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Q = EnS’D0+ EnSD1
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Q = EnS’D0+ EnSD1
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Q = EnS1’S0’D0 + EnS1’S0D1 + EnS1S0’D2 + EnS1S0D3
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Q = EnS1’S0’D0 + EnS1’S0D1 + EnS1S0’D2 + EnS1S0D3
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Implementing Functions with Multiplexers

Prof. Laxmikant Kale - university of illinois at urbana-champaign - Computer Sciences
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Demultiplexer

Demultiplexer 

 Given an input line and a set of selection lines, the 

demultiplexer will direct data from input to a selected 

output line.

 An example of a 1-to-4 demultiplexer:

S1 So Y0 Y1 Y2 Y3

0 0 D 0 0 0

0 1 0 D 0 0

1 0 0 0 D 0

1 1 0 0 0 D

demuxData D

Outputs

select

S1 S0

Y0 = D.S1'.S0'

Y1 = D.S1'.S0

Y2 = D.S1.S0'

Y3 = D.S1.S0
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Demultiplexer … 

 Takes one input

 Out to one of 2n possible outputs
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Decoder 
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Decoders with Enable23

Decoders with Enable …

 Decoders often come with an enable signal, so that the 
device is only activated when the enable, E=1.

 Truth table:

E S1 S0  Q0 Q1 Q2 Q3 

1 0 0  1 0 0 0 

1 0 1  0 1 0 0 

1 1 0  0 0 1 0 

1 1 1  0 0 0 1 

0 X X  0 0 0 0 
 

 

Q0 = ES1'S0'

Q1 = ES1'S0

Q2 = ES1S0'

Q3 = ES1S0

S1 S0 E

 Circuit:



Demultiplexer24

Demultiplexer Vs Decoder …

 The demultiplexer is actually identical to a 

decoder with enable, as illustrated below:

Exercise: Provide the truth table for above demultiplexer.

2x4 

Decoder

D

S1

S0

Y0 = D.S1'.S0'

Y1 = D.S1'.S0

Y2 = D.S1.S0'

Y3 = D.S1.S0E
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Implementing Functions with Decoder
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Decoders: Implementing Functions

3x8

Dec

S2

S1

S0

x

y

z

0

1

2

3

4

5

6

7

S

C

x y z C S

0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1 0 1 1 0

1 1 0 1 0

1 1 1 1 1

1

0

0

0

0

0

0

0

0

0

0

0

0

Example: Full adder
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Decoders: Implementing Functions …

3x8

Dec

S2

S1

S0

x

y

z

0

1

2

3

4

5

6

7

S

C

x y z C S

0 0 0 0 0

0 0 1 0 1

0 1 0 0 1

0 1 1 1 0

1 0 0 0 1

1 0 1 1 0

1 1 0 1 0

1 1 1 1 1

0

0

0

0

0

0

0

1

1

1

1

1

1



Encoder

 Encoder is the opposite of decoder

 2n inputs or less and n outputs

 Example: Decimal to BCD

 10 inputs : I0, I1, I2, I3, …, I9

 4 output lines
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Example: Designing an Octal to binary Encoder

Inputs: 8 (D7 … D0)

Outputs: 3 (A2 … A0) 

Truth Table:
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Encoder …



Inputs are Minterms

 Can OR the minterms appropriately to get each of the outputs 

A0, A1, A2

 Example: A0 = D1 + D3 + D5 + D7
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Encoder …
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Generating Outputs using OR of Minterms

 A0 = D1 + D3 + D5 + D7

 A1 = D2 + D3 + D6 + D7

 A2 = D4 + D5 + D6 + D7
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