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Abstract

The objective of this paper is designing a 16:1 multiplexer using logic
gates and CMOS logic. In this research, we have investigated the delay
and power modulations of 16:1MUX. This demonstrates that the
CMOS technique takes lead as it uses decreased number of transistors,
have less capacitances and faster than others. In this research a
comparative work is done and made the simulated results and it
illustrates the superior nature of CMOS logic design and it dissipates
very decreased power and delay. The simulations for the proposed
model are done by using Synopsys tool HSPICE under 32 nm BSIM 4
model card for bulk CMOS technology of PTM model and examined
the results with varying voltages. The minimum and maximum delay
and power dissipation results are 68.82ps, 92.16ps and 103.96uW,
1471.4pW respectively. The overall transistor count we got in the
Multiplexer is 282 and this is simulated and we got output waveforms
of the MUX by using the advanced tool called HSPICE and they are
represented in the results section.
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1. INTRODUCTION

Currently multiplexer has major role in the field of the
communication. So, there is a need of designing a less area, low
power and high-speed multiplexer. Multiplexer is a digital
component which is used as a data selector [1]. Multiplexer is
used for building a combinational circuit [2]. Multiplexer is also
termed as MUX [3]. Multiplexer generates one of the inputs as
output based on the given selection line. Multiplexer is a digital
component transmits multiple data on a common transmission
medium.

Multiplexer has many inputs with single output [4].
Multiplexer is used as time division multiplexer; the selected data
is transmitted at a particular instant of the time. Multiplexer has
2" inputs and n selection lines. Based on the selection lines it
provides one output from given 2" inputs [9]. Multiplexer is used
to transmit audio and video signals. Telephone network uses
multiplexer to transmit the desire audio to the receiver. It connects
many users on single transmission channel [14]. Based on the
requirement of the low power and high-speed device in many
applications, a 16x1 multiplexer is designed.

The research paper is a general overview on advanced system
of multiplexer 16:1. This research paper has a brief introduction
about an electronic gadget called multiplexer. A MUX or data
selector is a device that is having the ability of taking two or more
data lines and changing them, into a unique data line for
transmission to another resource [15]. 16x1 multiplexer is
introduced by using the basic multiplexer concepts: For example,
if we start with the 2:1 MUX circuit. It has one output, two inputs
and one selection input. The way we are selecting the particular
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input logic is maintained by a set of defined lines. This defined
line determines which of the input bit is transferred to the output
[1]-[4]. Here in this modification, we are implementing a 16:1
MUX with logic gates and when we have analysed the output with
some power, delay and PDP, the count of the transistors came out
as 282.

This paper is presented as: Section 2 is literature survey,
section 3 is the explanation of the different types of the
multiplexers, section 4 is the proposed design, section 5 is
simulation results and section 6 is conclusion of the paper.

2. LITERATURE SURVEY

2x1 multiplexer is a two-input block with one output, one
selection line and one enable signal which makes the block to
work when it is at logic 1. The operation of the 2x1 is understood
by observing the truth table of 2x1 multiplexer [1]. 2x1
multiplexer is designed with 10 transistors and simulated on
HSPICE with 1V supply power under various technologies [2].
2x1 multiplexer is designed by using 2-transistor logic where 2
transistors are used to design a 2x1 multiplexer. It is an optimized
2x1 multiplexer with fewer transistors [3]. 2x1 multiplexer is
designed by using NAND logic, NOR logic and CMOS logic.
CMOS logic based 2x1 multiplexer is better in terms of power
and area [4]. 2x1 multiplexer is designed with two AND gates,
one Inverter and One OR gate.

4x1 multiplexer is a block with four inputs with two selection
lines and single output. Output for different combination of inputs
based on the selection lines can be observed [5]. 4x1 multiplexer
designed by using four AND gates, two inverters and single OR
gate [6]. 4x1 multiplexer is designed by using CMOS logic with
the help of PMOS and NMOS transistors [7]. CMOS based 4x1
multiplexer is designed and simulated in tanner tool with 1V
supply voltage [8]. Complete 4x1 block, operation of the 4x1
multiplexer, gate level circuit design of 4x1 multiplexer and
CMOS based 4x1 is explained. Power dissipation and delay
parameters are explained. Simulations are done on cadence tool
[9]. 2x1 multiplexer is designed in schematic window and symbol
is created for it. 4x1 multiplexer is designed and simulated using
EDA software and VHDL language [10].

8x1 multiplexer is with eight inputs, three selection lines and
single output [11]. 8x1 multiplexer is designed in gate level by
using 12 AND gates, 5 OR gates and 6 inverters. CMOS based
8x1 multiplexer is designed with 126 transistors [12]. 8x1
multiplexer is designed using 2x multiplexer simulated in tanner
tool [13]. Multiplexer is used in many applications like
communications. In telephone networks multiple calls are
connected in a single line by using multiplexing. It uses the
satellite communication for transferring the data [14]. Basics of
the logic gates, operation of the logic gates and the operation of
the multiplexer are shown in [15].
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3. MULTIPLEXER

A multiplexer is a digital logic circuit which selects output
data from given n sources. A selected input determines which data
is appeared to the output. A multiplexer of 2N inputs has N
selection lines; these are considered to select which input data as
the output.

3.1 2x1 MULTIPLEXER

A 2x1 multiplexer in Fig.1 shows 2-inputs o to |1 are inputs
terminals. Selection lines S to select a particular input data. The
multiplexer block diagram of 2:1 mux is in the Fig.1 [1].

S

0o — 3
s Y
i

n — X

Fig.1. Multiplexer block diagram of 2:1

The equation for a 2:1 multiplexer is Eq. (1)
Y = 1S'+1,S (l)
Inputs are lo, 11 and S is the selection line and the single Y
(output).

Table.1. Truth Table of 2x1 multiplexer

S|Y
0|1l
1|1

As given Table.1 while 0 is the selection line, the output is the
value of the lp and while 1is the selection line the output is the
value of the 1;. The gate level diagram of the 2x1 multiplexer is
given in Fig.2. The gate level 2x1 multiplexer as two AND gates,
one inverter and one OR gate.

10

(@) (b)

Fig.2. (a) Gate level diagram of the 2x1 multiplexer (b) CMOS
representation of 2x1 multiplexer

One AND gate given with input lp and inversion of the
selection line(s). Other AND gate is given with inputs I, and
selection line(s). The output of the two AND gate is given as input
to OR gate. The OR gate gives the output Y. 2x1 multiplexer is
designed by using CMOS with PMOS and NMQOS transistors as
shown in Fig.2(b).

1160

THE EFFICIENT IMPLEMENTATION TO OPTIMIZE POWER AND DELAY USING DATA SELECTOR

VDD
VoD
INPUT 1
INPUT ouTPUT OuTPUT ouTPUT
<E INPUT 2 INPUT 1
INPUT 2
GND
GND

F|g.3. (a) CMOS |nverter (b) CMOS two input AND gate (c)
CMOS two input OR gate

CMOS Inverter is designed with one PMOS and one NMOS
transistors. CMOS inverter attached at the output of the CMOS
NAND gate this gives a CMOS AND gate. CMOS NAND gate is
formed by sequence connection of the NMOS transistors and side
by side connection of the PMOS transistors. CMOS OR gate is
designed with one CMOS NOR gate with a CMOS inverter
connection at the output of the CMOS NOR gate this gives a
CMOS OR gate. NOR gate of CMOS is formed by series
connection of PMOS transistors and parallel connection of the
NMOS transistors as shown in Fig.3.

3.2 4x1 MULTIPLEXER

A 4 to 1 multiplexer is given with inputs lo, I1, I2and I3 as
shown in Fig.4. It as selection line Spand Siand output Y.

Ss1 SO
0 — x
mn —1f 2
= Y
2 — 5
x
3 — <

Fig.4. 4x1 multiplexer Block Diagram

The equation for a 4:1 multiplexer is Eq. (2)
Y=I081' So'+|181' So+|251 SOI+|351 SO (2)
The 4x1 multiplexer is designed with two inverters, four AND
gates and one OR gate as shown in Fig.5. The inputs to the AND
gates are given with inputs lo, 11, I2and I3 and selection lines So
and Si. First AND gate is given with inputs lo, S¢', and S;'. Second
AND gate is given with inputs 11, S1', and So. Third, AND gate is
given with I, S1, and So'. Fourth AND gate is given with I3, So,
and S;. OR gate is given with output of AND gates and OR gate
provides the Y output.

o ERS
el R
‘ Q‘E?—E%

Fig.5.(a) Gate level design of 4x1 multlplexer (b) CMOS
representation of 4x1 multiplexer
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A 4x1 multiplexer CMOS based is given in Fig.5(b) is
designed by using CMOS inverter, CMOS AND gate and CMOS
OR gate. Four 3-input CMOS AND gates, two CMOS inverters
and one 4-input CMOS OR gate is used for 4x1 multiplexer.
CMOS inverter attached at the output sections of the CMOS
NAND gate gives a CMOS AND gate. CMOS NAND gate is
formed by sequence connection of the 3 NMOS transistors and
side by side connection of the 3 PMOS transistors. CMOS OR
gate is designed with one CMOS NOR gate with a CMOS inverter
connection at the output of the CMOS NOR gate this gives a
CMOS OR gate. NOR gate of CMOS is formed by series
connection of 4 PMOS transistors and parallel connection of the
4 NMOS transistors as shown in Fig.6. CMOS inverter is
designed with one PMOS and one NMOS transistors.

VDD

VDD INPUT 1 —
VoD INPUT 1
weurz[ 1 !
INPUT2 VoD
INPUT ouTPUT |—| outPuT {
INPUT3 | |_| INPUT 3 ,
1 ! ouTPUT
— GND INPUT 4
GND T
GND
o GND
(a) (b) (c)

Fig.6. (a) CMOS inverter (b) CMOS three input AND gate (c)
CMOS four input OR gate

Table.2 is given with different input combinations with
selection lines Sp and S; and output Y. when S;is 0 and Spis 0,
output (Y) is lo. When Sy is 0 and Spis 1, output (Y) is 1. When S;
is 1 and Spis 0, output is 1. When Syis 1 and Spis 1, output is Is.

Table.2. Truth Table of the 4x1 multiplexer

%2
p4

So

Rl |O|O

0
110
0
1

3.3 8x1 MULTIPLEXER

A multiplexer with 8 inputs, 3 selection lines and 1 output are
an 8x1 multiplexer. As shown in Fig.7 inputs are lo, I3, I2, I3, 4,
Is, ls, and I7 are the given to the multiplexer. Selection lines are So,
S1, and S; and output is the Y.

S$2 S1 SO

1
12
13

8X1 MUX

15
16

Fig.7. 8x1 multiplexer block diagram

The equation for an 8:1 multiplexer is Eq. (3)

ICTACT JOURNAL ON MICROELECTRONICS, OCTOBER 2021, VOLUME: 07, ISSUE: 03

1161

Y=10S5'S1'Sg"+11S,'S1'So+12 S,'S1So'+13 S251'So+
145,51'So'+15 SoS1'So+ 1g S251S0'+ 17 S2S1S0 (3)

As shown in Fig.8, 8x1 multiplexer is designed with 8 AND
gates, three inverters and one OR gate. First AND gate is given
with inputs lo, S2', S1', So' and output obtained is given as input to
OR gate. Second AND gate is given with inputs |4, S2', S1', Spand
output obtained is given as input to OR gate. Third AND gate is
given with inputs Iz, S, S1, So' and output obtained is given as
input to OR gate. Fourth AND gate is given with inputs I3, S2', Sy,
So and output obtained is given as input to OR gate. Fifth AND
gate is given with inputs l4, Sz, S1', So'and output obtained is given
as input to OR gate. Sixth AND gate is given with inputs Is, S,
S1', Sz and output obtained is given as input to OR gate. Seventh
AND gate is given with inputs lg, Sz, S1, So' and output obtained is
given as input to OR gate. Eight AND gate is given with inputs I+,
Sy, S1, Spand output obtained is given as input to OR gate. The OR
gate is given with input from the output of AND gates and gives
output Y.

S2

v

Fig.8. Gate level diagram of the 8x1 multiplexer

CMOS Inverter is designed with one PMOS and one NMOS
transistors. CMOS AND gates are designed with one CMOS
NAND gate with an CMOS inverter connection at the output of
the CMOS NAND gate this gives an CMOS AND gate. CMOS
NAND gate is formed by sequence connection of the 4 NMOS
transistors and side by side connection of the 4 PMOS transistors.
CMOS OR gate is designed with one CMOS NOR gate with a
CMOS inverter connection at the output of the CMOS NOR gate
this gives a CMOS OR gate. CMOS NOR gate is formed by series
connection of 8 PMOS transistors and parallel connection of the
8 NMOS transistors as shown in Fig.9.
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Fig.9. (@)CMOS inverter (b)CMOS four input AND gate
(c)CMOS eight input OR gate
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The operation for the 8x1 multiplexer is explained as followed
by the Table.3 When the selection lines Sg is 0, S1is 0, Sz is 0, the
output value of the lop. When the selection lines Sp is 0, S1 is 0, Sz
is 1, the output value of the I;. When the selection lines Sp is 0, S1
is 1, Sz is 0, the output value of the 1., When the selection lines So
is 0, S1is 1, Sy is 1, the output value of the I3, When the selection
lines Sp is 1, S1is 0, Sy is 0, the output value of the 15, When the
selection lines Sp is 1, S1 is 0, Sy is 1, the output value of the Is,
While the selection lines Sp is 1, S1is 1, Sy is 0, the output value
of the Is. While the selection lines Spis 1, S1is 1, Sz is 1, the output
value of the |7,

Table.3. Truth Table of 8x1 multiplexer

wm
~
wn
bl
wn
S

N = == =)

Rk |lo|lolk,r|kr|lo|lo

R|lolrkr|lo|lr|olr|o
&

4. PROPOSED 16x1 MULTIPLEXER

The represented Block diagram isa MUX i.e., 16:1. In this we
have given 16 digital logic inputs from LOGIC-0 to LOGIC-15,
in the diagram it is represented in the form of lo to I1s. Here is the
important terminal we have is ENABLE (En), the important point
about enable is here we have to put always high that means Logic
1 for the enable. And beside that we have four selection lines So,
S1, Sz, Ss through this selection lines we can select the data directly
by giving different logic in digital format.

10 —>
11 —>
12—
13—
14 —>]
15 —p]
16 =
MUX
16:1

17—

INPUTS — —> YO

18— (OUTPUT)
19 ——p]
110
1] ]
112 =y}

113 =—>
114 =—>]

115 =—>]

e d T TT1

S§3 S2 S1 SO

(SELECTION
LINES)

Fig.10. Block diagram of 16:1 MUX

The equation for a 16:1 multiplexer is Eq. (4)
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Y=EnlpS0'S1'Sy'S3+EN11S0S1'S,'S3'+Enl,S0'S1S,'S3'+Enl3S0S1S,'S3'+

Enl4Sp'S1'S2S3'+ENIsSeS:'S2Ss'+ENnleSe'S1S2S3'+ENI7S0S1S,S3'+Enlg

S0'S1'S2'S3+EN19S0S1'S2'S3+EN110S0'S1S2'S3+EN111S50S1S2'S3+EnN|12S0’
S1'S2S3+EN113S0S1'S2S3+EN114S0'S1S,S3+ENT1550S1S2S3 (4)

En 3

=

Fig.11.Gate level diagram of 16:1 Multiplexer

The diagram is designed with 4 inverters, 16 AND logic gates
and 5 OR gates through which we are getting the output on the
bases of selection lines, and another important input is enable and
we have to give a logic 1 always to this Enable (En). AND gate
as 6 inputs and one output, whereas OR gate as 4 inputs and one
output. By observing Fig.11:

» The first AND gate inputs are En, lo, So', S1', S2', S3', the
obtained output is input to the OR 1 gate.

The second AND gate inputs are En, I1, So, S1', S2', S3', the
obtained output is input to the OR 1 gate.
The third AND gate inputs are En, I, So', S1, S2', Ss', the
obtained output is input to the OR 1 gate.
The fourth AND gate inputs are En, Is, So, S1, S2', S3', the
obtained output is input to the OR 1 gate.
The fifth AND gate inputs are En, ls4, So', Si, Sz, S3', the
obtained output is input to the OR 2 gate.
The sixth AND gate inputs are En, Is, So, S1', Sz, S3', the
obtained output is input to the OR 2 gate.
The seventh AND gate inputs are En, lg, So', S1, S2, S3', the
obtained output is input to the OR 2 gate.
The eighth AND gate inputs are En, I, So, S1, Sz, S3', the
obtained output is input to the OR 2 gate.
The ninth AND gate inputs are En, lg, So', S1', S2', Ss, the
obtained output is input to the OR 3 gate.
The tenth AND gate inputs are En, lg, S, S1', S2', Ss, the
obtained output is input to the OR 3 gate.
The eleventh AND gate inputs are En, l1g, So', S1, S2', Ss, the
obtained output is input to the OR 3 gate.
The twelfth AND gate inputs are En, 111, So, S1, S2', Ss, the
obtained output is input to the OR 3 gate.
The thirteenth AND gate inputs are En, l12, So', S1', S2, S, the
obtained output is input to the OR 4 gate.
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* The fourteenth AND gate inputs are En, I3, So, S1', S, Ss, the
obtained output is input to the OR 4 gate.

* The fifteenth AND gate inputs are En, 114, So', S1, S2, Ss, the
obtained output is input to the OR 4 gate.

e The sixteenth AND gate inputs are En, l1s, So, S1, S2, Ss, the
obtained output is input to the OR 4 gate.

Outputs of all the 16 AND gates are given as input to 4 OR
gates again the output of the 4 OR gates are given as input to 5
OR gate which provides the output Yo.

VDD vbD

VDD
VDD
—
INPUT 14T H fc INPUT 1 vbD
. OUTPUT 1::‘
INPUT 2
INPUT OUTPUT  |\oira E‘ L{ l‘:_|
INPUT 3 :: INPUT3 i ouTPUT
INPUT 4 {
— GND wpura] G
GND INPUT 5
INPUT 6 b b
GND
(@) (b) (©

Fig.12. (a) CMOS inverter (b) CMOS six input AND gate (c)
CMOS four input OR gate

CMOS NAND gate is designed with 6 PMOS connected in
side by side and 6 NMOS connected in sequence with 6 inputs
and one output. By connecting CMOS inverter to the output of the
NAND gate gives CMOS AND gate as shown in Fig.12(b).
CMOS NOR gate is designed by using 4 PMOS transistors
connected in sequence and 4 NMOS transistors connected side by
side with 4 inputs and one output. By connecting CMOS inverter
at the output of the NOR gate gives the CMOS OR gate as shown
in Fig.12 (c). CMOS inverter is designed with one PMOS and one
NMOS as shown in Fig.12(a). The connections of the CMOS
AND gate, CMOS inverter, CMOS OR gate is done as shown in
Fig.11 to design a 16x1 multiplexer. One of the points about the
designed 16x1 MUX is, here we have used 282 transistors.

Table.4. Truth Table of 16:1 MUX

Input|Enable (En)|Ss|S2|S1|So|Output (Yo)
lo 1 0|(0|0]|0 lo
Iy 1 0(0(0]1 I1
I2 1 0/0|1]|0 I2
I3 1 0011|121 I3
I 1 o(1(0}o0 l4
Is 1 0/1|0|1 Is
ls 1 0(1|1]|0 le
I7 1 0|1]|1|1 I7
ls 1 1/0{0]|0 s
lo 1 1/10{0]|1 lo
l1o 1 110|110 l1o
I 1 1/10(1|1 l11
l12 1 111{0]|0 l12
l13 1 1/11|10(1 l13
l14 1 111{110 l14
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The Table.4 represents the inputs as (lo to I15) and a single

output (Yo), here we have given inputs as selection lines from Sp

to Sz by different logic values (0,1) and taking enable (En) as

always high i.e.(logic1), and by analysis we got single output and
we can take it from the truth table YO.

l15 |

5. SIMULATIONS AND RESULTS

Simulations are performed on Synopsys tool HSPICE under
32 nm BSIM 4 model card for bulk CMOS technology of PTM
model. The sizing of the transistor is taken as Lp=32 nm, Wp=3200
nm, Ly=32 nm, Wn=1600 nm where Lp=length of the PMOS,
Wp=width of the PMOS, Ly=Iength of the NMOS and Wy=width
of the NMOS. The Fig.13 represents HSPICE simulations results
of the input and output of the 16:1 Mux. Basically, here we have
taken input as lo to l1s and output we are getting through Yo
depending on the selection lines logic that we have given.

|

Fig.13. 16:1 multiplexer output waveform

» When the inputs Szis 1, Sy is 1, Sy is 1, Spis 1, output Yo is 1
same as given input I,

* When the inputs Szis 1, Sz is 1, S1is 1, Spis 0, output Yo is 1
same as given input 14,

» When the inputs Szis 1, Sy is 1, S1is 0, Sois 1, output Yo is O
same as given input I3,

» When the inputs Szis 1, Sy is 0, S1 is 0, Spis 0, output Yo is 0
same as given input lg.

» When the inputs Szis 0, S» is 0, S1 is 1, Spis 1, output Yo is O
same as given input I3,

» When the inputs Szis 0, Sz is 0, Sy is 1, Spis 0, output Yo is 1
same as given input |,

» When the inputs Szis 0, Sz is 1, S1is 0, Spis 1, output Yo is 1
same as given input Is,

» When the inputs Szis 0, Sz is 1, S1 is 0, Spis 0, output Yo is O
same as given input l4.
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» When the inputs Szis 1, Sy is 1, S1is 1, Spis 1, output Yo is O
same as given input Iys,
* When the inputs Szis 1, Sp is 0, Sy is 1, Seis O, output Yo is 1
same as given input Iy,
The simulation waveform shown the exact output verified by
using the Table.4 with different input combinations. Always
Enable (En) is keep at logic high (1).
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Fig.14. Power dissipation (uW) vs Voltage (V)
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o 70 4
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Fig.15. Delay (ps) vs Voltage (V)

By observing Fig.14 the variations in the power dissipation
can be seen at different voltage for the 16x1 multiplexer and for
Fig.15 the variations in the delay can be seen for different voltage
for the 16x1 multiplexer. The arrow in the graph shows the
changing of the power dissipation and delay for different voltage
for the 16x1 multiplexer.

Table.5. Comparison table for the 16x1 multiplexer at different

voltages
MUX |Transistor|Voltage|Delay Power PDP
Circuit| Count (V) | (ps) |Dissipation (UW) |x1076(J)
16:1 282 09 |(92.16 103.96 95.80
16:1 282 1 79.89 177.53 141.82
16:1 282 1.1 |71.46 483.32 345.38
16:1 282 1.2 |68.82 1471.4 1012.61

The Table.5 representation shows the different comparisons of
16:1 Mux with different power dissipation (uW), delay (ps) and
power delay product (J) values. Total number of the transistors
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used is 282 for the 16x1 multiplexer. The minimum delay is 68.82
psat 1.2 V, maximum delay is 92.16 ps at 0.9 VV, minimum power
dissipation is 103.96 pW at 0.9 V and maximum power
dissipation is 1471.4 pyW at 1.2 V for the 16x1 multiplexer given
in the Table.5.

6. CONCLUSION

This analysis is made to propose the architecture of 16:1
multiplexer for the optimization of power and delay values. 16x1
multiplexer is designed with lesser transistors and also to decrease
the power dissipation and delay. CMOS logic is the well one to
introduce 16:1 multiplexer. The above given table representation
shows the comparison of transistors count used and also the power
dissipation and delay for the four different voltage levels.
Furthermore, the delay and power dissipation analysis also
achieved very less delay and power dissipation. The minimum
and maximum delay and power dissipation for Synopsys tool
HSPICE under 32 nm BSIM 4 model card for bulk CMOS
technology of the PTM model simulation results are 68.82 ps,
92.16 ps and 103.96 pW, 1471.4 uW respectively. Hence, it is
concluded that the proposed model power dissipation and delay
of CMOS 16:1 multiplexer logic is analysed. Future scope of the
work is to design 32x1 multiplexer.
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