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Abstract— Baugh Wooley Multiplier is one of the different
techniques for signed multiplication. It is not widely used. Here
design and implementation of 8 bit Baugh Wooley multiplier
using conventional method as well as using High Performance
Multiplier Reduction tree (HPM) technique and the comparative
analysis of both the design for power, delay and the area foot
print has done using Cadence RTL complier 180nm process
technology.

Index Terms— Multiplier, Baugh Wooley, HPM, Cadence
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I. INTRODUCTION

Multiplication is one of the complex arithmetic operation [6].
In most of the signal processing algorithms multiplication is
a root operation whereas multipliers have large area,
consume considerable power and long latency. So, in
low-power VVLSI system design, low-power multiplier design
is also an important part. Mostly architecture of parallel
multipliers can be classified into three parts: bit generation
of primary partial product by using simple AND gates or by
using any recoding strategies; bit compression of partial
product by using any irregular array of logarithmic tree or by
using a regular array; and the final addition [6]. The main
part of this paper is the reduction tree technique which is
used for designing a new Baugh Wooley multiplier
architecture. High Performance Multiplier (HPM) reduction
tree [6] is based mainly on the generated partial product
compression [1]. It is completely regular and the connectivity
of the adding cells in HPM is in the triangular shape. The
reason for using triangular shaped is that the triangular cell
placement in the reduction tree technique has a shorter wire
length. In the paper design and implementation of
conventional 8 bit Baugh Wooley multiplier algorithm has
done and compared the result obtained with the new design
of 8 bit Baugh Wooley multiplier algorithm using HPM
reduction tree [6]. The comparative analysis has been done to
prove that the new Baugh Wooley multiplier design is faster
than the conventional design. The algorithm for Baugh
Wooley multiplier is shown in Fig 1.
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Fig. 1 llustration of 5 bit Baugh Wooley Multiplier
Algorithm

Il. BAUGH WOOLEY MULTIPLIER

The Baugh-Wooley multiplication is one of the efficient
methods to handle the sign bots. This approach has been
developed in order to design regular multipliers, suited for
2’s complement numbers [2]. Let two n-bit numbers,
multiplier (A) and multiplicand (B), to be multiplied. A and
B can be represented as

A= —Gn- l—ﬂ : +Z Q'L':ll ':1:|
n-2

B=—by 2"+ ) b2 @
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Where the a;’s and by’s are the bits in A and B, respectively,
and a,.; and b,_; are the sign bits. The product, P= A X B, is
given by the equation:
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The final product can be generated by subtracting the last two
positive terms from the first two terms [2]. Instead of doing
subtraction operation, it is possible to obtain the 2’s
complement of the last two terms and add all terms to get the
final product. The last two terms are n-1 bits in which each
that extend in binary weight from position 2" up to 2°**. On
the other hand, the final product is 2n bits and extends in
binary weight from 2° up to 2°**. At first pad each of the last
two terms in the product P equation with zeros to obtain a
2n-bit number to be able to add it with the other terms. Then
the padded terms extend in binary weight from 2° up to 22"*
[3]. Let X is one of the last two terms that can represent it
with zero padding as
n-2
¥=—0x2m1ppxain-ig 2“-12 x; 2"

i=0

n-2
+ Z 0x 2/ (4
i=v
The final product [3], P = A x B becomes:
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Let A and B are 4-bit binary numbers, then the product [3], P
= A x B will be 8 bit long and is

P = a;b,2¢

The block diagram for 4 bit Baugh Wooley multiplier is
shown in Fig 2 and the detailed structure of each block has
been shown in Fig3.
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Fig. 2 Block Diagram of 4 bit Baugh Wooley Multiplier
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Fig. 3 Detailed View of White Cell and Grey Cell of the
Baugh Wooley Multiplier

The illustration of Baugh Wooley algorithm is represented in
Fig 1. It is based on Hatamian’s scheme [4]. It can be divided
into three steps:

1) The most significant bit (MSB) of the partial-products
in each N-1 rows and all bits of the last partial-product
row, except its MSB, are inverted in the Baugh Wooley
algorithm.

2) To the N™ column a *1” is added.

3) In the final result the MSB of it is inverted [6].
Implementation of Baugh Wooley multiplier using HPM
method [6] is simply a straight forward method which is as
represented in the algorithm. The partial products can be
calculated using AND gates and the inverted products can be
calculated using NAND gates. Insertion of ‘1’ and the partial
products are shown in Fig 3 that the block diagram for 8 bit
Baugh Wooley multiplier using HPM [5]. The half adder and
full adder cell of the High Performance multipliers explained
in Fig 4 [1].
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Fig. 4 Block Diagram for 8 bit HPM Baugh Wooley
Multiplier.[6]
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Fig. 5 HPM Half Adder and Full Adder Cell

IV. SIMULATION RESULTS

A. Simulation Results of 8 bit Conventional Baugh Wooley
Multiplier Using Cadence RTL complier 180nm process
technology.

Fig. 6 RTL View of 8 bit Conventional Baugh
Wooley Multiplier

Fig. 7 Worst Case Path of 8 bit conventional Baugh
Wooley Multiplier

B. Simulation Results of 8 bit HPM Baugh Wooley Multiplier
Using Cadence RTL complier 180nm process technology.

Fig. 8 RTL View of 8 bit HPM Baugh Wooley Multiplier
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Fig. 9 Worst Case Path of 8 bit HPM Baugh Wooley
Multiplier

V. COMPARATIVE ANALYSIS
Comparison of conventional Baugh Wooley and HPM Baugh
Wooley multiplier in terms of PDP, power, delay and area
footprint.

Table 1 Synthesis Results of Conventional Baugh Wooley
and HPM Baugh Wooley Multipliers in Cadence RTL

Conventional
Baugh Wooley HPM Baugh Wooley
Leakage 7420.32 5344.02
Power (nw)
Net Power 8177.19 7606.76
(nw)
Internal Power | 504 62 31012.44
(nw)
Switching 41504.38 39189.62
(nw)
Data path 1479.64 1156.48
Area
Number of 137 121
Cells
Delay (ps) 3412.7 2704.6
PDP 2.79063E-14 2.05732E-14
Power Attributes
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Fig. 11 Chart Representing Comparison of Data Path
Area and Number of Cells
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VI. CONCLUSION

By comparing the conventional Baugh Wooley with the HPM
Baugh Wooley it is clear that the Baugh Wooley multiplier
using HPM reduction tree is better than the conventional
design. So high speed, low power, less delay and small area
HPM Baugh Wooley multiplier can be used in high
performance system.
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