
International Journal of Engineering Science  and Computing, March 2017         4861                                                                 http://ijesc.org/ 

          
ISSN XXXX XXXX © 2017 IJESC                                                                                                   

                                                       
 

 

Implementation of High Speed and Low Power Novel Radix 2 

Booth Multiplier using 2248 BEC Converter  
Mahendra Tiwari

1
, Aniket Kumar

2
 

Assistant Professor
1, 2

 

Trident ET Group of Institutions , Ghaziabad, U.P, India
1
 

Shobhit University, Modipuram, Meerut, U.P, India
2
 

 

Abstract: 

A multip lier is one of the key hardware blocks in most dig ital and high performance systems such as FIR filters, d igital signal 

processors and microprocessors etc. With advances in technology, many researchers have tried and are trying to design multip liers 

which offer either of the fo llowing- h igh speed, low power consumption, regularity of layout and hence less area or even 

combination of them in multip lier. Thus making them suitable for various high speed, low power, and compact VLSI 

implementations [1]. However area and speed are two conflicting constraints. So improving speed results always  in larger areas. 

So in this research main  aim was  to find out the best trade off solution among the both of them. It helps us to make a proper 

choice among different adders in booth mult iplier that is used in different dig ital applications according to requirements. 

 

Index Terms: rad ix-2 booth mult iplier, ripple carry adder, novel carry select adder (CSA), binary to excess-1 converter 

 

I.  INTRODUCTION 

 

As the scale of integration keeps growing, more and more 

sophisticated signal processing systems are being implemented 

on a VLSI ch ip. These signal processing applications not only 

demand great computation capacity but also consume 

considerable amount of energy. While performance and area 

remain to be the two major design tolls, power consumption 

has become a critical concern in  today’s VLSI system design 

[1].  Mult iplication is normally done in two steps - Partial 

product generation and addition. In booth mult iplication, 

partial product generation is done based on radix 2 encoding 

which is as given by  Table1. Bits of multip licand (Y) are 

grouped from left to right and corresponding operation on 

multip lier (X) is done to generate partial product. The addition 

of partial p roducts is carried out by using CSA. In the binary 

number system the digits, called bits, are limited to the set [0, 

1]. The result of  mult iply ing  any binary  number  by  a   

single  binary  bit  is either  0,  or  the  orig inal number. This 

makes forming the intermediate partial-products simple and 

efficient. Summing these partial-products is the time 

consuming task for b inary mult ipliers. For  applications 

where this approach does  not  provide  enough  

performance,  multip liers  can  be  implemented  directly  in  

hardware. 

  

II. NORMAL BOOTH MULTIPLIER 

 

Parallel Mult iplication using basic Booth’s recoding algorithm 

technique based on the fact that partial product can be 

generated for group of consecutive 0’s and 1’s which is called  

Booth’s recoding. This recoding algorithm is used to generate 

efficient part ial product. These partial product always have 

large number of bits than the input number of bits. This width 

of partial product usually depends upon the radix scheme used 

for recoding. So, these scheme uses less partial products which 

comprises low power and area. Fig. 2 shows the flow chart for 

normal booth multiplier which uses Ripple Carry Adder. 

 

 
Figure.1. Flow chart for normal Booth Multiplier  

                                                                     

The most straight forward implementation of final stage adder 

is Ripple Carry Adder in which cascaded full adders are uses 

the carry generated in previous full adder works as input carry 

for next  stage full adder. N b it Ripple Carry Adder as shown in 

Fig. 2 requires N fu ll adders.  

 
Figure.2. Block Diagram of RCA 

 

DRAWBACKS  OF US ING RIPPLE CARRY ADDER: 

 

 It is not efficient when large numbers of bits are used.  
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 Carry propagation delay increases linearly with bit  

length as next stage output is dependent on previous 

stage output. 

 

III. NOVEL BOOTH MULTIPLIER  

 

Recoding scheme used in radix-2 booth mult iplier is shown in 

the Table 1. 

 

Table. 1. Recoding Table for Booth Multiplier  

 

Qn Qn+1 Recoded Bits         Operation 

0 0 0          Sh ift  

0 1 +1        Add X 

1 0 -1       Subtract X  

1 1 0          Sh ift  

 

In the novel CSA instead of using ripple carry adder with input 

carry as 1 BEC is used as shown in fig 3. In the novel CSA in  

order to reduce the area occupied by the square root CSA. Here 

in this for the addition of partial p roducts novel CSA  is used. 

For n-bit ripple carry adder we will use n+1 bit BEC.  

 

 
Figure.3. Binary to Excess-1 Converter  

 

LOGIC EQUATION FOR BINARY TO EXCESS-1 

CONVERTER: 

 

X0=~B0                         (1)                                                                                                  

X1=B1^B0               (2) 

X2=B2^(B1*B0)                (3)                                                                                    

CY=B0&B1&B2              (4) 

 

The main idea of this work is to use BEC instead of the RCA 

with input carry as ‘1’ in order to reduce the area and power 

consumption of the regular CSLA. In order to implement it  we 

replace the n-b it RCA, an n+1-b it BEC is required. Th is 

produces the two possible partial results in parallel and the 

multip lexer is used to select either the BEC output sum and 

carry on the basis of input carry. The least significant bits are 

added using conventional RCA, while other b locks are added 

in parallel which uses Binary to Excess -1 converter. Once all 

the parallel sums and carries are calcu lated, the final sum is 

computed using multip lexers. The mult iplexer b lock receives 

the two sets of input and selects  the final sum based on the 

selected input from the prev ious stage [2]. The importance of 

the BEC logic stems from the large silicon area reduction when 

the CSLA with  large number of bits are designed. Use of BEC 

with mult iplexer thus achieves fast incrementing action with 

reduced device count. Thus, the novel CSA excels the 

conventional CSA circuit in terms of area and power. 

 
Figure. 4. Novel CS LA 

 

 Fig. 4 shows the flow diagram of Novel Booth Multiplier. 

 

 
 

Figure.4. Novel Booth multiplier 

 

In this type of mult iplier novel CSA is used in order to reduce 

the carry propagation delay of Normal booth multiplier. Use of 

BEC with multip lexer thus achieves fast incrementing action 

with reduced device count. Thus, the novel CSA excels the 

conventional CSA circuit in terms of area and power.  

 

II. IMPLEMENTATION RES ULTS  

 

Parallel recoding schemes always consume less power than 

serial recoding schemes and hence are used very less these 

days but in  the novel parallel recoding scheme it has much 

less power consumed than the previous schemes and also has 

less delay in the circuit as compared to the other schemes.      

The radix 2 booth multip lier using ripple adder and novel carry  

select adder has been designed in Verilog HDL and 

synthesized in Xilinx ISE Design Suite 12.1. The results of the 

simulation are given in Fig.5 and Fig. 6, Fig.7 shows 

comparison of power ut ilization and path delay respectively. 

Results show that the booth multip lier using novel CSLA 

reduces the delay and consumes less power compared to 

regular CSLA. The power consumed is a sum of leakage and 

dynamic power. This proves that carry select adder using 

binary to excess 1 converter is efficient for VLSI 

implementation.  
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Figurer. 5. Simulation waveform for novel booth multiplier  

 

Fig. 6 shows the comparison of on chip power utilization of 

two mult ipliers. In normal booth multip lier it is 21.6% and in  

novel multip lier it is being reduced to 17.1%. 

 

 
 

Figure.6. Comparison of power utilization 

 

Fig. 6 shows the comparison of combinational path delay of 

two multipliers. In  normal booth mult iplier it is 7.055ns and in  

novel multip lier it is being reduced to 6.56ns. 

 

 
 

Figure.7. Comparison of Delay 
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