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In this lab, we will discuss the basic gates that are being used for the construction of any digital circuits.  
 
1. The input(s) and output(s) of any digital circuits are binary values, each having one of two possible values; 

which are 0/1 or false/true or low/high. 
2. The digital circuit performs a specific function (or operation) on given set of input values and generates a 

deterministic set of output values. This specific function of circuit can be represented in different ways. 
a. Symbols: Symbolic representation of a circuit. 
b. Logical expression: A logical expression representing the function of the digital circuit. 
c. Truth Table: Finite combination of input and their corresponding output values. 
d. Timing Diagram: Behavior of output over time with respect to the changes in the input. 
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11..11  SSTTAANNDDAARRDD  GGAATTEESS  

1 . 1 . 1  O R  G a t e  

Either of the input is TRUE, output is TRUE. Otherwise output is FALSE. 
Z = A + B 

 
 

1 . 1 . 2  A N D  G a t e  

Either of the input is FALSE, output is FALSE. Otherwise output is TRUE. 
Z = A.B or AB 
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1 . 1 . 3  N O T  G a t e  

Invert the input value. Also called complement or negation of the input. 
     __ 

Z = X ’  or    X 
 

1 . 1 . 4  B u f f e r  

Output same as input value. 
Z = X 
 
11..22  UUNNIIVVEERRSSAALL  GGAATTEESS    

There are certain gates that can be used in different combination to get functionality of all other gates. 

1 . 2 . 1  N A N D  G a t e  

Either of the input is FALSE, output is TRUE. Otherwise output is FALSE. 
       ___    ___  
Z = A.B or AB 
 
 
 
 
 

1 . 2 . 2  N O R  G a t e  

Either of the input is TRUE, output is FALSE. Otherwise output is TRUE. 
       ____ 
Z = A + B 

 
 
 
 
 

 
11..33  OOTTHHEERR  GGAATTEESS  

1 . 3 . 1  E x c l u s i v e  O R  G a t e  

Output is TRUE if inputs are complement of each other. Otherwise output is FALSE. 
 

 
 
 

1 . 3 . 2  E q u i v a l e n c e  G a t e  

Output is TRUE if inputs are identical. Otherwise output is FALSE. 
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22..11  BBAASSIICCSS  

This is an algebraic notation for representing any logical circuit.  
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1. The operator plus (+) is used for representing OR operation. 
2. The operator dot (.) or absence of any operator represents AND operation. 
3. The bar on the top of an expression or character ‘c’ represents complement operation.  

2 . 1 . 1  E x a m p l e  

         ________     _____  
 Z    = [ (A.B) . C ] c  + [ D.E ] c  or  Z    = [ (A.B) . C ]   + [ D.E ]  
 

    
 
22..22  BBOOOOLLEEAANN  AALLGGEEBBRRAAIICC  IIDDEENNTTIITTIIEESS  

 
1. A + 0 =   A 
2. A . 0 = 0 
3. A + 1 = 1 
4. A . 1 = A  
5. A + A = A 
6. A . A = A 
7. A + Ac = 1 
8. A . Ac = 0 
9. ( Ac ) c = A 
 
 
Commutative Property 
10. A + B = B + A    
11. A . B = B . A    
 
 
 
Associative Property 
12. A + ( B + C ) = ( A + B ) + C   
13. A . ( B . C ) = ( A . B ) . C   

 
 
 
 
  
 

 
Distributive Property 
14. A . ( B + C ) =  A.B  + A.C   
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22..33  SSIIMMPPLLIIFFIICCAATTIIOONN  OOFF  BBOOOOLLEEAANN  EEXXPPRREESSSSIIOONN  

Boolean algebra finds its most practical use in the simplification of logic 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 function may be achieved 
with fewer components, the result will be increased reliability and decreased cost of manufacture. 

2 . 3 . 1  E x a m p l e  1 :  P r o v e  A + A . B  =  A   

 
 
 
 
 
 
 
 
 
 
 

2 . 3 . 2  E x a m p l e  2 :  P r o v e  A + A c B   =  A + B   

 
 
 
 
 
 
 
 
 
 
 
 

2 . 3 . 3  E x a m p l e  3 :  P r o v e  ( A + B ) ( A + C )  =  A  +  B C   
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