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Abstract

In the present paper mainly focused on accuracy and power of different types of multipliers using full
swing gate diffusion input (FSGDI) method. The main objective of this paper is to reduce the power
consumption and improve the accuracy of the multipliers. In normal gate diffusion input method (GDI)
required less transistors compared with full swing gate diffusion method. But cannot get the full level of
output there is some charge sharing problem is occurred in GDI method. In FSGDI method the
transistor counts gets increased compared with GDI method but there is no charge sharing problem is
occurred. There are three types of multiplier was implemented using FSGDI method like conventional
array multiplier, Vedic multiplier and Wallace tree multiplier. Based on the power results and
performance analysis Wallace tree multiplier is efficient to design using Tanner tool version 13.

Keywords: Full swing gate diffusion input; Gate diffusion input; Array multiplier; Vedic multiplier;

Wallace tree multiplier; Low power.
Introduction

Today, more and more, high speed mobile
computational devices and equipment are being
introduced in the market. These computational
devices strain and drain the battery very quickly
in these computational devices. Researchers are
making efforts to find ways and means to
conserve the battery power for longer period.
Multipliers is the key components in
computational devices to support high speed
computational intensive applications in real
time[1]. Thus it becomes more important to
reduce power dissipation and improve the
accuracy in these multiplier modules as they
affect the performance of the device.

Several VLSI design techniques have
been attempted to optimize the power and
improve accuracy by the multiplier module, but
there are very few design techniques that gives
the required extensibility both in terms of power
and accuracy. In this paper a high speed, reliable
and efficient multiplier VLSI module design is
presented using FSGDI (Gate Diffusion Input)
technique [2], addressing both  power
consumption and accuracy. Further, comparative
study results of the proposed design over the
traditional Gate Diffusion Input (GDI) design are
also presented [3]. Detailed design steps and

comparative study using Tanner simulation tool
at 250 nm CMOS technology is discussed.

Proposed method

The present work is mainly focused on reduction
of power and improve the accuracy of 4-bit
conventional multiplier, vedic multiplier and
Wallace tree multiplier using FSGDI.

Full swing gate diffusion input

In normal GDI technique there is a charge
sharing problem is occurred but it has the area
efficient compared with CMOS and FSGDI
method. In CMOS technology the substrate
terminal of PMOS transistor is always connected
to VDD and NMOS transistor is connected to
GND. But in GDI method it may change the
VDD and VSS according to the required design.

Array multiplier

An array multiplier is a digital combinational
circuit used for multiplying two unsigned binary
numbers by using the full adders and half adders
circuit [4]. It is used to perform simultaneous
addition of the various product terms. An array
of AND ogates is used before the Adder array
circuit to form the product terms.
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Vedic multiplier

To improve the speed and reducing the area
Vedic multipliers is plays important role in
multiplication [5, 6]. Vedic Mathematics also
used for multiplication which can be increase the
speed of multiplier by reducing the number of
iterations that means it increase the speed of the
multiplier and processor or system.

Wallace tree multiplier

By using the full adders and half adders Wallace
tree multiplier is used to reduce the partial
product tree into two rows, and then a final adder
is used to add these two rows of partial products
to generate the output [7, 8]. Wallace tree
multiplier perform multiplication operation in
four steps. (1) Generate the all partial products.
(2) By using the half adder and full adder the
partial product tree is reduced until it to be two
terms. (3) Finally, a fast adder circuit is used to
add these two terms [9, 10]. (4) Then the final
output will be generated.

Design and simulation

AND, OR and EX-OR Gate design using GDI
method

Fig. 1 shows the AND gate design using one
PMOS and one NMOS transistors. Input a is
given to the gate terminal and b is given to the
source terminal of NMOS. PMOS is connected

to GND.

Fig. 1. AND gate using GDI

Fig. 2 shows the simulation output for
AND gate. The output is 1 when both the input is
1. There is some distortion occurred in output.

Fig. 2. Simulation output of AND gate using GDI

Fig. 3 shows the OR gate design using
one PMOS and one NMOS transistors. Input a is

given to the gate terminal and b is given to the

source terminal of PMOS. NMOS is connected
to GND.
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Fig. 3. OR gate using GDI

Fig. 4 shows the simulation output for
OR gate. The output is 1 when any one of the
input is 1. There is some distortion occurred in
output. Fig. 5 shows the EX-OR gate design
using two PMOS and two NMOS transistors.
Input a and b is given to the gate terminal. Fig. 6
shows the simulation output for EX-OR gate.
The output is 1 when the inputs are 01 and 10.
There is some distortion occurred in output.

AND, OR and EX-OR Gate design using
FSGDI method

Fig. 7 shows the AND gate using FSGDI
method. There are 2 PMOS and 3 NMOS
transistor are required.

Fig. 4. Simulation output of OR gate using GDI

Fig. 5. EX-OR gate using GDI
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Fig. 6. Simulation output of EX-OR gate using GDI

Fig. 7. AND gate using FSGDI

Fig. 8 shows the simulation output for
AND gate. The output is 1 when both the input is
1. There is no distortion occurred in output. Fig.
9 shows the OR gate using FSGDI method.
There are 3 PMOS and 3 NMOS transistor are
required. Fig. 10 shows the simulation output for
OR gate. The output is 1 when any one of the
input is 1. There is no distortion occurred in
output. Fig. 11 shows the EX-OR gate design
using 3 PMOS and 3 NMOS transistors. Input a

and b is given to the gate terminal. Fig. 12 shows
the simulation output for EX-OR gate. The
output is 1 when the inputs are 01 and 10. There
is some distortion occurred in output.

Adders design using GDI and FSGDI method

Fig. 13 shows the half adder using GDI and
FSGDI. By converting AND and EX-OR gate
into a symbol to generate sum and carry.
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Fig. 8. Simulation output of AND gate using FSGDI

Fig. 9. OR gate using FSGDI

Fig. 10. Simulation output of OR gate using FSGDI
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Fig. 11. EX-OR gate using FSGDI

Fig. 12. Simulation output of EX-OR gate using FSGDI
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Fig. 13. Half adder design using GDI

Fig. 14 shows the full adder using GDI _ ) )
and FSGDI. By converting half adder and OR Fig. 14. Half adder design using GDI
gate into a symbol to generate sum and carry.

g If both the inputs are 1 the sum is 0 and
From Fig. 15, 16, 17 and 18 shows the carry will be 1. Fig. 19 and Fig. 20 shows the
simulation output for half adder and full adder design of RCA using FSGDI method. The full
using GDI and FSGDI. If any one of the input is adder is covert into a symbol for input
1 the sum output is 1 and carry is 0.

a0,al,a2,a3 and b0,b1,b2,b3 and s0,s1,52,s3 are
sum output cout is carry out.

Fig. 15. Simulation output for half adder using GDI
©2020 The Authors. Published by G. J. Publications under the CC BY license. 257
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Fig. 16. Simulation output for full adder using GDI

Fig. 17. Simulation output for half adder using FSGDI
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Fig. 18. Simulation output for full adder using FSGDI

Fig. 19. 4-bit Ripple Carry Adder
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Fig. 20. Simulation output of 4-bit Ripple Carry Adder

Multipliers design and output using FSGDI
method

Fig. 21 shows the 4-bit array multiplier design
using FSGDI. There are 16 AND gates, 4 half
adders and 8 full adders are required to design
this multiplier. Fig. 22 shows the 4-bit Vedic
multiplier using FSGDI. There are 4 2-bit Vedic
multiplier and 3 4-bit RCA are required to
design this multiplier. Fig. 23 shows the 4-bit
Wallace tree multiplier design using FSGDI.
There are 16 AND gates, 4 half adders and 8 full
adders are required to design this multiplier.

Fig. 24, 25 and 26 shows the simulation
outputs for 4-bit conventional array multiplier,
Vedic multiplier and Wallace tree multiplier
using FSGDI method.

Result and discussion

In the present work, authors compared the result
and analysis of power, area and accuracy of the
multipliers. By using the FSGDI method the
accuracy was increased that means no charge
sharing problem is occurred at the output side
but the area gets increased that is the
disadvantage compared with GDI method. There
are 358 transistors are required to design
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conventional array and Wallace tree multiplier
and 390 transistors are required to design the
Vedic multiplier. According to the power result
conventional consumes 10.128mW power, Vedic
multiplier consumes 13.125mW power and
6.977mW power consume for Wallace tree

A novel design and analysis of low power multipliers using full swing gate diffusion input method

multiplier. Based on the area, power and
accuracy results Wallace tree multiplier is
efficient in order to get full output swing 20% of
area has been reduced and 48% power gets
reduced using FSGDI method.
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Fig. 22. 4-bit Vedic Multiplier
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Fig. 23. 4-bit Wallace tree Multiplier

Fig. 24. Simulation output of conventional array multiplier
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Fig. 25. Simulation output of Vedic multiplier

i .|
Fig. 26. Simulation output Wallace tree multiplier
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Table 1. Comparison of area and power

Multipliers  Area (number Power

of transistors) (mW)

Conventio 358 8.138
nal Array
Multiplier

Vedic 390 13.125
Multiplier

Wallace 358 6.977

tree

Multiplier

Table 2 shows the voltage and power

relation of three multipliers. If the voltage
increases the power gets increases.

Table 2. Voltages versus power relation

Voltage  Array Vedic Wallace

V) (mW) (mWw) Tree (MW)

3 0.057 1.088 1.529
3.2 0.803 2.091 2.026
3.4 1.657 2.933 2.520
3.6 2.599 3.893 3.035
4.0 3.560 4.938 3.749
4.2 4.440 6.016 4.344
4.4 5412 8.016 5.021
4.6 6.257 9.177 5.803
4.8 7.206 10.509 6.520

Conclusions

Based on the comparison values Wallace tree
multiplier is efficient to design by using
FSGDI method. The 20% of area has been
reduced and 48% of power gets reduced. In
future we compute delay and reduce the area
of multiplier using FSGDI method.
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