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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.

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.LINTRODUCTION

The design of low voltage, low-power circuitries has become more important. Recently, building low power VLSI
System has emerged as highly in the demand because of fast growing technology in mobile communication and
computation.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. The GDI (Gate
Diffusion input) is a new technique of designing the low-power digital combinational circuit. Therefore, this technique
allows reduction in the power consumption, propagation delay, transistor count and area of the digital circuits.

11.BASICS OF MULTIPLIERS

The product is the outcome of multiplying the multiplicand to multiplier. Multiplication operation is performed using
two main steps. First is partial product formation that consists of the AND-ing each bit of multiplier with multiplicand.
Each consecutive partial product belongs to one place to left of the previous partial product. Second step is the partial
product accumulation step, where partial products are merged to form the result.

Array Multiplier

An Array multiplier consists of an array of identical cells that generate partial products and accumulate them
simultaneously. Thus it does not require separate circuits for partial product generation and for their accumulation.
There are several possible array topologies including simple, double and higher- order arrays. The block diagram of 4
x4 array multiplier is shown below in fig. The generation of partial products consists of simple multiplying of the
multiplier (x) and the multiplicand (y). The accumulation of these partial products can be done with rows of ripple
adders. The partial products are added in ripple fashion with half and full adders. The first row of the partial products is
implemented with half adder and the third inputs i.e., carry in
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Fig 1: Block Diagram of 4 x 4 array multiplier

(Cin) will be considered 0. The carries of each full adder can be diagonally forwarded to the next row of the adder. A
full adder’s inputs require the sum from adder in the above row. In figure is shows block diagram of 4 x 4 array
multiplier, it needs 16 AND gates, 4 Half Adders (HA), 8 Full Adders (FA). Generally, m x n Array Multiplier, it needs
m % n AND gates, n HA, (m-2) x n FA, (total (m-1) x n Adders).

Advantages of Array Multiplier are

e Regular structure. Since it is regular, it is easy to layout and has a small size.

o Ease for design of pipelined architecture.

Disadvantages of Array Multiplier are

e The worst case delay of the multiplier proportional to the width of the multiplier.

e It has poor space complexity O (n), as it requires approximately n? cells to produce multiplication.
o Slow speed for a very wide multiplier.

Booth Multiplier

A Booth algorithm was proposed by A.D. Booth in 1950 and it is used to reduce the number of partial product in a
multiplication operation. This algorithm works for both signed and unsigned numbers. Parallel Multiplication is based
on the concept that the partial product can be produced for group of the consecutive 0*s and 1%s which is called as
Booth’s Recoding .

Through recording bits, potentially only half of the total partial products generated. The algorithm begins by looking at
three bits of the multiplier at a time, and then determines number of partial product needs to be generated. This process
reduces the number of partial products to half than originally required partial products. It reduces the number of adders
by50% which results in a higher speed, a lower power dissipation, and a smaller area than a conventional multiplication
array.

The modified booth algorithm shifts or/and complements multiplicand (the X operand) is based on bit patterns of
multiplier (the Y operand). Basically, the three multiplier bits [Y ¢+1), Y ¢y and Y ()] are encoded into the nine bits
which are used to select the multiples of multiplicand (-2X, -X, 0, +X, +2X). Three multiplier bits consist of the new bit
pair [Y (1), Y 3] and leftmost bit from previously encoded bit pair [Y .1;)]. Refer to for the details of the modified booth
encoding scheme.
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Table 1
Modified Booth decoding scheme
Y(i+1) Y(i) Y(i-1) Encoded Digit Operation Multiplicand (X)
0 0 0 0 0x X
0 0 1 +1 +1x X
0 1 0 +1 +1x X
0 1 1 +2 +2x X
1 0 0 -2 -2 x X
1 0 1 -1 -1x X
1 1 0 -1 -1x X
1 1 1 0 0x X

Considering the first 3 bits of Y, we can determine whether to add X, 2X or 0 to partial product. The grouping of Y bits
is shown in fig.

Group-2 _ Group-0
¥ Yﬁ Ys Yﬂ i - Yz Yl VU Y.q

1, : %, x
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Fig 2: Multiplier bit grouping according to Modified Booth Encoding
Modified Booth Multiplier
Block diagram of the Modified Booth multiplier is shown in fig. This circuit takes two 8-bit binary numbers and

produces the 16-bit product. Multiplier, X[7:0], is divided into the four groups: 0, X0, X1; X1, X2, X3; X3, X4, X5;
X5, X6, X7.

Y[

=1 | Booth | A
coder 3

E' .Booth | i — Booth Decoder
3 s IF
| Booth | s '.! Booth Decoder | Sign Extend
Encoder B " =
! i s L

[ signExtend | [ 12-bitCLA Adder

| 12-bitCLA Adder |

g - 2 AT s AT

1 Booth Decoder

Sign Extend

[ 12bitcraadder |

10 ]

I 16-hit Output

Fig3 : Modified Booth Multiplier

At last, the canonical shift and the add multiplication is developed using 12-bit carry look ahead adders (CLA). The
first two bits of the each partial product are entered directly into the output to account for shifting. The standard array
multiplier would require 8 partial products, and so thus 8 adders. This implementation minimizes the number of the
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partial products only to four, which significantly improving speed. Also, the CLA provides boost to the speed of the
system.

Urdhva Triyagbhyam Multiplier

"Urdhva" and "Tiryagbhyam" words are derived from Sanskrit literature. Urdhva means "Vertically" and Tiryagbhyam
means "crosswise". It is based on a novel concept, where the generation of all the partial products can be performed
with concurrent addition of partial products. Anyone can easily realize that this Vedic method makes difference for the
mental calculations. Also, for the mental calculations it was proved more convenient, as it can be easily visualize the
Vedic multiplication line diagram which is shown in the figure. If somebody tries to calculate multiplication mentally
in the conventional method, one would have to memorize first row, then the second row and likewise; thereafter add all
of them.
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Fig 4 : Line diagram for multiplication of two 4-bit numbers

A simple example shown in figure, the digits on the two ends of the line are multiplied and the result is added with the
prior carry. When there are more lines in the one step; and all the outcomes are added to previous carry. The least
significant digit of the number thus obtained acts as one of the result digits and the rest act as the carry for the next step.
In the beginning the carry was taken to be zero.

Step 1 Step 2 Step 3
2 3 2 Result= 6 2 3 2 Result= 13 2 ‘3 .2 Result= 18
Prev.carry=0 ~' Prev.carry=0 ":_»1;"’ Prev.carry=1
3 2 ENE =il 3 2 3 13 3 il - 19
A 3_6 AN 9_3 6 } N
Carry=0 camy=1 = / carry=1  ——=" )
Step 4 step5
2 2 2 Result= 13 2 3 2 Result= 6
byt Prev.carry=1 Prev.carry=1
3 2 3 14 3 2 3 7
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Fig 5 : Multiplication of 232 x 323=74936 by Urdhva Tiryagbhyam sutra with line diagram

Block diagram of 4x4 multiplier is shown below in fig. The first step to design 4x4 block is to identify the different
combinations of input bit pairs derived from 2x2 block. Each input bit-pair is taken care by the separate 2x2
combinational multiplier which produces four partial product rows. Then, these partial products rows are added
optimally to produce final product bits. Thereafter, these partial products rows are added optimally using the 4-bit full
adder cells. Now, the partial products represent Urdhva vertical and the cross product terms. The 8x8 block is
structurally similar to a 4x4 block with nibble (4 bits) inputs
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4-BIT MULTIPLIER

After designing 2 x 2 multiplier, 4-bit multiplier is also designed using wallace tree method as shown in fig.
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Fig 6 : 4 Bit Multiplier
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8x8 bit multiplier architecture based on Wallace Tree is shown, which is efficient in terms of the power and the
regularity without increase in the delay and area. The idea involves generation of partial products in the parallel using
the AND gates. Furthermore, the addition of the partial products is done using the Wallace tree, which is hierarchal,
divided into levels. There will be a reduction in power consumption, since the power is provided only to level that is
involved in the computation. Hardware realization of 8 x 8 multiplier is shown.
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Fig 7 : Hardware implementation of 8 x 8 Multiplier
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Schematic diagram of GDI based 8 x 8 multiplier is shown in fig.
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Fig 8 : 8-Bit Multiplier

HLSIMULATION RESULT AND ANALYSIS

This paper shows Simulation results of all the building blocks. Functional verification of a design can be done by using
simulation based verification. This verification ensures that the design is functionally correct when tested with a given
set of inputs. Each method waveform is compared for Power Calculation, Delay Calculation and Area in terms of
Transistor and the design has been implemented and simulated using Tanner Tool in 180nm technology with Operating
voltage of approximately 1.8V

4-BIT MULTIPLIER

Simulated waveform of 4-bit GDI based multiplier is shown. Multiplier and multiplicand inputs each are of 4 bits.
After multiplication 8-bit partial products are generated. Here both CMOS and GDI based 4 x 4 multiplier are designed
and analysed. GDI based multiplier gives better results in terms of propagation delay, power dissipation and area by
using transistor count.

Fig 9: Waveform of 4-bit GDI based Multiplier

Propagation delay and power dissipation of both 4-bit CMOS multiplier and 4-bit GDI multiplier is listed below in
table respectively.
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Table 2
Parameter of 4-bit CMOS multiplier
Vdd (V) Delay (ns) Power Dissipation (mW)
1.8 0.185 5.7252
1.6 0.225 4.4303
1.4 0.289 2.6030
1.2 0.359 1.5436
1.0 0.411 0.7801
Table 3
Parameter of 4-bit GDI multiplier
vdd (V) Delay (ns) Power Dissipation (mW)
1.8 0.012 5.6982
1.6 0.056 4.2103
1.4 0.075 2.3864
1.2 0.195 1.3488
1.0 0.278 0.6865

IV.COMPARISON

Comparison of propagation delay, power dissipation and area between CMOS multiplier and GDI multiplieris
summarized in this section.

COMPARISON OF DELAY

Comparison of delay between 8-bit CMOS multiplier and 8-bit GDI multiplier is given in table at different supply
voltage.

Delay of circuit is calculated by using given formula

Delay =
y 2
Where tp is Low to high propagation delay and tpy high to low propagation delay.
Table 4
Comparison of Delay
Vdd(V) Delay(nS)
GDI CMOS
1.8 0.02 0.17
1.6 0.40 0.56
1.4 0.65 0.70
1.2 0.72 0.80
1.0 0.82 0.95

Comparison of delay at different power supply voltage of different bit multiplier is shown in graph.
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Fig 10: Comparison of Delay at different supply
V.CONCLUSION

Multiplier is one of the most important components of many digital signal processing, general 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.

Although some aspects of the goal have been achieved using this design, but still a better wallace tree multiplier can be
made by some improvement in the circuit design. The wallace tree multiplier can be further extended and modified by
the following points.
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