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Abstract--Reducing power consumption has 

become a major challenge in the design and 

operation of today’s portable devices high 

computation system. This is not only due to the 

proliferation of portable device which have a 

limited battery capacity, but also, of the high 

complexity and the better levels of integration of 

the present-day designs. In today’s world there is 

demand of devices which are faster, better and 

having less power consumption. This can only be 

achieve by reduction of power dissipation. Power 

dissipation is mainly due to switching activity. 

Therefore we need to estimate and optimize 

switching activity. Multiplier is switching 

activity prone circuit so it is necessary to 

minimize somehow these activities in multiplier 

circuit. Radix multiplier is most efficient 

multiplier and partial product in it can be 

minimize or we can say activities can be 

minimize by using booth algorithm. Hence there 

is further scopes to reduce switching activity in 

radix multiplier by modifying booth algorithm. 

 

Key words: Switching activity, adder blocks,  

sign bit, multiple constant multipliers.           

I. INTRODUCTION 

This paper describes different techniques 

addressing this challenge at different levels of 

abstraction. In the past, the major concerns of the 

VLSI designer were area, performance, cost and 

Reliability; power considerations were mostly of 

only secondary importance. In recent Years, 

however, this has begun to change and, 

increasingly, power is being given comparable 

weight to area and speed. Several factors have 

contributed to this trend.  Perhaps the primary 

driving factor has been the remarkable success 

and growth of the class of personal computing 

devices (portable desktops, audio and video-

based multimedia products) and wireless 

communications systems (personal digital 

assistants and personal communicators) which 

demand high speed computation and complex 

functionality with low power consumption. 

There also exists a strong pressure for producers 

of high-end products to reduce their power 

consumption. 

In this paper main focus is on switching power 

dissipation. This component represents the 

power dissipated during a switching event, i.e., 

when the output node voltage of a CMOS logic 

gate makes a power consuming transition. In 

digital CMOS circuits, dynamic power is 

dissipated when energy is drawn from the power 

supply to charge up the output node capacitance. 

During the charge-up phase, the output node 

voltage typically makes a full transition from 0 

to VDD, and the energy used for the transition is 

relatively independent of the function performed 

by the circuit.  

 

II. SWITCHING ACTIVITY IN 

MULTIPLIER 

The computation of a multiplier manipulates two 

input data to generate many partial products for 

subsequent addition operations, which in the 

CMOS circuit design, require many switching 

activities. Thus, switching activities within the 

functional units of a multiplier account for the 

majority of the 

power dissipation of a multiplier, as given in the 

following: 

                      P= aCfV
2

dd 
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Where a is the switching activity parameter, C is 

the loading capacitance, Vdd is the operating 

voltage, and f is the operating 

frequency. aC can also be viewed as the effective 

switching capacitance of the transistors’ nodes 

on charging and discharging. Therefore, 

minimizing switching activities can effectively 

reduce power dissipation without impacting the 

circuit’s operational performance. 

Major sources of switching activity in multipliers 

are- 

 shifts of the multiplier register 

 activity in the counter 

 activity in the adder 

 shifts of the partial product register  

 

III. COMMON FINDINGS 

 Much work had been done previously, 

many techniques like parallelism and 

pipelining, power delay characteristics of 

multi-bit CMOS adders etc. To reduce 

no. operations at algorithmic level 

multiplication, sign extension and adding 

schemes are used and at structural level 

resource sharing is used. 

 Here four approaches, operand 

decomposition, activity reduction in 

adder block, sign bit reduction and low 

power column by pass multiplier 

methodology are discussed in papers.  

 The operand decomposition scheme 

decomposes both the multiplicand and 

multiplier to reduce the number of ones 

in total partial products as well as 

reducing the number of partial product 

rows which circumvents the generation of 

hard multiples and sign extension. It 

results in 21% reduction in dynamic 

power. 

 To reduce spurious switching in the 

Adder Block in a multiplier, presented 

designs include adders with output 

C2MOS latches. These integrated latches 

are effectively placed in the front (input) 

of the adders, and serve to synchronize 

the inputs to the adder. This gives 20% 

and ~39% better EDP in 16*16 and 

32*32 respectively. 

 Sign bit activity reduction technique 

reduces transition by using new 

representation for sign bits. It gives better 

result than 2’s complement technique. It 

can be used in data buses also. Low 

power Column bypass multiplier design 

methodology that inserts more number of 

zeros in the multiplicand thereby 

reducing the number of switching 

activities as well as power consumption. 

IV. SOLUTION APPROACHES 

Solution approach Result 

Operand decomposition 

method. 

reduction of 21% in 

dynamic power and 44% in 

EDP. 

Reduction of activity in 

adder block by placing 

latches in front of adder. 

~31% and~28 %  less 

activity in 16*16-bit and 

32* 32-bit multiplier. 

Operand decomposition 

method. 

12% to 18% reduction in 

logic transitions in    

multipliers of 32 bits and 

64 bits. 

Sign extension and adding 

schemes  

Two times less switching 

than previous one. 

V. STRENGTHS AND WEAKNESSES 

Strengths- 

 By utilizing the signed digit encoding 

scheme and modified sign extension 

technique, switching activity as well as  

no. of transistors in circuit decreases. 

 Operand decomposition scheme MASAR 

is widely used. In radix-8 multiplier it 

reduces the average no. of ones in partial 

product.                         



  

 
 

32 Monika, Dinesh Chand Gupta 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2 Issue 3 

March 2015       

 Multiplier design with hybrid adder can 

be broadly used in various media 

processing to yield low-power 

consumption at limited hardware cost or 

little slowing of speed. . 

 Latch is used in adder block for 

synchronization which reduces switching 

activity significantly. 

 Low power multiplication algorithm 

using operand decomposition is good for 

low power and high performance digital 

signal processing applications. 

 Tiling approach used in array multiplier 

is a powerful tool to visualize delays in 

large two-dimensional circuit. 

 Preliminary results of high level synthesis 

indicate that the proposed modified ILP 

approach results in shorter execution 

times. 

 Advantage of 60% reduction over the 

conventional one-hot code assignment in 

terms of switching activities and code 

length of state assignment as a result 

lower dynamic power dissipation. 

 A priori estimation of switching activity 

in synchronous circuits provided a key 

theoretical result which provides a lower 

bound on the number of patterns required 

for a specified accuracy. 

Weaknesses- 

 Switching activity is not only the factor 

to calculate power in complex circuits 

there are also other factors such as 

glitches, temporal correlation, memory 

element which are necessary to consider.  

 We cannot reduce the power so much 

because it increases the circuit area, 

decreases the speed and reduce 

performance of the circuit.  

 Switching activity reduction technique 

increases circuit complexity and 

operation delay of circuit also increases.  

 The method of reducing spurious 

switching activity in adder block in 

multiplier is suitable only for low speed 

application. 

VI. FUNCTIONAL BLOCK DIAGRAM 

  

 

 

 

 

 

1. Circuit and input pattern-There are different 

types of multiplier which are used in different 

DSP according to application. Further one can 

take any number of input bit in multiplier as an 

input like 16*16 bit, 4*4 bit etc. 

2. Switching activity reduction- Booth 

multiplication algorithm gives a procedure for 

multiplying binary integers in signed -2’s 

complement representation. The Booth multiplier 

makes use of Booth encoding algorithm in order 

to reduce the number of partial products by 

considering two bits of the multiplier at a time, 

thereby achieving a speed advantage over other 

multiplier architectures. This algorithm is valid 

for both signed and unsigned numbers. It accepts 

the number in 2's complement form, based on 

radix-2 computation. 

3. Simulation output- measure power 

consumption, dissipation at the output, area, 

delay and also compares obtained results with 

existing techniques. 

 

VII. EXPERIMENTAL ANALYSIS AND 

DISCUSSION 

To achieve goal some review is done to 

understand the algorithms to be used and 

experimentation is carried on conventional 

multiplier to analysis output and its configuration.  

Booth algorithm-  
Booth multiplication algorithm gives a procedure 

for multiplying binary integers in signed -2’s 

complement representation. 

Following steps are used for implementing the 

booth algorithm:-Let X and Y are two binary 

numbers and having m and n numbers of bits(m 

and n are equal respectively. 

Step 1 Making booth table: In booth table we 

will take four columns one column for multiplier 

Input radix 

multiplier 

circuit 

 

Activity 

reduction 

by 

modifying 

booth 

algorithm  

 

Simulation 

of 

multiplier 

circuit 
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second for previous first LSB of multiplier and 

other two (U and V) for partial product 

accumulator (P). 

1. From two numbers, choose multiplier (X) and 

multiplicand (Y). 

2. Take 2’s complement of multiplicand (Y). 

3. Load X value in the table. 

4. Load 0 for X-1 value. 

5. Load 0 in U and V which will have product of 

X & Y at the end of the operation. 

6. Make n rows for each cycle because we are 

multiplying m and n bits numbers. 

                             Booth table 

U V Xi Xi-1 

    

    

    

    

 

Step2 Booth algorithm: Booth algorithm 

requires examination of the multiplier bits, and 

shifting of the partial product (P). Prior to the 

shifting, the multiplicand may be added to P, 

subtracted from the P, or left unchanged 

according to the following rules: 

1. Xi Xi-1 

0 0 Shift only 

1 1 Shift only 

0 1 Add Y to U and shift 

1 0 Minus Y from U and shift 

2. Take U & V together and shift arithmetic right 

shift which preserves the sign bit of 2’s 

complement number. So, positive numbers and 

negative numbers remains positive and negative 

respectively. 

3. Circularly right shift X because this will 

prevent us from using two registers for the X 

value. Repeat the same steps until n no. of cycles 

are completed. 

In the end we get the product of X and Y. 

Experimentation- This is carried out for a 2*2 

bit binary multiplier shown as below- 

 

 
 

Output- Design summary 

 RTL Top Level Output File Name  : 

binary.ngr 

 Top Level Output File Name            : 

binary 

 Output Format                              : 

NGC 

 Optimization Goal                       : 

Speed 

 Keep Hierarchy                              : 

NO 

 Design Statistics 

 # IOs                                    : 8 

 Cell Usage : 

 # IO Buffers                         : 8 

 #      IBUF                             : 4 

 #      OBUF                           : 4 

 # Others                               : 6 

 #      and1                              : 4 

  #      ha                                 : 2  

Delay- 8.60ns 
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Fig. Output of 2*2 bit multiplier 

VIII. CONCLUSION 

As multiplication is the process most frequently 

used in in DSPs, filters and processors. So we 

always need a better solutions. Here I have 

reviewed papers on multiplier, While comparing 

the array multiplier, radix 2 and the radix 4 booth 

multipliers I  found that the array multipliers 

have the maximum area. This is because it uses a 

large number of adders. As a result it slows 

down the system. And radix  multiplier is the 

better multiplier than others. This is because it 

uses less memory, takes less timing as compared 

with others. Also Booth algorithm can handle 

both signed and unsigned numbers. This 

algorithm is efficient in terms of reducing time 

delay and power consumption. The reduction of 

time delay and power consumption is possible 

only by reducing the partial products. Finally it is 

concluded that further work can be carried in 

switching activity reduction in radix multiplier 

by modifying booth algorithm. 
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