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  Abstract

                In the fast technological advancement in the field of Information and Communication the use of low power circuits has taken a prominent stance. The low power multiplier circuits have been widely applied in Calculating machines and computers. This project proposes a new solution for the design of low power multiplier using Booth’s Algorithm. The idea behind this solution is inserting more number of zeros in the multiplicand in order to reduce the switching activities in the circuit which ultimately results in fast processing and reduced power consumption.
1. Introduction

As we get closer to the limits of scaling in complementary metal oxide semiconductor (CMOS) circuits, power and heat dissipation issues are becoming more and more important. The power dissipation in CMOS circuit has several components that are usually estimated on the device parameters of the technology used. The total power in the circuit is given by the following equation,

P total = P switching + P shortcircuit + P static + P leakage
Where P switching is switching component of the power and it is a dominating component in these calculations. P shortcircuit is the power dissipated due to the fact that during the circuit operation PMOS and NMOS transistors of CMOS gate become simultaneously during the transition at the input level, Pstatic is the contribution due to the biasing current required for the device, Pleakage is the power consumption due to the reverse biased P-N junctions in the circuit. In FPGA designs power reduction is possible only through reduced switching activity, which is also called dynamic power. 
2. Proposed Design and Implementation 

Higher power reduction can be achieved if the multiplicand contains more number of 0.s than 1.s [5]. In this approach we propose Binary / Booth Recoding Unit which will force multiplicand to have more number of zeros. The advantage here is that if multiplicand contains more successive number of ones then booth-recoding unit converts these ones in zeros.

Approach 

The switching activity of the component used in the design depends on the input bit coefficient. This means if the input bit coefficient is zero, corresponding row or column of adders need not be activated. If multiplicand contains more zeros, higher power reduction can be achieved. We propose a Binary / Booth Recoding Unit which will force multiplicand to have more number of zeros. Consider the multiplication of 1111 x 1000 in which multiplicand can be booth recoded as 1000b where b is -1. Booth recoded multiplicand contains only two ones which will switch two columns. Therefore, instead of taking 1111 as an multiplicand 1000b can be taken. Now consider the multiplication of

1010 x 1000 in which multiplicand can be booth recoded as 1b1b0. Booth recoded multiplicand contains only single zero whereas binary multiplicand contain two zeros. In this case binary multiplicand can be chosen for multiplication.
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Multiplier Design 

 
The low power multiplier can be constructed as shown in figure 1. It is organized in two units as Binary/ Booth Recoding Unit and Multiplication Unit.
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  Fig.1 Proposed multiplier architecture

2.2.1. Binary/Booth Recoding Unit 

This unit chooses the multiplicand with more number of zeros. It generates booth-recoded multiplicand and chooses any multiplicand binary or booth recoded according to the greater number of zeros. When the booth-recoded multiplicand is chosen, the multiplicand is represented with (b, 0,1). To represent this b in binary number system we have taken sign bit register S that will hold the value 1 only when the corresponding bit is b otherwise 0. For binary multiplicand, S is always zero. If the multiplicand is 16 bit in length 0000111110111100 that can be booth recoded as 00010000b1000b00. These ternary values can be represented in two registers like magnitude and Sign Register.
          We have used look up tables for counting the number of zeros and converting multiplicand to booth recoded multiplicand as shown in table 1. For multiplication with b it will take 2.s complement of multiplier. This unit guarantees us to have always more or equal number of zeros in the multiplicand.

	             Multiplicand

Bit i-1  Bit i 
	Version of multiplier 

selected by
 bit i

	  0          0 
	        0

	  0           1              
	       +1

	  1           0                                
	        b

	  1           1                   
	        0


Table .1 Booth Recoding Table

2.2.2. Multiplication  Unit

Figure2 shows the 4x4 low power multiplier structures. This technique will be very useful as we go for higher width of the multiplicand specially when there are successive numbers of ones.
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       Fig.2  4x4 Multiplier architecture

Multiplying with .1 will take 2.s complement of multiplier. However, we need extra sign bit circuitry to add sign extension bits. But, since in booth recoding no two consecutive -1 will be there and in worst case there will be two -1s. Even though in the case of worst multiplicand i.e. 0101 the output of the Binary / Booth Recoding Unit is binary multiplicand. So there is no need of extra correction circuitry since multiplier will perform normal binary operation. The Modified Full Adder is constructed as shown in figure 6. If aj is zero, FA is disabled. Here sj is a sign bit of multiplicand.

3. Implementation and Results 

In order to evaluate the performance of low power parallel multiplier, we implement all these designs on Xilinx xc2vp2-6fg256 FPGA. We compare the performance of this design with column bypassing multiplier, row bypassing multiplier and multiplier without bypassing. Table 2 highlights the comparison between binary multiplicand and booth-recoded multiplicand. Later is generated when binary multiplicand is passed through Binary / Booth Recoding Unit. It clearly indicates that booth-recoded multiplicand saves significant amount of switching activity as compared to the Binary multiplicand. Implementation of counting the number of zeros and generation of booth-recoded multiplicand with the help of lookup table is another advantage of this design. It takes less number of CLBs when compared with usual loop statement or FSM. For Design Entry, we used ModelSim 6.0d and design with VHDL. The design was synthesized on Xilinx ISE 7.1i and SynplifyPro. 

	         Binary   

    Multiplicand
	  Booth Recoded 

    Multiplicand

	     11111100
	      100000-100

	     11111110
	      1000000-10

	     11111111
	      10000000-1

	     00000001
	      00000001-1


 Table 2. Output of the Binary / Booth Recoding Unit
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Fig.3 Simulation Result for Binary / Booth Recoding Unit

4. Conclusion

In this project presents a new methodology for designing of low power parallel multiplier with reduced switching. Method for  increasing  number  of  zeros  in  the multiplicand  is discussed with the help of Binary / Booth Recoding Unit. We use look up table for implementing the logic for counting  the number  of  ones  and  generation  of  booth  recoded multiplicand.  Comparing  with  column  bypassing  and other techniques  our  methodology  guarantees  to  have  equal or more  number  of zeros  in  the  multiplicand.
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