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Design and Implementation of a Fast Unsigned 32-bit Multiplier Using Verilog HDL
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Abstract: This project deals with the comparison of the VLSI design of the carry look-ahead adder (CLAA) based 32-bit
unsigned integer multiplier and the VLSI design of the carry select adder (CSLA) based 32-bit unsigned integer multiplier. Both
the VLSI design of multiplier multiplies two 32-bit unsigned integer values and gives a product term of 64-bit values. The
CLAA based multiplier uses the delay time of 99ns for performing multiplication operation whereas in CSLA based multiplier
also uses nearly the same delay time for multiplication operation the overall simulation can be observed by using model sim and

the synthesis report can be given by using Xilinx ise.
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I. INTRODUCTION

The multiplier is a vital module of a computer system and can
be considered one of the fundamental arithmetic functions.
However, multiplication is not as a simple operation as
addition or subtraction, because it takes more time to perform
two subtasks, addition and shifting. Typically, a
multiplication operation takes between2 and 8 cycles [1].
Therefore, using high-speed multipliers is a critical
requirement ~ for  high performance processors.
Multipliers use th e addition operation for all the partial
products. The adder can be a ripple-carry adder, a carry look-
ahead adder, or any other adder [2, 3]. However, using a fast
adder to complete the Multiplication operation improves the
overall performance of the computer system. Our study is
focused on multipliers using unsigned data. VHDL, a Very
high speed integrated circuit Hardware Description Language,
was used to model and simulate the multiplier design. Several
researchers had addressed the adder performance issues
and others did the same with regard to the multiplier
performance. Sertbas and Ozbey worked on the performance
analysis of classified binary adder architectures. They
compared the ripple adder, carry-look-ahead adder, carry
select adder and the conditional sum adder. They used VHDL
implementation for their designs and comparison studies.

II. CARRY LOOK-AHEAD ADDER

To reduce the delay caused by the effect of carry propagation
in the ripple carry adder, we attempt to evaluate the carry-out
for each stage (same as carry-in to next stage) concurrently
with the computation of the sum bit [5, 6]. The two Boolean
functions for the sum and carry are as follows [7, 8]:
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In general, we can write:

The sum function:
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The carry function
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III. CARRY SELECT ADDER
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The carry select adder comes in the category of conditional
sum adder. Conditional sum adder works on some condition.
Sum and carry are calculated by assuming input carry as 1
and O prior the input carry comes. When actual carry input
arrives, the actual calculated values of sum and carry are
selected using a multiplexer. The conventional carry select
adder consists of k/2 bit adder for the lower half of the bits
i.e. least significant bits and for the upper half i.e. most
significant bits (MSB’s) two k/ bit adders. In MSB adders’
one adder assumes carry input as one for performing addition
and another assumes carry input as zero. The carry out
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calculated from the last stage i.e. least significant bit stage is
used to select the actual calculated values of output carry and
sum. The selection is done by using a multiplexer. This
technique of dividing adder in to stages increases the area
utilization but addition operation fastens. It is composed of
two four-bit ripple carry adders per section. Both sum and
carry bits are calculated for the two alternatives of the input
carry, —O0l and —11.The carry out of each section determines
the carry in of the next section, which then selects the
appropriate ripple carry adder. The very first section has a
carry in of zero. Time delay: time to compute first section +
time to select sum from subsequent sections.

1V. MULTIPLIER USING ADDER

Multiplication involves the generation of partial products,
one for each digit in the multiplier, as inFig.1. These partial
products are then summed to produce the final product.
The multiplication of two n-bit binary integers results in a
product of up to 2n bits in length [2].
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We used the following algorithm to
multiplication operation for unsigned data:

implement the

V. MULTIPLICATION ALGORITHM

Let the product register size be 64 bits. Let the multiplicand
registers size be 32 bits. Store the multiplier in the least
significant half of the product register. Clear the most
significant half of the product register.

Repeat the following steps for 32 times:

1. If the least significant bit of the product register is “1”
then add the multiplicand to the most significant half of the
product register.

2. Shift the content of the product register one bit to the right
(ignore the shifted-out bit.

3Shift-in the carry bit into the most significant bit of the
product register
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Figure 2. Multiplier of two n-bit values.

VL SIMULATION RESULTS.

FIG: RTL SCHEMATIC OF CLAA

FIG:RTL SCHEMATIC OF CSLA

FIG: TIMING DIAGRAM OF CLAA

FIG: TIMING DIAGRAM OF CSLA
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VII. CONCLUSION

A design and implementation of a HDL-based32-bit unsigned
fast multiplier was presented. VHDL, a Very High Speed
Integrated Circuit Hardware Description Language, was used
to mode land simulate our multiplier. Using a fast
adder improves the overall performance of the multiplier.
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