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ABSTRACT: Multiplier is an arithmetic circuit that is extensively used in DSP, microprocessors and communication
applications like, FFT, Digital Filters etc. Today entire world is demanding compact and small digital devices which
should perform fast with low power consumption. Multiplier is the basic building block in almost all digital devices
and it impacts the speed, power and area of a device significantly. Thus it is important to design an efficient multiplier
which should perform fast with low power consumption. Optimizing the delay, area and power of a multiplier is a
major design issues, as area and speed are usually conflicting constraints.

In this paper reconfigurable 8x8 Wallace Tree multiplier using CMOS and GDI technology is designed in 180nm.
Wallace Tree multiplier is efficient in power and regularity without increase in delay and area. The idea is the
generation of partial products in parallel using AND gates. The addition of partial products is reducing using Wallace
Tree which is hierarchically divided into levels. Therefore there will be a significant reduction in the power
consumption, since power is provided only to the level that is involved in computation and the remaining two levels
switched off.

I. INTRODUCTION

With expeditious development of VLSI applications such as DSP, image, video processing and microprocessors
extensively use logic gates and arithmetic circuits. Because of powered by batteries, the supply voltage is often limited,
and the life time of the battery is of great importance for these devices. Therefore, the design of low voltage, low-power
circuitries has become more important. Recently, building low power VLSI System has emerged as highly in demand
because of the fast growing technology in mobile communication and computation. The demand for increasing speed,
compact implementation and low power dissipation triggers numerous research efforts. With the scaling down of VLSI
technologies, more complicate digital circuits have been implemented with a higher clock rate and lower supply
voltage. However, the decreased supply voltage restricts the signal swing in circuits and brings difficulties for circuit
design.

In low-voltage environments, the transistor characteristics also degrade and some circuit techniques can no longer be
used, thus the low-voltage design is different from the traditional circuit design technique. Gate Diffusion input (GDI) a
new technique of designing low-power digital combinational circuit. This technique allows reduction in power
consumption, transistor count, propagation delay and area of digital circuits.

The core of any kind of processor is its data path. Data path is the one of the crucial component that decides the key
parameters such as the clock frequency, area and power dissipation of the design. Adders and multipliers are the main
components in the data path and high performance systems such as FIR filters, microprocessors, digital signal
processors, etc. A system’s performance is generally determined by the performance of the multiplier because the
multiplier is generally the slowest clement in the system. Furthermore, it is generally the most area consuming. Hence,
optimizing the speed and area of the multiplier is a major design issue. However, area and speed are usually conflicting
constraints so that improving speed results mostly in larger areas.
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1. BASICS OF MULTIPLIERS

Multiplication is an operation that occurs frequently in digital signal processing and many other applications. However,
multipliers occupy a much larger area and incur much longer delays than adders. Therefore it is imperative that special
techniques be used to speed up the calculation of the product while maintaining a reasonable area.

The product is the result of multiplying the multiplicand to the multiplier. The multiplication operation is performed in
two main steps. First is the partial product formation, which consists of AND-ing each bit of the multiplier with the
multiplicand. Each successive partial product belongs one place to the left of the previous partial product. The second
step is partial product accumulation, where the partial products are combined to form the result.

Application of Multipliers

o Used in digital signal processing operations such as filtering, convolution and analysis of frequency.
o Image processing.

e Arithmetic units in Microprocessors.

e Used in graphics and computation system.

o Cryptosystems

Basic Multiplication Process
The operation of multiplication is rather simple in digital electronics. It has its origin from the classical algorithm for

the product of two binary numbers. This algorithm uses addition and shift left operations to calculate the product of two
binary numbers. Techniques involve computing a set of partial products, and then summing the partial products
together.

A generic block diagram of multiplier is shown in figure 1. In M x N-bit multiplication can be viewed as forming N
partial products of M bits each, and then summing the appropriately shifted partial products to produce an M+N-bit
result as product. Binary multiplications is equivalent to a logical AND operation. Therefore, generating partial

products must be added and, if necessary, any carry values passed to the next column.
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Fig 1: Generic Multiplier Block Diagram
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Wallace/ Dadda Multiplier

The speed of multiplier is depends on the total time taken for summation of partial products. Scientist C. S. Wallace
introduced an effective way of summing the partial product bits in parallel using a tree of Carry Save Adders which
generally known as the “Wallace Tree” [39].

Wallace trees are irregular in the sense that the informal description does not specify a systematic method for the
compressor interconnections. However, it is an efficient implementation of adding partial products in parallel [40]. A
typical Wallace tree architecture is shown in figure 2.

ABS AB4 AB3 AB2 ABl1l ABO
o]l TT [ ]
Carry Save Adder Carry Save Adder
Carry Save Adder Carry Save Adder

L,

Carry Save Adder

L L]

Carry Save Adder

[ |

Carry Propagate Adder

l

Fig 2: Wallace multiplier

Wallace method used three steps to multiply two numbers. These steps are

e Formation of the bit products.

e The bit product matrix is “reduced” to a two row matrix by using a carry-save adder (also called 3:2 counters).

e The remaining two rows are summed using a fast carry-propagate adder to produce the final product. Although this
may seem to be a complex process, it yields multipliers with delay proportional to the logarithm of the operand size
n. This algorithm reduced the partial product at a rate of log3/2 N/2. By using carry-save adder the need of carry
propagation in the adder is avoided and latency of one addition is equal to gate delay of adder.

Advantages of the Wallace tree Multiplier are
o Small delay
e The number of logic levels required to perform the summation can be reduced
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Disadvantage of Wallace tree Multiplier is

o Complex to layout and have irregular wires.

This method was further refined by Dadda to improve efficiency of addition of the partial product. The Dadda scheme
essentially minimizes the number of adder stages required to perform the summation of partial products [41]. This is
achieved by using full and half adders to reduce the number of rows in the matrix and number of bits at each
summation stage.

2-BIT Multiplier
In 2 x 2 bit multiplier, the multiplicand has 2 bits each and the result of multiplication is of 4 bits. Hardware realization
of 2 x 2 multiplier is shown in fig 3.

Al AD
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BOAD

P3 P2P1 (Carry) PO
Fig 3: Hardware Implementation of 2-bit Multiplier

Schematic diagram of 2-bit multiplier is shown in fig 3 using Wallace tree method shown above. PO, P1, P3 and P4 are
the partial products.
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Fig 4 : 2-Bit Multiplier
I1. SIMULATION RESULTS

2-BIT MULTIPLIER
Simulated waveform of 2-bit GDI based multiplier is shown in fig 5.
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Fig 5: Waveform of 2-bit GDI based Multiplier
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2-bit CMOS multiplier is also designed. Various parameters like delay and power dissipation is calculated for both
CMOS & GDI based multiplier as shown in table 1 and 2 respectively.

Table 1
Delay and Power Dissipation of 2-bit CMOS multiplier
Vdd Delay (ns) Power dissipation (mW)
1.8 0.06 1.4965
1.6 0.07 1.3773
14 0.08 0.7645
1.2 0.085 0.4821
1.0 0.095 0.2568
Table 2
Delay and Power Dissipation of 2-bit GDI multiplier
Vdd Delay (ns) Power Dissipation (mW)
1.8 0.02 0.729
1.6 0.055 0.520
1.4 0.070 0.307
1.2 0.075 0.165
1.0 0.085 0.095

IV. CONCLUSION

Multiplier is one of the most important components of many digital signal processing, general purpose processing,
image processing and other digital application. Multiplier performance can be measured by using performance factors
like Power, Delay and area. In efforts to identify the most efficient multiplier, this research makes the following
conclusions.

The GDI based wallace tree multiplier occupies smaller silicon area with higher resolution than the conventional
wallace tree multiplier. Various parameters like delay and power dissipation of other circuits are also calculated with
respect to different power supply. Result shows that Power dissipation and delay of GDI based Wallace tree multiplier
at 1.8V power supply is 8.8mW and 0.02 nS respectively and total transistor count is 912.
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