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ABSTRACT

In this paper, a low power Encoding and Bypassaudinique based shift-add multiplier is presentdwe T
proposed architecture is derived from simple wayetduce power consumption and area of the multiplie
in VLS| design architecture level model. The praggmbsarchitecture maximum reduces the power
consumption and area compared to the other comreitimultiplier. The modification to the multiplier
includes proposed Encoder design for Modified Raidnecording rules, removal of zero partial proguct
using bypassing technique (decoder). A decodeeansbf bypass and feeder register is utilized Her t
removal of zeros (bypassing) and selecting theectipartial product value to be stored in regidiethis
paper, encoder and decoder selector circuit has leed in the proposed model work. Low power
consumption and low area occupied multiplier aeghiire model is proposed. The simulation resulter
encoding process and bypassing technique usingddegenerated using Xpower analyzer in Xilinx 10.1
ISE (integrated software environment) represengsdynamic power consumption is reduced to almost
50%. When the power consumed by the proposed rettipsing Spartan-2 is 6.28mW, the Virtex-4
device is 6.89mW. The proposed multiplier is maiapplicable for designing low power VLSI circuitsca
high speed switching techniques.

Keywords: Modified Radix-4 Recording Rules, Encoding, BypagsDecoder, Switching Activity, Partial
Product.

1. INTRODUCTION the selection group, these multiplications takes lo
of time. The sign with a separate rule generally in
In several of the digital circuits, the multiplisr the 2’s complement representation is the second
mainly implemented. To use the digital multiplier,issue. That compels the multiplication processeo b
various methods [1, 2] can be implemented. Thedapted to manage 2’s complement numbers, and
majority of the steps involved calculating the skt that perplexes the process a little more. For the
partial product and summing the partial produdhultiplication process it takes more time and it
together. The technique for multiplying decimalconsumes high power, delay increased and
number is on the basis of computing the partigwitching activity also increased [19].
products, shifting them to the left and then adding More and more sophisticated signal processing
them together. The first stage of majority ofSystems are being used on a VLSI chip, as the scale
multipliers involves making the partial productsof integration remains developing. These  signal
which is an array of AND gates. For partial producprocessing applications not only need great
generation, an n-bit by n-bit multiplier need$ ncomputation capacity but also eat up substantial
AND gates. The most difficult part is to get theamount of energy. Power consumption  has
partial products, as it involves multiplying thentp become a vital concern in today's VLSI system
number by one digit. The technique [6, 12] is verglesign, while performance and area stay to be
slow since it involves several intermediatdhe two key design tolls. From two important
additions. The multiplier bits are categorized intdorces, the demand for low-power VLSI system
groups of s bits, called selection groups in s-biakes up. First with the stable development of
selection. By multiplying the™i selection group Si operating frequency and processing power capacity
with the multiplicand N, the"ipartial product Pi is Of circuit. In portable devices, the low power desi
received, and shifting it to the same position x asfraightly leads to prolonged operation time. In
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most signal processing algorithms, Multiplicatien i with all possible partial product generators.
a fundamental operation. Multipliers have largéMultimedia and DSP applications are extremely
area, long latency and consume substantial powenultiplication intensive so that the performanc
So, in low power VLSI system design, the low-and power consumption of these systems are
power multiplier design has been a significant partuled by multipliers. To create several partial
There has been widespread work on low-poweroducts, the  calculations of the multipliers
multipliers at technology, physical, circuinda manipulates two input data for addition operations,
logic levels. Commonly, the performance of thevhich in the CMOS circuit design needs
multiplier decides the system’s performanceseveral switching activities. Hence, switching
because the slowest element in the systemstivity within the functional unit needs for maxft
generally is the multiplier. And also, generallyist power consumption. For the intention of power
the most area consuming. Thus, a major desigaduction technique implemented as the kernel
issue is the optimizing the power and area of theperator is applicable exact data path of video and
multiplier. Nevertheless, area and power araudio codec technique the common multipliers can
normally contradicting constraints so thabe simplified to a network of shift, adders and
improving power results mainly in low areas. subtractor also decrease the switching qualityhef t

Two disadvantages were there in the Originaflollowmg signal. To decrease the number of partial

version of Booth’s multiplier (Radix-2). [1] Many SrOdUCt in the syste_m IS one O.f the be_st ways to
. ecrease the switching activity in resulting insles
add / subtract operations became changeable angWer consumotion
thus became inconvenient while decidingD ption.
multipliers. [2] When there are separated 1s, the To decrease the switching activity of the system,
algorithm becomes ineffective. By means of Radixhe different kinds of multiplication methods are
4 Booth’s algorithm these issues are overcominplemented. To decrease the power consumption
which can scan strings of three bits with theof the system, the [15] ultra low power multiplier
encoding algorithm. In this paper, the design @f lo implemented. It implements positive feedback
power multiplier contains encoding, partial productharge distributing logic and 30% of power and the
generators, bypassing and finally an adder. Tswitching activity of the multiplier has been
reduce the power by decreasing the number dfecreased. A power efficient 16 times 16
partial products, this low power multiplier methodConfigurable Booth Multiplier was presented in
is implemented. In this paper, there are only foufl4] that supported single 16-bit, single 8-bit, or
partial products generated since an 8-bit multiplietwin parallel 8-bit multiplication operations. To
is implemented. To produce the product byncrease the probability of partial product becagnin
multiplying the multiplicand A by 0, 1, -12 zero, the Booth encoding is implemented, which
or -2, the partial products generator is designedontributes in reduction of the redundant switching
For product generator, multiply by zero intends thactivities and the total power consumed by the
multiplicand is multiplied by ‘0’. Multiply by ‘1’ configurable Booth multiplier. The recoding
intends the product still keeps the same as thmethod [12] which was introduced in Booth
multiplicand value. Multiply by ‘-1’ intends thalh¢ decoder, increased the number of zeros in
product is the 2's complement form of the numbemnultiplicand. Such that, the number of switching
Multiply by ‘-2' means to shift left one bit the &' activity were minimized resulting in reduced power
complement of the multiplicand value and multiplyconsumption. The Massey-Omura multiplier of
by ‘2’ intends just shift left the multiplicand lpne  GF(2") [22] exploited a normal basis with its bit
place. parallel version being more often than not executed

. . pplying ‘m’ indistinguishable combinational logic
In these.multlphers, many teph_mques [6. 10, analocks whose inputs were cyclically shifted from
12] are implemented to diminish the power

dissipation. Tree multiplication is implemented foreach other. - But, the parallel Massey-Omura

this multiplication process for high speed
multiplication process. In microprocessor an
digital signal processors, the digital multiplisran
arithmetic unit and implemented for emerging In this paper, a low power multiplier using
media processors. Before and after every partigroposed Radix-4 encoding technique is presented
product were empty gaps without any bits to bér Modified Booth algorithm and also bypassing
added. It would be tough to create a commothe partial products. The recording rules employed
summation network for such circuits which worksin [11] for realization of the Booth multiplier is

multiplier had redundancy which was overcome by
odified modular multiplier architecture of lower
ircuit complexity.
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utilized in our encoding approach. The advantag2l% in dynamic power consumption and at least
of employing an encoding technique is to reducd4% reduction in Energy Delay Product (EDP) with
the partial products and wherever it introducea penalty of 4% in area. Yuan-Ho Chenal. [9]
zeros, the bypassing has been performed. If the zdrave presented a closed form of compensation
will be bypassed then the number of partial produdtinction for fixed-width Booth multipliers utilized

is reduced, and also the switching activity hambee&seneralized Probabilistic Estimation Bias (GPEB).
minimized. The encoding technique contribute8ased on the probabilistic estimation from the
largely in partial product generation. If the palrti truncation part, the GPEB circuit could be easily
product generated is zero then it is bypasseduilt according to the systematic steps. An 8 GPEB
Otherwise, the decoder is enabled and the non-zeBmoth multiplier improved more than 88% on the
partial product selected is stored in the partialeduction of absolute average error compared with
product register which is processed through adihe traditional Direct Truncation (D-T) multiplier,
register. Also MBRA4 algorithm is used to reduceand more than 32% area savings were obtained in
the multiplicand value by executing proposedhe GPEB Booth multiplier compared with Post
encoding architecture. For this encoding method thEruncation (P-T) Booth multiplier.

multlpl|_er vall_Je has _been _reduced.Adder has beenYajuan and Chip-Hong Chang, [10] have
used in this project in order to accelerate

multiplication by compressing the number of partiaPr.esente.d _the use O.f reduno_lant binary _(RB)
products. There are four sign extension valueasrIthmetIC in_the design of high-speed digital
‘ Mmultipliers that was beneficial due to its high

generated namely sign 1€, 2E, 3E and 4E for theodularity and carry-free addition. The redundant

partial product PP1, PP2, PP3 and PPbqilnary (RB) arithmetic led to lower encoding and

respectively. The arrangement of total four partia . :
products is shown in the Figure.5. The secongeCOdIng complexity than Fhe recently prpposed_ RB
ooth encoder. Synthesis results using Artisan

partial product is to be shifted left by two bits i i ;

before adding to the first partial product. Henloe t -LSMC 0'18| .UT stadnda}rd cgll I_|tr)]rary srr]]owed dt_hat

third has been shifted left by four whereas foF Ie Rt?\ mu t;]ptﬁrs esigne mg/ E’.Oﬁt encodlngd
o . ; . algorithm exhibit on average 6 higher speed an

fourth it will be shifted left by six. In this papehe 17% less energy-delay product than the existing

architecture of Modified Booth algorithm for Lo ;
multiplication algorithms for a gamut of power-of-

Radix-4 multiplier [11] is presented with even mor : .
minimized switching activities which cuts down th:[WO word lengths. Nishat Bano [11] have designed

power consumption and area required the _c_onventio_nal Radix-2 B_oo_th ml_JItipIier and
' modified Radix-4 Booth multiplier using VHDL.

The paper is organized as follows: Review offhe delay and power dissipation of modified
related works in  Section (2), ProblemRadix-4 Booth multiplier was less compared to
definition/research methodology in Section (3)the conventional Radix-2 Booth multiplier. When
proposed model in Section (4), Result andmplemented on FPGA, the modified Radix-4
Discussion in Section (5), Conclusion in SectiorBooth multiplier consumed 22.9% less power
(6). than the conventional Radix-2 multiplier. Also,

2 REVIEW OF RELATED WORKS estimated delay was less for Radix-4 multiplier.

A.S.Prabhu and V.Elakya [12] have proposed
Literature presents several architectures for loBooth multipliers for reducing the power of the
power multiplier using shift-add operation andmultiplier circuit. The multiplier circuit was
Booth multiplication. Here, some of the worksdesigned with conventional full adder. The power
presented based on Booth multipliers are reviewedesults were thus compared for the different inputs
Rizwan Mudassiret al. [8] have presented a low The result shown that average power consumed by
power multiplication algorithm for reducing thethe multiplier. Booth multiplier consumes
switching activity through operand decompositiorcomparatively less power and hence multiplier with
for Radix-8 Booth multiplier. The algorithm Booth recoding unit was designed for low power
incorporated Redundant Binary Signed Digittonsumption. Devi, V Vidyaet al. [13] have
(RBSD) Modified Booth-3 (Radix-8) encoding proposed a probabilistic estimation bias (PEB)
scheme to generate RBSD partial product rows araircuit for a fixed-width 2’s complement Booth
low power RB adder unit designed formultiplier. The PEB circuit was derived from
accumulation and thereby circumventing the neettheoretical computation, instead of exhaustive
to generate hard multiples and sign extension. lsimulations and heuristic compensation strategies
the experiments, result had shown that reduction dfiat tend to introduce curve-fitting errors and
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exponential-grown simulation time. ConsequentlyRadix-4 Booth multiplier is a high speed multiplier
the PEB circuit provided a smaller area and a lowghat introduces parallelism which helps to reduce
truncation error compared with existing workSihe number of calculation stages. The original

Implemented in an 8 x 8 2-D discrete cosin . o "
transform (DCT) core, the DCT core utilizing the?/ersmn of the Booth multiplier (Radix-2) had two
drawbacks. They are:

PEB Booth multiplier improved the peak signal- to-
noise ratio by 17 dB with only a 2% area penalty () The number of add subtract operations

compared with the direct-truncated method. and the number of shift operations
Shiann-RongKuang [14] have presented a power- ~_ Present. o

efficient configurable Booth multiplier (CBM) that (i) The algorithm becomes inefficient. These

supports single 16-b, single 8-b, or twin paraBii problems are overcome by using modified

multiplication operations. To efficiently reduce Radix-4 Booth multiplier.

power consumption, a dynamic-range detector was 1he negative values of B are made by taking the
developed to dynamically detect the effective?’S cOmplement and in this paper Carry-look-ahead
dynamic ranges of two input operands. The resulfLA) fast adders are used. The multiplication of
shown that, the multiplier was more complex that! is done by shifting M by one bit to the left. In
non-CBMs, but significant power and energy@ny case, n-bit parallel multiplier, only n/2 patti
savings were achieved. Jiaoyan Chemnal [15] Products are produced.

have presented a 16-by-16-bit Radix-4 Booth | [11] the modified Booth Radix-4 multiplier is
multiplier that was built based on Positivegesigned. The Power dissipation of modified
Feedback Charge Sharing Logic (PFCSL) an@adix-4 Booth multiplier is less as compared to
implemented in 45nm technology. They achievedonyentional Radix-2 multiplier. Radix-4 Booth
around 30% reduction in dynamic power and 60%ytiplier consumes less power than conventional
in static power respectively compared to the samRadix-2 multiplier. Also estimated delay is less f
design being implemented using static dual-raiRagix-4 multiplier. In [16] it is multiplication
logic. Also, the area of the multiplier wasprocess i.e. taken into each and every bit, and the

significantly smaller. it passes through zero bypass technique. So power
3. PROBLEM DEFINITION/RESEARCH consumption is increased. In [11] modified Radix-4
METHODOLOGY Booth multiplier, eliminated the limitations of

conventional Radix-2 Booth multiplier but, un-

In [16] BZ- FAD (By pass zero, feed A directly) bypassed partial pr_oducts were limitations _of_ its
method and add and shift multiplier method wa@Wn- Hence, motivated from the multiplier
used. Where; the multiplier multiplies A by B, the@rchitectures presented in [11] and [16], a
removal of the shifting the B registers, and disectmultiplier by utilizing Modified Booth algorithm
feeding of A to the adder, bypassing the zer&adix-4 and bypassing tgchr_nque is proposed in this
values, using a ring counter as replacement for RfPer. As far as bypassing is concerned, a decoder
binary counter and partial product shifts weréircuit is err_1p|oyed here, which ellmlnates partial
removed. Encoder bus selector was used in eaBfPducts with zero occurrence. It is used for
and every cycle of multiplication process and te usPypassing zeros and selecting the non-zero partial
a ring counter to select the"ncycle of Products.
multiplication process. '_I'he same ring counter IS PROPOSED M ODEL
also used as the multiplexer. When Multiplexer

multiplication value has been zero, it reduces the The primary intention of presenting this work is
switching activity of adder .i.e. adde_r has bgeqb design and develop a technique for low power
bypassed. The partial product was shifted to ”grﬁnultiplier. The proposed design utilizes the
one bit and the switching activity should be redlicep qdified Booth algorithm for Radix-4 (MBAR4)
for this process. So the power consumption Gfnd the modification is done in MBAR4 with the
multiplier was reducedZ-FAD [16] saves power perspective of reducing power. The research idea
for two reasons: first, the lower half of the pairti a5 come from the techniques presented recently in
product is not shifted, and second, this half i$11] and [16], of which one technique is focused on
implemented with latches instead of flip-flops. MBAR4 [11] and other one is focused on low

This paper presents a low power multiplier usingg©Wer multiplier based on bypass technique of shift

: - - - and add architecture [16]. The encoded bits
encoding and bypassing techniques. MOdIfle%lbtained by Booth encoder are used for
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multiplication. Here, addition needed completelyencoded outputs. Using the Modified Radix-4
depend upon the number of encoded bits. In ord&ecoding rule tabulated in Figure.3, the proposed
to reduce the number of addition process requireégncoder architecture is designed. Encoding output
bypass technique has been used this reduces théaken from g e, &.

switching activities.

The proposed multiplier architecture lowers the |
total switching activity so that power consumption | %0
is reduced compared with the conventional”™ |~ [ || ——m1—
architecture. The proposed architecture will be 1.
implemented using XILINX. The whole programis | -
written in Verilog and power consumption is & .. - ‘ )
measured using Xpower analyzer. ],

4.1.Grouping Process —

The multiplier is 8 bit ones and zeros format and L
it is grouped into four groups. Each group is
comparing 3 bits Figure.l. In this encoding process b
it uses full subtractor and EX-OR gates to produce ;
€, € and g which are the three encoded outputs. 4
Note that before grouping the encoding bits one Figure.2. Proposed Encoder Architecture
common bit is added i.e. pAit produces value i.e.
always zero. A full subtractor and the EX-OR gate

is used to produce the final encoded output i.8. 8x |2t | bi | b | E |Multiplicand
combination of input taken into the multiplication 0 0 0 0 0 ———*>BYPASS
process. Taking the combination process into 4| g 0 1 +1 ML eppa
groups and each group comparing 3 bits is name: | I 0 » M — PPA
as g, B, E;, and E.
0 1 1 +2 +2M ————PP Shift |
1 0|0 2 M »PP 2'S shif
Encoder »PP 2°S shift |
1 0 1 1 M ———»pr25 A
Lpryo ! M ——pprsa
A X B 1 1 1 0 0 — [ *Bypass
8- bit 8-bit Figure.3. Modified Radix-4 Recoding rule [11]
In this use of encoding process, the number of
B E multiplication process should be reduced, taken the
’ ' _— difference and borrowed output for the method.
[by [bs [bs [bs [bs [b2 [0 b0 |b difference =[(b, XORb,_;) XORDb,,,]
always borrow=1[h,, AND(hORb_,)]OR(b ANDb_,)
E, . e, =signbit=b,,
0

e = (difference XORborrow)
g, = (b XORb_,)

Figure.1. Encoder 3 Bit Grouping Process

4.2. Encoding Process

In encoding process let us first compare 8 x 8
multiplication processes. The encoder inputjs b 43
b and bi; as represented in Figure.2. are encoded at
its output as £ e, and g. Encoded output bit,ds In the proposed multiplier (Figure.4.) the 2:4
used to assign the sign value for the multiplicatiodecoder is employed to select the partial product
i.e. +\-. The encoder input for,h b and k; is registers and the counter signals ¢, is used
executed by the full subtractor and it gives thensure the required number of addition operations.

. Proposed M ultiplier Operation
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Basically, the g c, is used as the selector lines ofgate produces the logical high signal output. Thus
4:1 multiplexer (MUX) of the partial product at decoder at active low enable pin, input is hagh
registers. Also, the 2:1 multiplexer is used tesel present and so partial product register is disabled
the positive and negative operation performed ovemd won't store any data. Also, at the same timee th
register ‘A’ (multiplicand). Then a 1-bit shift 4:1 MUX is disabled too, thereby leaving the
register is included to perform multiplication &t particular partial product in its additional opévat
positive or negative (2's complement) multiplicando be performed i.e. it bypasses the partial prbduc
by decimal 2. Again there is one 4:1 MUX iscontaining zeros by saving an addition operation,
employed to select between the partial productltimately minimizing the switching activities and
values generated after performing encodetesulting in reduced power consumption.

multiplication for which the ¢ and e encoder Next, if the output of encoder des, & is 0, 1,

output acts as select lines. Other than this, a orée) ie. the gvalue is O then, ,eas a selector line
. . By .C., y 2
input bubbled AND gate is used to enable the Shlselects the ‘A’ register value using 2:1 MUX to is

operation. While the XOR gate output is used as th A )
enable for 4:1 multiplexer (MUX) of the partial Stored in 'S register. As the outputs gfand €0 is

product registers and for 2:4 decoder. The fo and 0 respectively i.e. the encoded value is +2

. . e .. (=0, @=1 and g=0) then the inverted,énput of
Q?ert:;lpferggﬁg dr?r?ﬁglrjsreagd 16- bit Result regist the AND gate enables the 1-bit shift register which

shifts the value in ‘S’ register by 1-bit. The szle
First consider the generated encoding output dihes and enable signals for partial product and
€, e, & Is 0, 0, 0 i.e., the encoding output gf e decoder are now enabled since the operation is not
value is 0. So gas a selector line selects the ‘A’processing any zeros in partial products. The
register value using 2:1 MUX to is stored in ‘S’produced encoding,@nd e value is given through
register. Similarly, if g &, & is 0, 0, 1, i.e., the EX-OR gate enabled output i.e. one in addition of
encoding output of evalue will be 1. So £as a NOT gate to the output i.e. zero. So partial proéduc
selector line selects the 2's complement of ‘Ahas been selected and stored in the register and th
register value using 2:1 MUX to is stored in ‘S’value is given through the adder. The counter $igna
register. But then, it is observed that both tharel c,, ¢, are then used to select the partial product
goutputs are 0. It is considerable at the selees|in registers output.
which select the partial product register but EX-OR

Encoded o/p |

2:4 decoder ‘

PP, PP PR, PR,

R-16bit —

Figure.4. Proposed Multiplier Architecture
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Similarly, if the output of encoder dee;, & is 0, partial product register are added by enabling the
1, 1)) is -2, then sign bit is high,(ealue is 1). Soe adder using counter signalg, €. Thus, from the
as a selector line selects the 2's complement bf ‘Aabove procedure it is clearly understandable that
register value using 2:1 MUX to is stored in ‘S’whenever there are zeros encoded by encoder from
register. Now as it is known that the outputs pf ethe 8-bits of multiplier, the bypassing of partial
and e0 is 1 and O respectively then the one inpptoducts comes into the picture and inturn the
bubbledAND gate enables the 1-bit shift register,switching activities are minimized which reduces
shifting the value in ‘S’ register by 1-bit. Thdlext the power consumed by the proposed multiplier
lines and enable signals for partial product andrchitecture.
decoder are now enabled since the operation is not
processing any zeros in partial products. Therefore
the partial product register value is processed ™! 8 MSB 8- bit Multiplicand
through the adder. The counter signglog are then
updated to select the partial product registers
output. P, 6 MSB 8- bit Multiplicand 00

Finally, if the output of encoderdes;, & is 1, O,
0,) i.e., the gvalue is O then, ,eas a selector line
selects the ‘A’ register value using 2:1 MUX to is § MSB 8- bit Multiplicand | 0000
stored in ‘S’ register. Similarly, if the negative
encoded value ge, & is 1, 0, 1,) is obtained i.e.,
the encoder output is -1,(galue is 1) then, fore P4 2MSB 8- bit Multiplicand | 000000
as a selector line selects the 2's complement of ‘A
register value using 2:1 MUX to is stored in ‘S’
register. Further, if the output of=® and g=1 then R 16- bit Result
the shift operation is disabled as the one input
bubbled AND gate generates logic low at active
high enable signal of the 1-bit shift register. he
being the selector Iin_e of 4:1 MU)_(l:d) and g=1 _ F RESULT AND DISCUSSION
selects the ‘S’ register value into the partial
product. Since the encoder valueg=(eand g=1)
are uneven then the XOR gate output Whicl[b

produces enable signal for the 4:1 MUX of partiaigchnique is presented. XILINX 10.1 ISE was used
product registers and the decoder, will enable thg, 1he synthesis and simulation of the proposed
4:1 MUX with active high signal and at the samey,ipjier. The results for the system under test a

Figure.5. Structure Of Partial Product Stored Regiis
Model

In this section, experimental result for proposed
w power multiplier using encoding and bypassing

Device Utilization Summary H

Logic Utilization Used Available ' Litilization Note(s)
Nomber o Slics F|||:-' Flops 53 'IE.E'EE 1%
Mumber of 4input LUTs 100 12,288 1%
Logic Distrbution
Nuber of occupied Slices il E.1ii 1%

Number of Slices containing only related logic 7| it 100

Nurer o Slioss containing unrefated logic i 7l o
Total Number of 4 input LUTs 100 12,288 1%
Mumber of bonded [0Bs 3 240 15%
Mumoerof BUFG/BUFGCTALs i 2 7

Number uzed as BLFGs 1

Figure.6. Device Utilization Table For Virtex-4
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Device Utilization Summary H
Logic Utilization Used ' Available Utilization " Notefs)
Number of Slice FIIipIFio::us i Lt 384 157
[ Mumber of Zinput LUTs ' 122 g4 3%
' Logic Distribution
" Mumber of occupied Slices 25 152 24
Mumber of Slices containing only related logic 85 85 100
Mumber of Slices containing unrelated logic o % |
Total Number of 4 input LUTs 128 204 3

Number of bonded |OBs
Number of GCLKs
[ Number of GCLKIOBs

[==)

B | |
[

en| n| cal ool g3 c

35
1
=

(]

Figure.7. Device Utilization Table For Spartan-2

In Figure.6. and Figure.7. the Device utilizationfrom the XPower analyzer. The proposed multiplier
for the proposed multiplier architecture isrequires almost 20% less no. of slice FFs for both
represented for Virtex-4 and Spartan-2 familyirtex-4 and Spartan-2 devices, and no. of LUTs
respectively. The results of both the device typesequired is also minimized to 10 to 20 %. While,
are compared with the Radix-2 and Radix-4 Bootthe Delay required is approximately 30% less for
multipliers presented in [11]. The comparison willSpartan-2 family and 72 % less for Virtex-4. The
be done in terms No. of slice FFs utilized, No. oéwitching activity of the proposed multiplier is
LUTs required, No. of Bonded 1/Os, delay andeduced compared to other existing multipliers. In
Dynamic power consumed. These parametethis proposed method maximum power reduction
values can be obtained from the synthesis repottas been achieved.
except for Dynamic power which can be obtained

Table.1. Comparison Table Of Multipliers

Itiplier Types Radix-2 Radix-4 Proposed Proposed
Booth Booth Radix-4 Booth | Radix-4 Booth
Parameters Multiplier Multiplier Multiplier Multiplier
[11] [11]
Device and Spartan-2 Spartan-2 Spartan-2 Virtex-4
Family
No. of slice FFs 77 72 58 59
No. of LUTs 140 129 128 100
No. of Bonded 32 32 35 36
I/0
Delay(ns) 27.110 26.103 18.817 6.025
Dynamic Power 15 11 6.28 6.89
(mW)

Proposed Multiplier @ different | 25MHz | 50MHz | 75MHz| 2100MHz
Frequencies

Device and Family Spartan-2 15.510 31.02 46.530 62.040
Dynamic power (mW) | Spartan-3 0.190 0.370 0.56( 0.75
Virtex-2 1.000 2.000 3.000 4.000
Virtex-4 7.250 7.860 8.470 9.070

Device and Family Spartan-2 24.510 40.02(|) 55.530 71.040

Total power (MW) - —5oran3| 24.100] 24370 24560  24.730
Virtex-2 25.000 26.000| 27.00d 28.00

Virtex-4 260.250( 260.860 261.470 262.070
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To reduce the power of the proposed IEEE International Symposium on Circuits and
architecture, Encoder architecture for the Modified SystemsVol. 4, pp. 576, 1996.

Radix-4 recording rules is implemented. Using thi$4] S. F. Anderson and J. G. Earle, “The IBM
encoding process the switching activity is reduced  system 360 Model 91: Floating-Point Execution

highly using bypassing technique. The decoder ynit", IBM Journal Vol. 11, No. 1, PP. 34-53,
circuit is used to bypassing zeros and it is mainly 1967.

used to reduce the power consumption of they Hwang, "Computer Arithmetic: Principles,

circuit. Therefore, the proposed design is ° architecture and Designiohn Wiley and Sons
synthesized in Xilinx ISE tool and using XPower 1979

Analyzer the Dynamic power consumed by th . u
designed multiplier is calculated with respectte t ?6] 'gi\r/]v_;ln?’njESIri]e?sndbysr?naillni-rl;{i-zci:ﬁgChs?Nni,tchl}gZ]v-

device and family. Dynamic power consumption of activities of partial products.in Proc. IEEE

our proposed system is reduced approximately by ; X e
. . International Symposium on Circuits and
0, - -
50% compared to the Radix-2 and Radix-4 Booth Systemsyol. 4, pp. 93 — 96, 2002.

Multiplier. Also, the proposed multiplier is
implemented on different devices and their familie§’] Y. Ko, P.T. Balsara, W. Lee, “Low-Power
(Spartan and Virtex families). The proposed design Design  Techniques for High Performance
implemented on these devices viz; Spartan-2, CMOS Adders,”IEEE Transactions on VLSI
Spartan-3, Vitex-2 and Virtex-4 shows that power ~ Systemsvol. 3, No. 2, pp. 327-333, 1995.
consumption increases with increase in frequendg] RizwanMudassir, MohabAnis and JavidJaffari,
on particular device while the power consumption  "Switching Activity Reduction in Low Power
for the proposed design varies with different Booth Multiplier", in proceedings of IEEE
devices. This comparison results are tabulated in International Symposium on Circuits and
Table.2. Systems2008.

[9] Yuan-Ho Chen, Chung-Yi Li, and Tsin-Yuan
Chang, "Area-Effective and Power-Efficient
Fixed-Width ~ Booth ~ Multipliers  Using
Generalized Probabilistic Estimation Bias",
IEEE Journal on Emerging and Selected Topics

6. CONCLUSION

In this paper a low power multiplier using
encoding and bypassing technique method was
proposed. The modifications to the conventional .~ -~ "
architecture included the Modified Booth algorithm n C'rgggsz?)qdl Systemsjol.1, no. 3, pp. 277
for Radix-4, bypassing method, reducing the o ' ' ) .
switching activities use of encoding and bypassingt0lY&uan He, and Chip-Hong Chang, "A New
zeros technique. The results were shown for Redundant Binary B?"th Encoding for Fast 2n-
dynamic power and delay reduction compared to Bit Multiplier Design®, IEEE Transactions On
other low power multiplier design. For this  Circuits And Systems—I: Regular Papevel.
proposed low power multiplier was successfully 26 No. 6, June 2009.
designed and synthesized using XILINX ISE[11]NishatBano, "VLSI Design of Low Power
Output power for proposed design was 50% Booth Multiplier", International Journal of
minimized and delay was minimized up to 30%  Scientific & Engineering ResearcNol. 3, no.
compared to the existing low power Booth's 2, February 2012.
multipliers. [12]A.S.PrabhuV.Elakya, "Design of Modified Low

Power Booth Multiplier", in proceedings of
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