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Abstract: Arithmatic units in high-speed cores usually contaion digital multipliers, and their optimization has a
significant impact on the speed of arithmetic and computer systems. Different design techniques have been presented in
the research. In this study, a 4-bit multiplier is optimized using transmission gate (TG) and gate diffusion input (GDI)
techniques. The GDI technique reduces the number of transistors, propagation delay, power consumption, and chip area.
Also, using the TG technique compensates for the swing error at the output of the multiplier. The optimized multiplier is
evaluated by 90 nm technology. The results show that the multiplier has 6.09 uW power consumption, 6.146 ns delay,
and 200 x 200 um? area. Also, the value of PDP (Power Delay Product) of the circuit is equal to 37.45x10°1°, The
optimized multiplier applies to efficient digital signal processors (DSPs) where high performance is required.
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Extended Abstract

1- Introduction

Multipliers are basic units of arithmetic circuits designed
in binary logic with various techniques. Most of them have
partial calculations and then sum the calculations together.
Today, very large-scale integration (VLSI) circuits are
advancing towards low power and high speed.
Multiplication is the most important arithmetic operation
in signal-processing applications. The need to reduce
power consumption and increase speed are two important
issues in designing high-performance digital systems. The
decrease in power is due to the decrease in the number of
different components of the circuit and the increase in
speed is due to the decrease in the number of layers.There
are many algorithms for designing multipliers; each has
advantages in speed, power consumption, and circuit area.
Each multiplier consists of three basic parts: partial
product (PP), partial product addition (PPA), and final
addition. The input category is multiplicand and
multiplier, to produce the final product.

Considering the structures of the multipliers, the
algorithms of the implementation are different. An array
multiplier is a high-performance hybrid multiplier that
uses short internal wiring to connect all of its adjacent
internal adders horizontally, vertically, and diagonally. A
multiplier with the Wallace algorithm is efficient and can
be ecasily implemented in hardware and due to the
reduction in the total number of full adders required in the
Wallace method compared to the array method, the
hardware savings of the Wallace method are quite evident.
To design each multiplier circuit, different techniques are
used, such as gate diffusion input (GDI), transmission gate
(TG), complementarymetal- oxide-s emiconductor
(CMOS), as well as various logics such as dominoes. By
comparing GDI and CMOS circuits, it is clear that there is
a large difference in the power consumption of the two
circuits, area, number of transistors, and propagation
delay. Therefore, using the GDI technique compared to
common methods such as CMOS in implementing gates
and logic functions reduces the number of transistors.
Reducing the number of transistors reduces the nodes'
capacitances, thus reducing the logical effort of the circuit
and consequently reducing the dynamic power.

2- Methodology

In the proposed multiplier, the GDI and TG structures are
combined and a new structure is introduced as TGDI. The
transistor implementation of the TGDI is composed of
two-input AND gate, full adder and half adder circuits
using the TGDI technique. By the TGDI, a 4-bit multiplier
is implemented which has 8 FAs, 4 HAs, 16 AND, and 40
NOT gates, with a total of 288 transistors. The use of the
GDI technique minimizes chip area, delay, and power
consumption. The only drawback of this technique is the a
swing error at the output of the circuit. Therefore, by using
the TG technique and combining it with the GDI, the
problems caused by swinging at the output are solved and
the output of the circuit is presented with full-swing.

The working method is that to prevent the swing error in
circuits, transfer gates are used. To implement
transmission gates, two non-identical transistors are
connected in such a way that their source bases are
connected to each other. Their internal bases should also
be connected together. The gate bases of the transistors are
also connected to each other in a complementary way.

In the proposed multiplier, the GDI and TG structures are
combined and a new structure is introduced as TGDI. The
transistor implementation of the TGDI is composed of
two-input AND gate, full adder and half adder circuits
using the TGDI technique. By the TGDI, a 4-bit multiplier
is implemented which has 8 FAs, 4 HAs, 16 AND, and 40
NOT gates, with a total of 288 transistors. The use of the
GDI technique minimizes chip area, delay, and power
consumption. The only drawback of this technique is the a
swing error at the output of the circuit. Therefore, by using
the TG technique and combining it with the GDI, the
problems caused by swinging at the output are solved and
the output of the circuit is presented with full-swing.

The working method is that to prevent the swing error in
circuits, transfer gates are used. To implement
transmission gates, two non-identical transistors are
connected in such a way that their source bases are
connected to each other. Their internal bases should also
be connected together. The gate bases of the transistors are
also connected to each other in a complementary way.

3- Results and discussion

The comparison of all the parameters of the proposed
multiplier implemented by TGDI technique with other
references is performed. The layout of the proposed TGDI
4-bit multiplier, which is drawn by L-Edit. The total area
of the layout is 200 x 200 um?. The layout is designed to
be compact and efficient, that can be used in a variety of
applications. It is particularly well-suited for applications
where chip area, delay, and power consumption are critical
factors. By calculating the propagation delay, the
propagation delay in the path of input signal B, and output
signal S; has the highest value, so this value is the
propagation delay of the proposed 4-bit multiplier which
is equal to 6.146 ns. To calculate the power consumption
of the circuit, according to the period of the input signals,
the power is considered during the maximum period of the
input signal. Therefore, the average power consumption in
the time range of 1 ns to 398 ns is 6.09 uW.

4- Conclusion

In this study, the gate diffusion input (GDI) and
transmission gate (TG) techniques are combined to present
a new 4-bit multiplier with the transmission gate diffusion
input (TGDI) technique. The GDI technique reduces the
propagation delay and power consumption and increases
the speed of the circuit. The only drawback of the GDI is
the swing error in the output signals, which is covered by
the TG technique. The 4-bit TGDI multiplier is
implemented in 90 nm technology, and the circuit features
are extracted. The delay of the TGDI multiplier is 6.146
ns, while its power consumption is 6.09 pW.
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