
LOGIC GATES

Logic gates are the fundamental, physical building blocks of digital electronics, acting as
switches that perform Boolean logical operations on binary inputs ( or ) to produce a single,
specific output. Primarily implemented using transistors or MOSFETs, they are crucial for
designing combinational (adders, multiplexers) and sequential circuits (flip-flops, counters) in
modern computing and electronic devices.
Key Aspects of Digital Logic Gates:

 Seven Basic Gates: AND, OR, NOT, NAND, NOR, XOR, and XNOR are the core types.

 Universal Gates

NAND and NOR are known as universal gates because any other gate type or Boolean
function can be implemented using only these, which is key for reducing circuit complexity

 Truth Tables: Define the output behavior for every possible combination of inputs.

 Boolean Algebra: Mathematical framework used to model, simplify, and analyze the logic
performed by these circuits.

Applications & Importance in Engineering (e.g., GATE Exam):
 Data Manipulation: Essential for processing binary data in microprocessors and ALUs.

 Memory Storage: Used to build flip-flops and latches for storing bits.

 Circuit Optimization: In digital design, minimizing the number of gates (particularly using
NAND/NOR) is crucial to reduce cost, power consumption, and board space.

Common Logic Gate Behaviors:
 AND: Output is

only if all inputs are

 OR: Output is

if at least one input is

 NOT: Inverts the input (0 to 1, or 1 to 0).

 NAND/NOR: Inverse of AND/OR, respectively.

 XOR: Output is 1 if inputs are different.
 XNOR: Output is 1 if inputs are the same.

https://www.google.com/search?q=Universal+Gates&rlz=1C1UEAD_enIN1132IN1132&oq=WHAT+IS+GATES&gs_lcrp=EgZjaHJvbWUqBwgCEAAYgAQyBwgAEAAYgAQyBwgBEAAYgAQyBwgCEAAYgAQyBwgDEAAYgAQyBwgEEAAYgAQyBwgFEAAYgAQyBwgGEAAYgAQyBwgHEAAYgAQyBwgIEAAYgAQyBwgJEAAYgATSAQo3ODE2NmowajE1qAIMsAIB8QXXkw33qEG8Dg&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiy7NP5xZSTAxVMSWwGHR9TJ7gQgK4QegYIAQgAEA0


Logic Gates

Logic gates are the fundamental building blocks in digital electronics.
 Used to perform logical operations based on the inputs provided to it and gives

a logical output that can be either high(1) or low(0).
 The operation of logic gates is based on Boolean algebra, or mathematics.
 There are basically seven main types of logic gates that are used to perform

various logical operations in digital systems.
 By combining different logic gates, complex operations are performed, and

circuits like flip-flops, counters, and processors are designed. In this article, we
will see various types of logic gates in detail.

 Logic gates find their uses in our day-to-day lives, such as in the architecture of
our telephones, laptops, tablets and memory devices.

Types of Logic Gates
Logic gates can be broadly classified into three main categories :
AND GATE
An AND gate is used to perform logical Multiplication of binary input. The Output
state of the AND gate will be high (1) if both the input is high (1), else the output
state will be low(0) if any of the input is low (0).
The Boolean Expression or logic for the AND gate is the logical multiplication of
inputs denoted by a full stop or single dot as :
X = A.B
The value of X will be True when both the inputs will be True.

Properties of AND Gate

The following are two main properties of the AND gate:
1. AND gate can accept two or more than two input values at a time.
2. When all of the inputs are logic 1, the output of this gate is logic 1.
OR GATE
OR GATE is most widely used digital logic circuit. The output state of OR gate will
be high i.e., (1) if any of the input state is high or 1, else output state will be low
i.e., 0.
The Boolean Expression for the OR gate is the logical addition of inputs denoted
by plus sign (+) as
X= A+B
The value of X will be high(true) when one of the inputs is set to high (true).

https://www.geeksforgeeks.org/digital-logic/boolean-algebra/
https://www.geeksforgeeks.org/digital-logic/and-gate/
https://www.geeksforgeeks.org/digital-logic/or-gate/


Properties of OR Gate

An OR gate have the following two properties:
1. It can have two or more input lines at a time.
2. When all of the inputs to the OR gate are low or logic 0, the output of it is low or

logic 0.
NOT GATE
In digital electronics, the NOT gate is one of the basic Logic Gate having only a
single input and a single output. It is also known as inverter or inverting buffer.
When the input signal is "low" the output signal is "high" and vice-versa.
The Boolean expression of NOT Gate is as follows
Y = Ā or
Y = A’
the value of Y will be high when A will be low.

Properties of NOT Gate

 The output of a NOT gate is complemented or inverse of the input applied to it.
 NOT gate takes only one output.
NOR GATE
The NOR gate is the type of universal logic gate. It takes two or more inputs and
gives only one output. The output state of the NOR gate will be high (1) when all
the inputs are low (0). NOR gate returns the complement result of the OR gate. It is
basically a combination of two basic logic gates i.e., OR gate and NOT gate.
The Boolean expression of NOR gate is as follows:
If A and B are considered as two inputs, and O as output, then the expression for a
two input NOR gate will be

O = (A + B)’
The value of O will be true when all of its inputs are set to 0.

Properties of NOR Gate

The following are two important properties of NOR gate:
1. A NOR gate can have two or more inputs and gives an output.
2. A NOR gate gives a high or logic 1 output only when it's all inputs are low or

logic 0.
NAND GATE
The NAND Gate is another type of Universal logic gate. The NAND gate or "Not
AND" is the combination of two basic logic gates AND gate and the NOT gate
connected in series. It takes two or more inputs and gives only one output. The

https://www.geeksforgeeks.org/digital-logic/not-gate/
https://www.geeksforgeeks.org/digital-logic/universal-logic-gates/
https://www.geeksforgeeks.org/digital-logic/nor-gate/
https://www.geeksforgeeks.org/digital-logic/universal-logic-gates/
https://www.geeksforgeeks.org/digital-logic/what-is-nand-gate/


output of the NAND gate will give result high (1) when either of its input is high (1)
or both of its input are low (0). In simple, it performs the inverted operation of AND
gate.
The Boolean Expression of NAND Gate is as follows
Say we have two inputs, A and B and the output is called X, then the expression is

X = (A. B)’

Properties of NAND Gate

The following are the two key properties of NAND Gate
 NAND gate can take two or more inputs at a time and produces one output

based on the combination of inputs applied.
 NAND gate produces a low or logic 0 output only when its all inputs are high or

logic 1.
XOR GATE
In digital electronics, there is a specially designed logic gate named, XOR gate,
which is used in digital circuits to perform modulo sum. It is also referred to
as Exclusive OR gate or Ex-OR gate. it is used extensively in arithmetic logic
circuits., logic comparators and error detection circuits. The XOR gate can take
only two inputs at a time and give an output. The output of the XOR gate is high (1)
only when its two inputs are dissimilar i.e., if one of them is low (0) then other one
will be high (1).
Say we have two inputs, A and B and the output is called X, then the expression is
The Boolean expression of XOR Gate is as follows

X = A’B + AB’

Properties of XOR Gate

The following two are the main properties of the XOR gate:
 It can accept only two inputs at a time. There is nothing like a three or more

input XOR gate.
 The output of the XOR gate is logic 1 or high, when its inputs are dissimilar.
XNOR GATE
The XNOR is the combination of XOR gate and NOT gate. The output of the XNOR
gate is high(1) when both the inputs are high (1) or low(0). In other words, the
output of the XNOR gate is high(1) when both the inputs are the same. the XNOR
gate can sometimes be called as Equivalence gate. In simple words, The XNOR
gate is the complement of the XOR gate.
The following is the Boolean expression of the XNOR gate,

https://www.geeksforgeeks.org/digital-logic/xor-gate/
https://www.geeksforgeeks.org/digital-logic/xnor-gate/


Y = A ⊙ B

Here, A and B are the input variables and Y is the output variable.
This expression can also be written as follows,

Y = AB + A’B’
We can also express the operation of an XNOR gate using XOR gate logic as
follows:

Y = (A ⊕ B)’

Properties of XNOR Gate

The following are two key properties of XNOR gate:
 XNOR gate takes only two inputs and produces one output.
 The output of the XNOR gate is high or logic 1 only when it has similar inputs.


