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Digital circuits 

DIGITAL ELECTRONICS AND LOGIC GATES 

Analogue and Digital signals: 

 Those electrical signals or wave forms in which electric current or voltage varies continuously with 

time are called analog signals or wave forms. Wave forms (Sine wave) shown in fig. 1 (a) is called analog 

signals. Electronic circuits in which continuous, time-varying signals are used are called analog circuit. 

Electronics circuits like amplifiers, oscillators, and rectifier are such analog circuits. 

 Electrical signals which have only two discrete levels of current or voltage (0 for Low and 1 for High) 

are called digital signals or digital wave form. Wave forms (Pulsating wave form) shown in fig. 1 (b) is called 

digital signals. Electronic circuits in which the current and voltage signals have only two levels (either ON or 

OFF) are called digital circuit. Logic gates are the digital circuits. 

 

 

 

 

 

 

 

Logic gates: 
A logic gate is an electronic circuit which performs logic functions or takes a logic decision. It has one 

or more inputs and only one output. These gates allow the signal to pass through only when some logical 

conditions are satisfied, so they are called logic gates.  

 

Logic gates can be classified into two: 

1. Fundamental gates 

(i) OR-Gate (ii) AND- Gate (iii) NOT- Gate 

2. Derived gates: 

(i). NOR-Gate (ii) NAND- Gate (iii) EX-OR Gate (iv) EX-NOR Gate 

In the derived gates, NAND and NOR gates are called as Universal Gates because any other logic gates can be 

constructed only by using either NAND or NOR gate. 

OR Gate 
An OR gate has two or more inputs with one output. The logic symbol and truth table are shown in 

figure. The output Y is 1 when either input A or input B or both are 1s, that is, if any of the input is high, the 

output is high. The Boolean equation (Logic equation) of OR gate is  

BAY         
 

 

 

AND Gate 

Fig. 1(a) 

Fig. 1(b) 

Truth Table 

A B BAY   

0 0 0 

0 1 1 

1 0 1 

1 1 1 
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An AND gate has two or more inputs and one output. The output Y of AND gate is 1 only when input 

A and input B are both 1. The logic symbol and truth table for this gate are given in figure. The Boolean 

equation (Logic equation) of AND gate is  

BAY         
 

 

 

 

NOT gate 
The NOT gate has only one input and one output. It produces a ‘1’ output if the input is ‘0’ and vice-

versa. That is, it produces an inverted version of the input at its output. This is why it is also known as an 

inverter. The commonly used symbol together with the truth table for this gate is given in figure and the 

Boolean equation (Logic equation) of NOT gate is  

AY  
 

 

 

  

 

NOR gate 
The logic gate in which the output of the OR gate is given to the input of NOT gate (as shown in fig. 

1.a) is called the NOR gate. The logic symbol and truth table for this gate are given in fig. 1(b) and fig. 1(c) 

respectively. The Boolean equation (Logic equation) of OR gate is  

BAY       

 

  

 

 

 

 

  

 

NAND gate 

Truth Table 

A B BAY   

0 0 0 

0 1 0 

1 0 0 

1 1 1 

 

Truth Table 

A AY  

0 1 

1 0 

 

Truth Table 

A B BAY   

0 0 1 

0 1 0 

1 0 0 

1 1 0 
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Fig. 1(a) 

The logic gate in which the output of the AND gate is given to the input of NOT gate (as shown in fig. 

1.a) is called the NAND gate. The logic symbol and truth table for this gate are given in fig. 1(b) and fig. 1(c) 

respectively. The Boolean equation (Logic equation) of NAND gate is  

BAY       

 

 

 

 

 

 

 

 

EX-OR gate 
The logic gate in which the OR, AND and NOT gates are connected as shown in fig. 1. (a) is called the 

Exclusive OR gate (abbreviated as X-OR gate). The logic symbol and truth table for this gate are given in fig. 

1(b) and fig. 1(c) respectively. The Boolean equation (Logic equation) of X-OR gate is  

BABABAY       

 

 

 

 

 

 

 

 

 

 

EX-NOR gate 

Truth Table 

A B BAY   

0 0 1 

0 1 1 

1 0 1 

1 1 0 

 

Fig. 1(b) 

Truth Table 

A B A  B  BA  BA  BABABAY   

0 0 1 1 0 0 0 

0 1 1 0 1 0 1 

1 0 0 1 0 1 1 

1 1 0 0 0 0 0 
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The logic gate in which the output of the EX-OR gate is given to the input of NOT gate (as shown in 

fig. 1.a) is called the EX-NOR gate. The logic symbol and truth table for this gate are given in fig. 1(b) and 

fig. 1(c) respectively. The Boolean equation (Logic equation) of EX-NOR gate is  

BAY   

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

Problems: 

Truth Table 

A B A  B  BA  BA  BABABAY   BAY   

0 0 1 1 0 0 0 1 

0 1 1 0 1 0 1 0 

1 0 0 1 0 1 1 0 

1 1 0 0 0 0 0 1 
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1. Justify the output waveform (Y) of the OR gate, AND gate, NOT gate, NOR gate, and NAND gate for the 

following inputs A and B given in figure. 

Solution Note the following: For OR gate: 

• At t < t1;  A = 0, B = 0; Hence Y = 0 

• For t1 to t2;  A = 1, B = 0; Hence Y = 1 

• For t2 to t3;  A = 1, B = 1; Hence Y = 1 

• For t3 to t4;  A = 0, B = 1; Hence Y = 1 

• For t4 to t5;  A = 0, B = 0; Hence Y = 0 

• For t5 to t6;  A = 1, B = 0; Hence Y = 1 

• For t > t6;  A = 0, B = 1; Hence Y = 1 

Therefore the waveform Y will be as shown in the figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Sketch the output Y from a NAND gate having inputs A and B given below: 

     Y 
 NOT for Input A  

AND Gate 
Y 

(Output) 

OR Gate 
Y 

(Output) 

B 

(Input) 

A 

(Input) 

t1     t2  t3      t4 t5    t6 
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Solution 

• For t < t1; A = 1, B = 1; Hence Y = 0 

• For t1 to t2; A = 0, B = 0; Hence Y = 1 

• For t2 to t3; A = 0, B = 1; Hence Y = 1 

• For t3 to t4; A = 1, B = 0; Hence Y = 1 

• For t4 to t5; A = 1, B = 1; Hence Y = 0 

• For t5 to t6; A = 0, B = 0; Hence Y = 1 

• For t > t6; A = 0, B = 1; Hence Y = 1 

 

 

 

 

 

 

 

 

 

Boolean algebra: 
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