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Chapter-3
LOGIC GATES

» Introduction:
Gate: A Gate is a simply an eectronic circuit which operates on one or more input signals and
always produces an output signal.
Gates are digital (two state) circuits because the input and output signals are either low voltage (0) or
high voltage (1).
Gates are often called logic circuits because they can be analyzed with Boolean algebra.

Gates are classified into two types:

Logic gates
|
v v
Basic Gates Derived Gates
A \ 4 A \ 4 \ 4
NOT AND OR NOR NAND XOR XNOR

> Basic Gates:

» NOT Gate:
A NOT gate has only one input and one output.
The output state is always the opposite of the input state.
A NOT Gateisaso caled as I nverter gate, because the output is not same as the input.
The output is sometimes called the complement (opposite) of the inpuit.

Thelogical symbol and the truth table of NOT gate are given below.

x i |
X X 0 1
1 0

» OR Gate:
A OR gate has two or more input signal but only one output signal.
If any of theinput signalsis 1 (high), then the output is 1 (high).
Thelogical symbol for two-input OR gate and the truth table is given below.
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X Y F = X+Y
X F=X+Y 0 0 0
0 1 1
Y 1 0 1
1 1 1
> AND Gate:

A AND gate has two or more input signal but only one output signal.
When dl the input signals are 1 (high), the output is 1 (high), otherwise the output is 0.
Thelogical symbol for two-input AND gate and the truth table is given below.

X Y F=X.Y
X — F=X.Y 0 0 0
0 1 0
Y 1 0 0
1 1 1
> NOR Gate;

A NOR gate has two or more input signal but only one output signal.

The NOR gate is a complemented of OR gate.

The output of NOR gate will be 1 only when all inputs are 0 and output will be O if any input
representsal.

NOR is short form of NOT-OR.

The symbol }is used to represent aNOR operation. So %% can bewrittenas X NOR Y or X |

The logica structure shows an OR gate and NOT gate. For input X and Y, the output of the OF«s:11e

will be X+Y which is fed as input to the NOT gate. So the output of NOR gate is given by 77 77Y
whichisequal to X .Y

X F=X+Y F = Wiy
Y

Thelogical symbol for two-input NOR gate and the truth talm given below.

' X | Y | Z|F=

X F=mg |0 ] 0] 0 1

—=] 0] 0] 1 0

Y 0ol1]o0 0

X Y T F= 011 0

o [ o 1 o1 o
0 1 0

1 0 0 11110 0

1 1 0 1]1]1 0
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» NAND Gate:
A NAND gate has two or more input signal but only one output signal.
The NAND gate is acomplemented of AND gate.

The output of NAND gate will be 0 only when all inputs are 1 and output will be 0 if any input
represents a 0.

NAND is short form of NOT-AND.

e logical structure shows an AND gate and NOT gate. For input X and Y, the output of the OR
reene will be X .Y which 1s fed as input to the NOT gate. So the output of NAND gate is given by

x—ﬁ F=X.Y H>@7F:""'F
Y | /

Thelogica symbol for two-input NAND gate and the truth te ¢ is given below.

Rk lolo|X
R|OIRr o<

Ol Rk |:

RRR R O|lOO|o|X
RRr|lOoOo|R|Ir oo

ROR| ORI O|IFrIOIN

OlR R R IR R RkRF

» XOR (Exclusive-OR) Gate:

An exclusive-OR has two or more input signal but only one output signal.
Exclusive-OR gate is different form of OR gate.
Exclusive-OR gate produces output 1 for only those input combinations that have odd number of 1’s.
The output is 0 if there are even number of 1’s in the input.
The output is 1 if there are odd number of 1’s in the input.
In Boolean algebra, © sign stands for XOR operation. Thus X XOR'Y can be written as XOY
If the output is given by:
F=XO6Y
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F=XY+ XY
The XOR gate has a symbol similar to OR gate, except the additional curved line of the input side.

X F=XOY=XY+XY
Y

The following truth table illustrates X OR operation for 2 and 3 inputs.

Number I nput Output Number _
ofl's | x Y [F=x0Y ofl's | X | Y | Z F=Xevyez
EVEN 0 0 0 EVEN 0|l o] o 0
ObD 0 1 1 ODD 0 o 1 1
ODD 1 0 1 OoDD ol 110 1
EVEN 1 1 0 EVEN 0| 1] 1 0
ObD 1,00 1
EVEN 1 %0 | 4 0
EVEN h | Ao 0
ODD 1 1 1 1

» XNOR (Exclusive-NOR) Gate:
The XNOR gate is complement of XOR gate.
The output of XNOR is 1 only when the logic values of both X and Y is same i.e. either both are
equal to 1 or both are 0.
Its output is O when its inputs are different.
In Boolean algebra, © sign stands for XNOR operation. Thus X XNOR Y can bewrittenas X O Y
If the output is given by:
F=X0OY
F=XY + [[i7
The XNOR gate has asymbol similar to NOR gate, except the additional curved line of theinput side.

X F=XOY=XY + XY
Y

The following truth table illustrates X OR operation for 2 and 3 inputs.

Number I nput Output Number -
ofl's | X Y | F=x 0V ofl's | X | Y | Z F=xo0ovyoz
EVEN 0 0 1 EVEN 0O 0 O 1
ODD 0 1 0 ODD ol ol 1 0
ODD 1 0 0 ODD ol 1] o0 0
EVEN 1 1 1 EVEN o 1 | 1 1
ODD 1 0 0 0
EVEN 1 0 | 1 1
EVEN 1110 1
ODD 1 1 1 0
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» Universal Gate (NAND & NOR):

Universal gateis a gate using which all the basic gates can be designed.
NAND and NOR gate re called as Universa Gates, because all the Boolean functions can aso be
implemented using these two gates.

NAND and NOR gates are more popular as these are less expensive and easier to design.
» Realization of all basic gates using NAND gate:

» NAND toNOT:

In the figure we have two input NAND gatessshose inputs are purposely connected together so that
the same input is applied to both.

i KoK =X
X_ D

Fromthediagram X NAND X =

X.X
= X+ X /I DeMorgan’s 2™ Theorem
= X X+ X=X

Inverted Input = NOT gete

» NAND to AND:
In the figure we have two NAND gatesssmnnected so that the AND amesrations is performed.
NAND gate 2 isused as aNOT gate.

X F =il — F=l77=XY
y —d I

Fromthediagran X NANDY =F1= [ 'Y
F2 il . F1

|
ir nEELy |
—

/I DeMargan's 2" Theorem
X+ X=X

I
= =

F2

I
>
Z
O

Q
2
o

» NAND to OR:
The OR operation can be implemented using NAND gates connected as shown in figure.
NAND gate 1 and NAND gate 2 are used as NOT to invert the inputs.

} Fa=X.¥ =X+Y
F=¥ ——
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From the diagram X NAND Y

F1 = Ia'=X + X=X

P> = WY “Y¥+7Y=Y

Fs = F1.F2
= F1 + F2  //DeMorgan’s 2™ Theorem
=  T+¥ X=XandV=Y

F = X +Y
= OR gate

» Realization of all basic gatesusing NOR gate:

» NOR to NOT:
Figure shows that NOR gate with itsinputs ceme==cted together behaves asa NOT gate.

F = R = X
]

+ X

X /I DeMorgan’s 1% Theorem
X.X=X

Inverted Input = NOT gete

From the diagram X NOR X

I
E

» NOR to AND:
The AND operation can be implementad with NOR gate as shown in figure. Here NOR gate 1 and
NOR gate 2 are used as NOT gate to invert inputs.

F]_:K
X _Di

From the diagram X NOR Y

= = e X X=X

F = W =Y. Y=Y

Fs = F1+ F2
= F1.F2 Il DeMorgan’s 1" Theorem
= ¥.¥ X=XandV=Y

Fs = X.Y
= AND gate
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> NAND to OR:
In the figure two NOR gates are arranged so that the OR operation is performed.
NOR gate 2 isused as NOT gate.

X F, = NI =i ¥=X+Y
Y L

From the diagram X NOR Y

F1 = el

F = BFF

F, = TR // DeMorgan’s 1% Theorem
= WY =X

F> = X +Y
= OR gate

» Designing of Logic Circuit using all basic gates::

» Designing of Logic Circuit usng NAND and NOR gates:\

CHAPTER - LOGIC GATESBLUE PRINT
VSA (1 marks) LA (3 Marks) - Total
01 Question 01 Question - 02 Questions
Question No 1 Question No 20 - 04 Marks
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