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Recap: Basic Logic Gates

AND OR
A | B| Output A | B | Output
010 0 010 0
011 0 011 1
1[0 0 110 1
1|1 1 11 1

NAND NOR
A | B| Output A | B| Output
010 1 010 1
011 1 011 0
110 1 110 0
1|1 0 11 0

[Symbolic representation according to the Standard IEEE Std 91/91a-1991]

o el E=1 E=1 S




Consider the following circuit:

2™ input pins

—

M
U
X
_—
_—
//
s, s

L J
Y

n control pins
(selectors)

Based on control pin signals,
Multiplexer sets its ouput to one of its inputs



Multiplexer/Selector: Combinational Logic Circuit

2™ input pins

—

M
U
X
_—
_—
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s, s

L J
Y

n control pins
(selectors)

Based on control pin signals,
Multiplexer sets its ouput to one of its inputs



Multiplexer/Selector: Combinational Logic Circuit

2™ input pins

—

Il \
I,
> \\\
IZ" _—
/
o
s, s

L J
Y

n control pins
(selectors)

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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Iz,lszl
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AND

NOT

‘ AND

-
|

2-to-1 Multiplexer Implementation

11, lfS:O
Iz,lszl



NOT

2-to-1 Multiplexer Implementation

AND

AND

. Il,lfS:O
Q_ Iz,lszl

Verification of correctness:

I, | I, | S| Q
o| o] ol o
1 | o | o | 1
0| 1] 0| o0
1 | 1| o0 | 1
o] 0o | 1| o0
1 | o | 1] o0
o | 1| 1| 1
1 | 1| 1| 1




4-to-1 Multiplexer Implementation

Iy
o b
5
<
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4-to-1 Multiplexer Implementation

Each input pin is connected to
an individual AND logic gate

15



4-to-1 Multiplexer Implementation

51 52

Control pins

JUUU
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4-to-1 Multiplexer Implementation

51 52

Control pins

JUUU
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4-to-1 Multiplexer Implementation

51 52

Control pins

JUUU
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4-to-1 Multiplexer Implementation

51 52

Control pins

JUUU
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4-to-1 Multiplexer Implementation

51 52

Control pins

JUUU
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4-to-1 Multiplexer Implementation

Inputs

51 52

Control pins

U%QU

21



Based on S1 and S2 signals,

4-to-1 Multiplexer Implementation , , ,
output Qs set to one of I1,..., 14 input pins

U%QU
|

51 52

Control pins



4-to-1 Multiplexer Implementation

5 R
)
;" D
< )_ —
I . T\
A A ‘_'_J
S, S, Q=

Control pins

(1,,ifS; =0andS, = 0

< Iz, 1f51 = OandSZ =1

13, 1f51 = 1and52 =0

&14, 1f51 - 1and52 =1

23



4-to-1 Multiplexer Implementation

I L) I4
i
! 12 ? 0
S ’ (1)
o B
c 14
Is T o [ ?
t 1
A | A T -
11,1f51=0and52=0
.y 12, if51=0and52 =1
S1 S, Q= I3, ifS; =1and S, = 0
LI4,if51=1.51ndSz=1

Control pins

24



4-to-1 Multiplexer Implementation

Inputs

I

Control pins

(?)\0
1/
? 0
0
0
1 13
T 1
| ;0
A’_O_J
D P —_—
51 S,

A

(1, ifS; =0and S, = 0
12, lfS]_ = ( and 52 =1
13, lfSl - 1and52 =0

LI4’ ifS;=1and S, =1 .



4-to-1 Multiplexer: NAND-based Implementation

@




Multiplexer

I
I
2™ S
input pins<
Izn

s, ;.

L J
Y

n control pins
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Multiplexer

211
input pins<

s, ;.

L J
Y

n control pins

Demultiplexer

0,
e | _— |
~_ Om
\
\\
e ;

L J
Y

n control pins

S—

2n
output pins

28



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

Demultiplexer

/ 01
0,
e | _— |
T~ Om
\
\\
5 |- ;

L J
Y

n control pins

S—

2n
output pins

29



Demultiplexer

/ 01 -
%
Q / e Zn
i output pins
O
\\\ m i
Based on control pin signals, —~—
demultiplexor sends its input to one of its outputs
Sn 51

L J
Y

All other outputs are set to some

30



2-to-1 Multiplexer 1-to-2 Demultiplexer

— -

Q1

Q>

e [T
}

R

/ \\

S

. 11,1f5=0 Q1=IandQ2=O,ifS=1
Q_ 12,1f5=1 Q1=OandQ2=1,if5=1



Demultiplexer: Transformation

0,
Can be 0,
(IOII Or 111”
- —
0,
[~
Sh 51

L J
Y

n control pins
(selector signals)

- Up to 2™ output pins

Modifications:

1) We keep only control pins, and remove input pin Q;

32



Demultiplexer: Transformation

/

Can be d

(OII 01
!1” 02

(IOH Or 111”

n control pins
(selector signals)

(OH
{O”

'O” Om

o

- Up to 2™ output pins

—

Modifications:
1) We keep only control pins, and remove input pin Q;

2) We set to “1” the output pin, which corresponds to
the values of control pins;
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Demultiplexer: Transformatio

N

o

o
o
1

(o

o
1

” 01
1” 0,
»
»

:)II Om

. 5

L J
|

n control pins
(selector signals)

o

- Up to 2™ output pins

Modifications:
1) We keep only control pins, and remove input pin Q;

2) We set to “1” the output pin, which corresponds to
the values of control pins;

3) We change the shape to a rectangle

34



Decoder

n input pins

—

Up to 2™ output pins

S—

Modifications:
1) We keep only control pins, and remove input pin Q;

2) We set to “1” the output pin, which corresponds to
the values of control pins;

3) We change the shape to a rectangle

35



Decoder

01 _
51 0,
ninput pins - E — | Up to 2™ output pins
s B
| 0w

Decoder function:

- All output pins are set to “0”, except

- The only one pin is set to “1”, which corresponds
to a given combination of inputs

36



Hardware Building Blocks

Multiplexer

Output Q is set to one of
inputs I4, ..., I,n, based
on selectors Sy, ..., S,

Decoder

Based on inputs I4, ..., [n,
some output Q. is setto “1”,
while others Q; with i # x
are set to “0”s

Q1

Q>

Qan

Demultiplexer

“Flipped” Multiplexer:

Some output Q. is set to
input I, while others Q;
with i # x are set to “0”s

Encoder
“Flipped” Decoder:

Only one inputin Iy, ..., Ion
is allowed to be “1”;

For given inputs, there is
a pre-defined set of

outputs Q4, ..., Qn

37



X-to-1 Multiplexer

Based on the values of its n selector (control) pins, a
multiplexer sets the value of its output Q to the value of
one of its X < 2™ inputs

I
—_—
Up to 2™ Q
input pins | T e

_ 11 \
_—

mux mux
51 .. | Sn

\ J
Y

n selector pins

Question: How to construct an X-to-Y Multiplexer?

38



1-to-Y Demultiplexer

Based on the values of its m selector pins, a
demultiplexer outputs its input value Q at one of its
Y < 2™ output pins, while all other output pins are

set to Os
/ 01 —
———>
0
L, 2, _ Upto 2m
output pins
L Oy
————>
'\
\\ _J
Sldemux S%emux

\ J
Y

m selector pins

39



Multiplexer-Demultiplexer Composition

_ ]1
. —
/ 01 —
12 - >
. —
Up to 2™ Q 0, m
input pins | T > — L Up toZ'
output pins
—
- X—) / \\\ B
Slmux S7£r1ux Sldemux S%emux

\ J \ J
Y Y

n selector pins m selector pins




X-to-Y Multiplexer:

Chooses one of its X input pins, and outputs its value at one of its Y output pins,
while all other output pins are reset to Os (usually)

Up to 2™
input pins

—

Control

mux
Sn

Y

Sldemux

pins

L

Up to 2™
output pins
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Hardware Building Blocks

Multiplexer

Output Q is set to one of
inputs I4, ..., I,n, based
on selectors Sy, ..., S,

Decoder

Based on inputs I4, ..., [n,
some output Q. is setto “1”,
while others Q; with i # x
are set to “0”s

Q1

Q>

Qan

Demultiplexer

“Flipped” Multiplexer:

Some output Q. is set to
input I, while others Q;
with i # x are set to “0”s

Encoder
“Flipped” Decoder:

Only one inputin Iy, ..., Ion
is allowed to be “1”;

For given inputs, there is
a pre-defined set of

outputs Q4, ..., Qn
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2-to-4 Decoder Implementation

Iy L
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2-to-4 Decoder Implementation

Iy L
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2-to-4 Decoder Implementation

JUUU
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2-to-4 Decoder Implementation

JUUU
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2-to-4 Decoder Implementation

JUUU
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2-to-4 Decoder Implementation

JUUU
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2-to-4 Decoder Implementation

L
- > O
' P—

t D 0
- .
| —\  0s
t P—

. —\ 0,
' |
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2-to-4 Decoder Implementation

L I
- D O
' P—

t D 9
- .
| —\  0s
t P—
| —\ 0,
t .
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2-to-4 Decoder Implementation

L I
- D O
' P—

t D 9
- .
| —\  0s
t P—
| —\ 0,
t .
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2-to-4 Decoder Implementation

UL
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2-to-4 Decoder Implementation

Iy | I; |01 | Oy | O3 | O4
O[O0 1 0 0 0
01 1

UL
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2-to-4 Decoder Implementation

11 IZ 01 02 03 04
ojo|1|0|0]|oO
o|1|0|1]|0) 0

UL
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2-to-4 Decoder Implementation

I, |L, o, |0, 0,0,
olol 10| 0] o0
ol1/ 0|1 0] o0
1/o0/0|o0]| 10

UL

55



2-to-4 Decoder Implementation

O,
0

03
0

0,
0

0,
1

I

Iy
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Hardware Building Blocks

Multiplexer

Output Q is set to one of
inputs I4, ..., I,n, based
on selectors Sy, ..., S,

Decoder

Based on inputs I4, ..., [n,
some output Q. is setto “1”,
while others Q; with i # x
are set to “0”s

Q1

Q>

Qan

Demultiplexer

“Flipped” Multiplexer:

Some output Q. is set to
input I, while others Q;
with i # x are set to “0”s

Encoder
“Flipped” Decoder:

Only one inputin Iy, ..., Ion
is allowed to be “1”;

For given inputs, there is
a pre-defined set of

outputs Q4, ..., Qn
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4-to-2 Encoder Implementation

58



4-to-2 Encoder Implementation

Assumption by definition:
Exactly one input is set to “1”, while all others are “0”s
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4-to-2 Encoder Implementation

Assumption by definition:
Exactly one input is set to “1”, while all others are “0”s
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Assumption by definition:
Exactly one input is set to “1”, while all others are “0”s
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Exactly one input is set to “1”, while all others are “0”s



4-to-2 Encoder Implementation

Assumption by definition:
Exactly one input is set to “1”, while all others are “0”s
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4-to-2 Encoder Implementation

Assumption by definition:
Exactly one input is set to “1”, while all others are “0”s

o O O |

o O | |O

o | |O | O

= O O O

= | = | O | O

= | O | = | O
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4-to-2 Encoder Implementation

Assumption by definition:
Exactly one input is set to “1”, while all others are “0”s

o O O |

o O | |O

o | |O | O

= O O O

= | = | O | O

= | O | = | O

66



4-to-2 Encoder Implementation

Assumption by definition:
Exactly one input is set to “1”, while all others are “0”s

L |, |1, |1, 0|0,
1/o/ 0|00 o0
o|1/0 |0 01
olol 10|10
ool o| 1|11
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4-to-2 Encoder

One input is set to “1”, while all others are “0”s

2-to-4 Decoder

I, I,
T O
~ >—_J
N
' .
| —\ 03
- >
| — 0,
' .

One output is set to “1”, while all others are “0”s



4-to-2 Encoder 2-to-4 Decoder

Note: These encoder and decoder circuits have symmetric truth tables.
In practice, the requirement of symmetric truth tables might be omitted

UL
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Hardware Building Blocks

Multiplexer

Output Q is set to one of
inputs I4, ..., I,n, based
on selectors Sy, ..., S,

Decoder

Based on inputs I4, ..., [n,
some output Q. is setto “1”,
while others Q; with i # x
are set to “0”s

Q1

Q>

Qan

Demultiplexer

“Flipped” Multiplexer:

Some output Q. is set to
input I, while others Q;
with i # x are set to “0”s

Encoder
“Flipped” Decoder:

Only one inputin Iy, ..., Ion
is allowed to be “1”;

For given inputs, there is
a pre-defined set of

outputs Q4, ..., Qn
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Hardware Building Blocks

Multiplexer

Output Q is set to one of
inputs I4, ..., I,n, based
on selectors Sy, ..., S,

Decoder

Based on inputs I4, ..., [n,
some output Q. is setto “1”,
while others Q; withi # x
are set to “0”s

Q1

Q>

Q2

Demultiplexer

“Flipped” Multiplexer:

Some output Q, is set to
input I, while others Q;
with i # x are set to “0”s

Encoder
“Flipped” Decoder:

Only oneinputin Iy, ..., I5n
is allowed to be “1”;

For given inputs, there is
a pre-defined set of

outputs Q4, ..., Qn
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