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Basic building blocks - Gates 

Inverter
1 !  0
0 !  1

AND
0 + 0 = 0
0 + 1 = 0
1 + 0 = 0
1 + 1 = 1

NAND
0 + 0 = 0
0 + 1 = 1
1 + 0 = 1
1 + 1 = 0

OR
0 + 0 = 0
0 + 1 = 1
1 + 0 = 1
1 + 1 = 1

NOR
0 + 0 = 1
0 + 1 = 0
1 + 0 = 0
1 + 1 = 0

XOR
0 + 0 = 0
0 + 1 = 1
1 + 0 = 1
1 + 1 = 0

XNOR
0 + 0 = 1
0 + 1 = 0
1 + 0 = 0
1 + 1 = 1
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Boolean simplification 

Q = ABC + ABC + ABC
Q = AC(B +B)+BC(A + A)
Q = AC +BC
Q =C(A +B)

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

Q =C(A+B)
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Karnaugh maps 
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Definitions 

! TTL, CMOS 

! Gated Diagram – 

! Block diagram – 

! Combinational logic 
! Sequential logic   
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Decoders 

! Device that decodes an input 
! Multiple input multiple output device 
! n inputs  2n outputs 
! 2n = m where the device is called n-to-m 

decoder 
n

0

1

2n-1

n - to - 2n

or
n - to - m
Decoder

Enable



ELEN2006 - Microprocessors 

Decoder cont. 

! A decoder activates exactly one of its 
outputs based on the input values 

! Example – 2 – 4 bit decoder 
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Decoder cont. 
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Decoder cont. 
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Decoders cont. 
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Encoder 

! Inverse of a decoder 
! 2n inputs  n outputs 
! Only 1 active high input 
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Figure 9: Decoder implementation of a Full Adder 

Encoders 
o An encoder performs the inverse operation of a decoder, as shown in Figure 10. 
o It has 2n inputs, and n output lines. 
o Only one input can be logic 1 at any given time (active input). All other inputs must 

be 0’s. 
o Output lines generate the binary code corresponding to the active input.  

 

 
 
 
 
 

 
Figure 10: A typical Encoder 

Example: Octal-to-binary encoder 
 
We will use 8-to-3 encoder (Figure 11) for this problem, since we have eight inputs, one 
for each of the octal digits, and three outputs that generate the corresponding binary 
number. Thus, in the truth table, we see eight input variables on the left side of the 
vertical lines, and three variables on the right side of the vertical line (table 7).   
 

Inputs Outputs Decimal 
Code 

E7 E6 E5 E4 E3 E2 E1 E0 A2 A1 A0  
0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 1 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 1 1 
0 0 0 0 0 1 0 0 0 1 0 2 
0 0 0 0 1 0 0 0 0 1 1 3 
0 0 0 1 0 0 0 0 1 0 0 4 
0 0 1 0 0 0 0 0 1 0 1 5 
0 1 0 0 0 0 0 0 1 1 0 6 
1 0 0 0 0 0 0 0 1 1 1 7 

Table 7: Truth table of Octal-to-binary encoder  

 
 

2n-to-n 
Encoder 2n Inputs n Outputs 
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Encoders cont 

X0 X1 X2 X3 X4 X5 X6 X7 Y2 Y1 Y0 
1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 1 
0 0 1 0 0 0 0 0 0 1 0 
0 0 0 1 0 0 0 0 0 1 1 
0 0 0 0 1 0 0 0 1 0 0 
0 0 0 0 0 1 0 0 1 0 1 
0 0 0 0 0 0 1 0 1 1 0 
0 0 0 0 0 0 0 1 1 1 1 


