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𝑛 control pins
(selector signals)
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Based on control pin signals,
Multiplexer sets its ouput to one of its inputs
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Consider the following circuit:

2! input pins
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Multiplexer (or Selector): Combinational Logic Circuit
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Multiplexer (or Selector): Combinational Logic Circuit

…

…

𝑛 control pins
(selector signals)

2! input pins
𝑸
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𝑰𝟐𝒏
Based on control pin signals,
Multiplexor sets its ouput to one of its inputs
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2-to-1 Multiplexer Implementation
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𝑸

𝑰𝟏

𝑰𝟐

𝑺 𝑸 = #𝑰𝟏, 	if	 𝑺 = 𝟎	
𝑰𝟐,	if	 𝑺 = 𝟏

2-to-1 Multiplexer Implementation



8

𝑸

𝑰𝟏

𝑰𝟐

𝑺 𝑄 = #𝐼%, 	if	 𝑆 = 0	
𝐼&,	if	 𝑆 = 1

OR

AND

AND

NOT

2-to-1 Multiplexer Implementation
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𝑸

𝑰𝟏

𝑰𝟐

𝑺

AND

AND

𝑄 = #𝐼%, 	if	 𝑆 = 0	
𝐼&,	if	 𝑆 = 1

OR

AND
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NOT

Verification of correctness:

𝑰𝟏 𝑰𝟐 𝑺 𝑸

0 0 0 0

1 0 0 1

0 1 0 0

1 1 0 1

0 0 1 0

1 0 1 0

0 1 1 1

1 1 1 1

2-to-1 Multiplexer Implementation
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4-to-1 Multiplexer Implementation
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Each input pin is connected to 
an individual AND logic gate
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4-to-1 Multiplexer Implementation



16

In
pu

ts

Control pins

In
pu

ts

𝐼#

𝐼$

𝐼%

𝐼&

𝑆# 𝑆$

4-to-1 Multiplexer Implementation
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Control pins
𝑆# 𝑆$

4-to-1 Multiplexer Implementation
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Control pins
𝑆# 𝑆$
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Control pins

𝑄

𝑆# 𝑆$

4-to-1 Multiplexer Implementation
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In
pu

ts

Control pins

𝑄

Based on S1 and S2 signals,
output Q is set to one of I1,…, I4 input pins

𝑆# 𝑆$

4-to-1 Multiplexer Implementation
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In
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Control pins

𝑄

𝑸 =

𝑰𝟏, 	if	𝑺𝟏 = 𝟎	and	𝑺𝟐 = 𝟎
𝑰𝟐, 	if	𝑺𝟏 = 𝟎	and	𝑺𝟐 = 𝟏
𝑰𝟑, 	if	𝑺𝟏 = 1	and	𝑺𝟐 = 𝟎
𝑰𝟒, 	if	𝑺𝟏 = 1	and	𝑺𝟐 = 𝟏

𝑆# 𝑆$

4-to-1 Multiplexer Implementation
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Control pins

𝑄
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𝑄 =

𝑰𝟏, 	if	𝑺𝟏 = 𝟎	and	𝑺𝟐 = 𝟎
𝐼&, 	if	𝑆' = 0	and	𝑆& = 1
𝐼(, 	if	𝑆' = 1	and	𝑆& = 0
𝐼), 	if	𝑆' = 1	and	𝑆& = 1
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4-to-1 Multiplexer Implementation
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Control pins

𝑄

𝑄 =

𝐼', 	if	𝑆' = 0	and	𝑆& = 0
𝐼&, 	if	𝑆' = 0	and	𝑆& = 1
𝑰𝟑, 	if	𝑺𝟏 = 1	and	𝑺𝟐 = 𝟎
𝐼), 	if	𝑆' = 1	and	𝑆& = 1
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4-to-1 Multiplexer Implementation



26

4-to-1 Multiplexer: Implementation through NAND (Universal) Gates
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Multiplexer

…

…

𝑛 control pins
(selector signals)

2! input pins
𝑄

𝐼'
𝐼&

𝑆' 𝑆*

𝐼&"
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Multiplexer

…

…

𝑛 control pins
(selector signals)

2! input pins
𝑄

𝐼'
𝐼&

𝑆' 𝑆*

𝐼&"

…

…

𝑛 control pins
(selector signals)

Up to 2! output pins𝑄

𝑂'
𝑂&

𝑂+

𝑆'𝑆*

Demultiplexer
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…

…

𝑛 control pins
(selector signals)

𝑄

𝑂'
𝑂&

𝑂+

𝑆'𝑆*

Demultiplexer

Based on control pin signals,
demultiplexer sends its input to one of its outputs

Up to 2! output pins
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…

…

𝑛 control pins
(selector signals)

𝑄

𝑂'
𝑂&

𝑂+

𝑆'𝑆*

Demultiplexer

Based on control pin signals,
demultiplexor sends its input to one of its outputs

All other outputs are set to some 
default value (e.g. “0”)

Up to 2! output pins
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2-to-1 Multiplexer

𝑄 = 4𝐼', 	if	 𝑆 = 0	
𝐼&,	if	 𝑆 = 1

𝐼#

𝐼$
𝑄

𝑆

𝐼

𝑆

𝑄#

𝑄$

𝑄' = 𝐼	and	𝑄& = 0,	if	𝑆 = 1	
𝑄' = 0	and	𝑄& = 𝐼,	if	𝑆 = 1	

1-to-2 Demultiplexer


