VA(B+C)-AB+AC

13>  A+AB=A+B

~ 1>  A+raB=A+B

\;f"‘s‘f:

Loglc Slmpllﬁcatlon Rules - - , ‘

g

|5 =2 A+AB=A

/6 -+ (A+B)(A+C)=A+BC

Demorgan s theorem

18- 4+3?E§ B

l;.

Sy



Prove

13 A+AR = A +i3

___/g.}qu/,)/);’ o A()+)§)+é)§ Fvle €
:/Q’f'/)BTA/B :/41'8(/9“”’”) rule 4.
= A+ 1S

| &, /éj_)—/}B: /T‘Hg

6. (A+B)(p+c) = A+IEC
. Qq,ﬂ’g)(;}—rc) = AA +/)C%A’T§+EC

. A +ACHAB TBC piile 3
;A(l+c)+PrBH?C rule €
A +ABFTEC

;A()*B)A‘—BC fule 8
= A+ EC
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Example: Simplify the Boolean expression X = (4 + B)BC + A by using
simplification rules?

Answer:
X=(A+B)BC+A
X =ABC+BBC+ A

According to rule 3 we have B.B = B then

X =ABC+BC+A
X=BC(A+1)+4

According to rule 6 we have A +1 =1 then

X=BC+A ?;:::[)
B s X
A’M_#,g,~§>—"

Example: Simplify the Boolean expression X = (A + B)B + B + BC by using
simplification rules?

Answer:
X =(A+B)B+B+BC

X =AB+BB+B+BC

According to rule 6 we have BB = 0 then
X=AB+B+BC
X=(A+1)B+BC

According to rule 6 we have A + 1 =1 then

X =B+BC

According to rule 14 we have B + BC =B +C then

X=B+C
B —tas W

)

N



Example 2:

AB+ A (B+C)+ B(B+C)
1- AB+AB+AC+BB+BC
2- AB+AB+AC+B+BC
3- AB+AC+B+BC
4- AB+AC+B
5- B+AC

AB+AB+C)+ BB+ 0O)

A—

¢ —

.y : = = s
{a} 1—-'[!:-:\;- I Ll s e equinalent —I
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Example: For the logic circuit shown below:
a. Write the Boolean €Xpression of X
b. Simplify the Boolean expression of the logic circuit.
¢. Draw the logic circuit of the simplified expression.

A

By

B— ¢

TH

Answer:

a. The Boolean expression of X is

X = ((A +B)(B+0))B

b. X =(AB+AC+BB+BC)B
X =(AB+AC+BC)B

X = ABB + ACB + BCB

X =AB + ACB
X =AB(1+ ()
X =AB

c. The simplified expression

D
B_._,_.___

C

Not used

13
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Example: For the logic circuit shown below:
a. Write the Boolean expression of X
b. Simplify the Boolean expression of the logic circuit.

¢. Draw the logic circuit of the simplified expression.

C —Do-l_ 3_—[>"

Y
B |/

Answer:

a. The Boolean expression of X is

X = ABC + AB(A C)

b. X =ABC + AB(A + C)
X = ABC + ABA + ABC

X = ABC + AB + ABC
X =AC(B+B)+AB
X =AC+ AB
X =A(C +B)

c¢. The simplified expression

B_D>-D_} X=A(C+B)

C
&

14



3.De Morgan’s Theorem:-
De morgans theorem represent two of the most powerful laws in Boolean algebra.
Law1: A+ B=A.B

This states that the complement of sum of variables is equal to the product of their

invidual complements.

—

3. 118 = o> — T AB

A |B | AtB A Bl B |48
* A+B 11T 11 1|
o 10 10 ] 0 0 1 ] 1
o1 |1 0 0 1 1 0 0
1o |1 0 1 0 0 1 0
111 1 0 -
1 1 0 0 0

This shows that NOR gate is equivalent to bubbled AND gate
JLaw2: AB = A+B
This law states that the complement of the product of variables is equal to the sum of

their imdividual complements.

_ A o

AB

IR

Truth Table:-

A B AB A B A B | A+B

0 I 0 0 [ 1 l

0 1 1 0 1 1 0 1

] 5 : 1 0 0 1 1

1 l 5 __1 1 0 0 0 J
This shows that NAND gate is equivalent to bubbled OR gate.



1
1
1
0

NAND Negative-OR

X e X —d —
N+)y = } XY
} y ===

0
0
|
[

0

] 0 0
NOR : Negative-AND 0 o ¥

i 0 0

Fig.(4-15) Gate equivalencies and the corresponding truth tables that

illustrate DeMorgan's theorems.

As stated, DeMorgan's theorems also apply to expressions in which there are
more than two variables. The following examples illustrate the application of

DeMorgan's theorems to 3-variable and 4-variable expressions.

Example

Apply DeMorgan's theorems to the expressions XYZand X + Y +z.
XYZ=X+Y+Z

X+y+Z=XYZ

Example
Apply DeMorgan's theorems to the expressions WXYZ and W + X +y + z.
WXYZ=W+X+y+2Z

WH+X+y+Z2=WXYZ
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Applying DeMorgan's Theorems

The following procedure illustrates the application of DeMorgan's theorems

and Boolean algebra to the specific expression

(A + BC)+ D(E + F)
Step 1. Identify the terms to which you can apply DeMorgan'’s theorems, and
think of each term as a single variable. Let A + BC=Xand DE+F)=Y.

Step 2. Since X +Y = XY,

A+ BC+DE+TF) _ (L_Bé (D(E +F))

Step 3. Use rule 9 (A = ;\_—) to cancel the double bars over the left term (this is

not part of DeMorgan's theorem).

(A +BC) (D(E + F)) = (A + BC)(D(E + F))

Step 4. Applying DeMorgan's theorem to the second term,

(A +BC)(D(E +F)) = (A +BC)(D + (E + F))

Step 5. Use rule 9 (A = X) to cancel the double bars over the E + F part of ¥,

the term. :l

(A+BC)D+E+F)=(A+BC)D+E+F) -~

Example

Apply DeMorgan's theorems to each of the following expressions:

(a) (A+B+C)D (b) ABC + DEF (c) AB + CD + EF

K3
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1-The NAND Gate as a Universal Logic.Element: v : |

(a) A NAND gdte uscd as an inverter

:,4 — AD = _ A —
: ‘ AB _ , AB
B — . _— A —

et (b} Two NAND ;:ams used as an AND pate

1—5 G, o

A+l

| e . ot ';@f’Fg‘L_iﬂﬁaNkNB'ig'atcs“_u.?éd":in‘s"_a*NORi‘g':m;" R

Figiire (9) NAND Gifes



jversal Logic Element:

5-The NCR Gate as a Un

i

{(a) A NOR gate used as an fnverter

B y S - B

(b) Two NOR gates used as an OR gate

=B

A —

e (d) Four NOR gates used ns-i NAND gate

Figure (10) NOR Gtes ~




3.1.Min Term & Max term

Min term means the term that is true for a minimum number of combination of inputs.
That is true for only one combination of inputs. Since AND gate also gives True only when

all of its inputs are true so we can say min terms are AND of input combinations like in the

table given below.

Maxterm means the term or expression that is true for a maximum number of input

combinations or that is false for only one combination of inputs.

For Min term we have

oy A ———

.A—)I,K_)O

; e Min terms of each output is the product of all it’s input

For Max term we have

e« A5 0,A> 1
e Max terms of each output is the sum of all it’s input

Table below shows example of Minterms and Maxterms

|
|

A B | C | Minterm = Maxterm | Output
-0 0 0 A.B.C A+B+C 0
0 0 1 i" "AB.C  A+B+C | 1
| 0 w1—0 "\ A.BC A+B+C 0
0 1 1 AB.C A+B+C | |
10 0 AB.C  A+B+C 0
1_‘ 0 | 1 AB.C  B4B+T 1
T T e e T
gt | l ST EEA e}

To obtain the Boolean expression of the Output we can use either SOP (Sum-of-

Product) or POS (Product-of-Sum) as follows:

e ———— AT

¢ SOP method:

The output is sum of all Minterms for outputs that generate 1 as shown below.

ABC|Y

000]0 A

00 1/1 g e

01 0]|0

01 1|1 F
1000

1011———1 _

1100 b _ Y

11 110 Y= A-B:C + A-B-C + A:B-C

We can write the output as F(A, B, C)=X(1, 3, 5)

19
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* POS method:

The output is sum of all Maxterms for outputs that generate 0 as shown below.

>
v o]
(9]

¥ ———
00o0]o0 Eﬁ,"l”
00 1)1 i
010]0
01 11 ¥
100]fo0
10 11
1100
1110-—* J'

= (A+B+C)-(A+B+C)-(A+B+C)+ (A+B+C)- (A+B+C)

We can write the output as F(A,B, C)=T1(0, 2, 4, 6, 7)

Example: Find a logic expression for:
a. F(A,B,C)=X(1, 4,7)
b. F(A, B, C) =TI1(0, 2, 4, 5)
Answer:

a. First we obtain the truth table of F(A, B, C) = x1,4,7)

ec:mal' C : MmtermOuipﬁt
0 | 0

K_.E.cr

! |
f |
1 i v
| g |
i |

= o og::i»;
——

—_— o‘(:) | S wj

I
-
|
|
|
|
|
|
J
L
|

e L= I — RSN
@l ool

il o

S O =l o e

Pt et
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. b. The truth table of F(A, B, C) =T11(0, 2, 4,5)1s

i
{
]
|
i
f

o o— O Oj

i

" Maxterm | Output |
: |
A+B+C 0

- A+B+C | 0 ]
A+ |
A+B+C |

CA+B+C |

|
|

i H ]
'!»—-_o —_— O =

i : I
_— e -
{

j
I
i

i

1

|

i

i

then
OmwF%A+B+wD(A+§+Q(§+B+Q.@+B+E)

Example: Find a logic expression for: _ )
- ] .g~0‘? "B\?lo"s
a. F(A,B,C,D)=%(1,4,5,8) M

= A

Answer:

'Ou‘cput=K.§.6.0+§.B.E.5+K.B.E.D-FAE.E.D 5.6 P

Omwr4A+B+c+D)(A+B+c+D)(A+B+c+D)(A+B+c+ )

Fagi

P\D‘S g

]
Yo

v

903
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. XOR Gate I
The 'Exclusive-OR' gate is a circuit which will give a high output if either, but .Mt

-OR operation. The XOR gatc has only (wo inputs.

__Truth table for a Two-Input XOR Gate

‘Input - Output _
R e Rty )
)D——Y#\@)B 0 0 o
2] 0 o o
1 0 1
1 1 0

S jmﬁo/

A.;’ ‘
,[;‘orv‘) the 4ruth fable - 4[>o——'—:>——_

X=AB+AB=A@®B - {>§—\—D_'

'XN(I)R Galte

The XNOR gate hds only two iuputs as in the case of XOR pate. The XNOR
gale is the complement of the XOR gate for the same inputs.

A
—1‘:'_‘:\
I o x
B Input Output

Symbe/ A B | X
‘ 0
I
l

—

0
|
0
i.

Frem the truth febl .

X=AB+AB=A0F

. JQC' —

" - 93
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4. Exercises

1. Simplify the following logic expression using simplification rules:

a. X = ABC + ABC + (C + D)(D +E).

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

c. X=(A+B)(A+B+C)C
d- X =ABC +ABC +ABSE

2. For the logic circuits shown below :

a. Write the Boolean expression of X.

b. Simplify the Boolean expression of the logic circuit.

¢. Draw the logic circuit of the simplified expression.

B(418)

D
= >

P D:.
)
I

A—

[.c

B—___J

(i)




@ >

(iii)

3. Design the logic circuit from the truth table shown below by using:
a. SOP.
b. POS.

e

|

|
|

H i i | N
| | |
| ! :

|
I
i
|
|
|
i

4. Design logic circuits with SOP and POS for each of the following;
a. A logic circuit that gives | if the input is odd number (use 3 digit as input).
b. A logic circuit that gives | if the input >= 4 (use 3 digit as input).
¢. A logic circuit that gives | if the input eqﬁals 1,5,8 (use 4 digit as input).




