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FPGA Realization of Braun’s Multipliers
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Abstract—In this study we investigate the design and
implementation of Braun’s multipliers using Very High speed
integrated circuit Hardware Description Language and
implemented on Virtex-5 FPGA devices. The Virtex-5 FPGA
devices including XC5VLX30, XC5VLX30T, XC5VLX50, and
XC5VLX50T and their resource utilization is obtained for 4x4,
6x6, 8x8 and 12x12 Braun’s Multipliers. The study show that
their device utilizations for occupied slices, average connection
delay and maximum pin delay are different.

Index Terms—Braun’s Multipliers, DSP, FPGA, Virtex-5,
VHDL

I. INTRODUCTION

MULTIPLICATION is an important and prevalence in
scientific computations for digital signal processing
(DSP) and its subfields like sonar and radar signal
processing, sensor array processing, spectral estimation,
statistical signal processing, digital image processing, signal
processing for communications, control of systems,
biomedical signal processing, and seismic data processing.
DSP algorithms utilize special processor called digital signal
processor built on hardware such as Application Specific
Integrated Circuits (ASICs). Beside ASICs there are
additional technologies used for DSP includes more powerful
general purpose microprocessors, Field Programmable Gate
Arrays (FPGAs), digital signal controllers, and stream
processors [1-5].

The recent development in very large scale integration
(VLSI) technology has reached to such extent that the
hardware implementation has become a desirable alternative,
which makes FPGA a feasible technology and an attractive
alternative to ASICs [6].

DSP, image processing and multimedia applications
extensively requires multiplication and squaring functions
[7-8]. Cryptography requires not only a significant number of
multiplication and squaring functions but also large integers
[9].

Many research efforts have been presented in literature to
achieve hardware efficient implementation of low power
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multipliers [10-27].

In this study we have used contemporary Virtex-5 FPGA.
The purpose of this paper is to present Braun’s multipliers
design and implementation on Virtex-5 FPGA family devices
including XC5VLX30, XC5VLX30T, XC5VLX50, and
XC5VLX50T and their resources utilization.

The rest of this paper is structured as follows. In section 11,
describes the Braun’s multipliers and its mathematical basis.
Section 111 addresses the architectural platform used in this
study. Section IV presents the FPGA design and
implementation results. Finally, section V presents the
conclusion.

Il. BRAUN’S MULTIPLIER

Braun’s multiplier is an n x m bit parallel multiplier and
generally known as carry save multiplier and is constructed
with m x (n-1) addres and m x n AND gates. The Braun’s
multiplier has a glitching problem which is due to the ripple
carry adder in the last stage of the multiplier.

A. Mathematical Basis of Braun’s Multiplier

Consider a generic m by n multiplication of two unsigned
n-bit numbers Y = Y1 .... Yoand X = X,1... %o

Y= fvizi (1)
i=0

X = Zl: X;2' 2)
i=0

The product P = Py ...PiPg, which results from
multiplying the multiplicand Y by the multiplier X, can be
written as follows:

1 n-
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P=XY= (X,Y;)2" 3)

i=0 j
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o

I1l. ARCHITECTURE PLATFORM

The FPGA is similar to ASIC to be configured using
hardware description language (HDL) by the customer or
designer after manufacturing. The ability to reconfigure after
shipping and low cost relative to an ASIC design makes it an
ideal candidate for many applications. FPGAs can be used to
implement any logical function that an ASIC could perform.

FPGA contains programmable logic components called
configurable logic blocks (CLBs) and a hierarchy of
reconfigurable interconnect that allow the blocks to be wired
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combinational logic functions. CLBs also contain memory
elements such as flip-flops for clocked storage elements and
multiplexers in order to route the logic within the block and
to route the logic to and from external resources. FPGAS
originally began as competitors to complex programmable
logic devices (CPLDs) and competed in a similar space,
which of glue logic for printed circuit boards.

The inherent parallelism of the logic resources on an
FPGA allows for considerable computational throughput
even at a low MHz clock rates. The flexibility of the FPGA
allows for even higher performance by trading off precision
and range in the number format for an increased number of
parallel arithmetic units. This has driven a new type of
processing called reconfigurable computing, where time
intensive tasks are offloaded from software to FPGAs.

FPGA have the benefit of hardware speed and the
flexibility of software. The three main factors that play an
important role in FPGA based design are the targeted FPGA
architecture, Electronic Design Automation (EDA) tools and
design techniques employed at the algorithmic level using
HDL. In FPGAs, the choice of the optimum multiplier
involves three key factors: area, propagation delay and
reconfiguration time [6]. In this section a brief introduction
about Virtex-5 FPGA from Xilinx is presented.

A. Virtex-5 FPGAs

The Virtex-5 devices [28] are a programmable alternative
to custom ASIC technology. The Virtex-5 LX platform also
contains many hard-1P system-level blocks, including Block
RAM/first in first out (FIFO), second generation 25x18 DSP
slices, SelectlO technology with built-in digitally-controlled
impedance, ChipSync source-synchronous interface blocks,
enhanced clock management tiles with integrated DCM and
phase locked loop (PLL) clock generators, and advanced
configuration options. Advanced DSP48E slices are
available in Virtex-5 FPGAs that helps in accelerating
computation intensive DSP and image processing algorithms.
These slices can operate at a maximum frequency of 550
MHz, drawing only 1.38 mW of power at 100 MHz
frequency.

IV. FPGA DESIGN AND IMPLEMENTATION RESULTS

The design of Braun’s multipliers 4x4, 6x6, 8x8, and
12x12-bit are done using VHDL and implemented in a Xilinx
Virtex-5 FPGA family; devices including XC5VLX50
(package: ff676, speed grade: -3), XC5VLX50T (package:
ff665, speed grade: -3), XC5VLX30 (package: ff676, speed
grade: -3), and XC5VLX30T (package: ff665, speed grade:
-3) using the Xilinx ISE 9.2i design tool [29].

Tables 1, 2, 3 and 4 summarize the FPGA device resources
utilization for standard Braun’s 4x4, 6x6, 8x8, and 12x12-bit
multipliers. FPGA resource utilization shows similar findings
in  XC5VLX50 and XC5VLX50T and in between
XC5VLX30 and XC5VLX30T. The only difference is
obtained for occupied slices, average connection delay and
maximum pin delay. The average connection delay in devices
XC5VLX50 and XC5VLX50T shows almost same values for
4x4, 6x6, and 8x8 bit multipliers but average connection
delay for 12x12 bit multipliers has been increased. The
maximum pin delay in XC5VLX50 and XC5VLX50T
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demonstrates almost similar response. The value for 4x4 bit
is more than 6x6 and 8x8 bit multipliers and there is jump in
value of maximum pin delay is seen in 12x12 bit multipliers.
The comparison of occupied slices among XC5VLX50 and
XC5VLX30 devices show an increase in value for 4x4 and
6x6 bit multipliers and decrease in value for 6x6 bit
multiplier. The value of 12x12 bit multipliers remains the
same. The same result is obtained for the XC5VLX50T and
XC5VLX30T Virtex-5 devices.

The maximum pin delay is remarkably decreases in
XC5VLX30 and XC5VLX30T devices and shows linear
trend as compared to the values obtained for XC5VLX50 and
XC5VLX50T Virtex-5 devices.

V. CONCLUSION

In this paper we have demonstrated hardware design and
implementation of FPGA based parallel architecture for
Braun’s multipliers utilizing VHDL. The design was
implemented on Xilinx including XC5VLX30, XC5VLX50,
XC5VLX30T, and XC5VLX50T Virtex-5 devices using the
Xilinx ISE 9.2i design tool.

The objective is to present a comparative study of the
Virtex-5 FPGA devices using 4x4, 6x6, 8x8, and 12x12-bit
Braun’s multipliers. The comparison between Virtex-5
devices show same numbers for four input LUTS, bonded
I0Bs, total equivalent gate count but their occupied slices,
average connection and maximum pin delays are different.
Further study will be carried out to find delays among
devices.
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Bit o Four Input Occ_upied Bonded T_otal Averag_e Maximum
Width Multipliers LUTs Slices 10Bs Equivalent Connection Pin delay (ns)
(28800) (7200) (440) Gate Count delay (ns)
4x4 Standard 22 11 16 154 0.887 2.103
6%6 Standard 43 19 24 301 0.885 1.795
8x8 Standard 81 29 32 567 0.857 1.733
12x12 Standard 202 96 48 1414 1.074 2.834
TABLE I1
FPGA RESOURCE UTILIZATION FOR STANDARD BRAUN’S MULTIPLIER FOR VIRTEX-5
XC5VLX50T (PACKAGE: FF665, SPEED GRADE:-3)
Bit o Four Input Occ_upied Bonded T_otal Averag_e Maximum
Width Multipliers LUTs Slices 10Bs Equivalent Connection Pin delay (ns)
(28800) (7200) (360) Gate Count delay (ns)
4x4 Standard 22 11 16 154 0.887 2.103
6%6 Standard 43 19 24 301 0.885 1.795
8x8 Standard 81 29 32 567 0.857 1.733
12x12 Standard 202 96 48 1414 1.074 2.834
TABLE Il
FPGA RESOURCE UTILIZATION FOR STANDARD BRAUN’S MULTIPLIER FOR VIRTEX-5
XC5vLX30 (PACKAGE: FF676, SPEED GRADE:-3)
Bit o Four Input Occ_upied Bonded T_otal Averag_e Maximum
Width Multipliers LUTs Slices 10Bs Equivalent Connection Pin delay (ns)
(19200) (4800) (400) Gate Count delay (ns)
4x4 Standard 22 13 16 154 0.824 1.371
6%6 Standard 43 17 24 301 0.823 1.674
8x8 Standard 81 45 32 567 0.975 2.148
12x12 Standard 202 95 48 1414 1.027 2.663
TABLE IV
FPGA RESOURCE UTILIZATION FOR STANDARD BRAUN’S MULTIPLIER FOR VIRTEX-5
XC5VLX30T (PACKAGE: FF665, SPEED GRADE:-3)
Bit o Four Input Occ_upied Bonded T_otal Averag_e Maximum
Width Multipliers LUTs Slices 10Bs Equivalent Connection Pin delay (ns)
(19200) (4800) (360) Gate Count delay (ns)
4x4 Standard 22 13 16 154 0.824 1.371
6%6 Standard 43 17 24 301 0.823 1.674
8x8 Standard 81 45 32 567 0.975 2.148
12x12 Standard 202 95 48 1414 1.027 2.663
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