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Abstract—Multipliers are one of the major power consuming elements in digital signal processing applications. 

Multiplications occur in digital signal processing applications like FIR filters, FFT, DCT, convolution etc.   The use of  a  

low  power  multiplier will provide a significant reduction in power for the digital signal processing applications. This 

paper discuss about the design of a low power multiplier based on  Booth  encoding  technique  and Spurious   Power   

Suppression   Technique   (SPST).   A   normal multiplier performs the multiplication operation by  repeated shifting  and  

addition  process.  For  an  n-bit  multiplier  there  will be   n   additions   of   n-bit   numbers.   In   this   design   the   

Booth encoding technique reduces the number of additions by half and the SPST reduces the unwanted transitions in the 

adder. 
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________________________________________________________________________________________________________ 

 

I.       INTRODUCTION 

The  design of low power  and  high performance  modules are given  great  importance  nowadays.  The  use  of  a  low  power 

module help in reducing the heat generated in the final product and   thereby   help   in   improving   the   life   of   the   product. 

Multipliers  are  the  frequently  used  module  in  digital  signal processing   and   other   common   applications.   Usually   the 

multiplication  process  can  be  considered  as  a  sequence  of addition and shift operations. After each addition operation a partial 

product is generated. The operation a multiplier can be decomposed  into  two  operations,  the  generation  of  partial products   and   

accumulation   of   the   partial   products.   The performance of the multiplier can be increased by reducing the number   of   partial   

products   being   generated   during   the multiplication process. This also helps in reducing the power consumed by the multiplier. 

A good multiplier should have a compact  physical  design,  high  speed  of  operation  and  low power  consumption.  To  reduce  

the  power  consumed  by  a VLSI design it is better to reduce its dynamic which is a major part  of  total  power  dissipation.  The  

switching  activity  of  the design  will  decide  the  dynamic  power.  In  this  paper  will  be discussing  about  methods  to  reduce  

the  switching  activity  of the  multiplier  by  employing  Booth  encoding  technique  and SPST. 

forms the product bit all at once thus making it a fast way of multiplying  two  numbers.  Only  delay  is  the  time  for  the 

signals   to   propagate   through   the   gates   that   forms   the multiplication  array [5].  Array  multipliers  were  very popular due 

to the regularity in its physical design [6]. A normal array multiplier    accepts    two    inputs,    the    multiplier    and    the 

multiplicand.  The  partial  products  are  generated  by  AND operation of the  multiplicand  with each bit  of the  multiplier. Each 

successive partial products are shifted one bit to left and are added together to obtain the product. An array multiplier is the most 

basic form a multiplier. It is now rarely being used for digital signal processing or other applications. Some of the drawbacks  of  an  

array  multiplier  are  its  delay  in  operation, power and area consumption. 

 
Fig. 1.   4-bit array multiplier 

The operation of a 4-bit array multiplier is shown in Fig. 1. The multiplier accepts two 4-bit inputs X and Y. The output of the 

multiplier is 8-bit Z. The inputs X is AND with each bit of the input Y and the partial products are generated. The partial products 

generated are then added  together using an array of full adder (FA) and half adder (HA) modules. At the output of the  adder  array  

we  get  the  8-bit  product  output  Z.  In  this addition process four 4-bit partial products are being generated after each addition. 

For  an  n-bit  array  multiplier,  n  partial  products  of  n-bit each   will   be   generated.   In   an   array   multiplier   a   lot   of 

unnecessary  computations  occur,  if  these  are  avoided  the speed    of   operation   can   be    improved    and    the    power 
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consumption can be reduced. The next section discusses about the design a multiplier in which the unnecessary computations 

avoided. 

 

II. OPERATION OF NORMAL ARRAY MULTIPLIER 

Array  multiplier  is  an  efficient  layout  of  a  combinational multiplier. Multiplication of two binary numbers is done and the  

product  is  obtained  by  using  a  combinational  circuit  that 

 

III.BOOTH ENCODER BASED MULTIPLIER 

 
Fig. 2.   Addition operations with spurious transitions. 

The   booth   encoder   based   multiplier   uses   the   booth encoding  algorithm  to  reduce  the  number  of  partial  products 

produced during a multiplication operation. It also employs a spurious  power  suppression  technique  to  modify  the  adder 

modules to reduce the power dissipated in the adder. 

 

The  booth  encoder  based  multiplier  uses  the  following modules for its operation: 

A.  SPST Detection Logic 

SPST has been discussed in [3] [4]. In this paper the SPST is used to construct an efficient adder circuit for the addition of 

partial products. The SPST detects the spurious transitions in  additions  and  prohibit  them  from  occurring  and  thereby reduce  

the  power  consumed.  Some  examples  of  spurious transitions are shown in Fig. 2. Case 1 shows the addition of 

 

B.  SPST Adder 

 
Fig. 3.   SPST detection Logic 

 

two positive  numbers  without  and  with  carry transition  from Least Significant Part (LSP) to Most Significant Part  (MSP). Case  

2  shows  the  addition  of  one  positive  number  and  one negative without and with carry transition from LSP to MSP. Case  3  

shows  the  addition  of  two  negative  numbers  without and with carry transition from LSP to MSP. In these cases the calculation 

of MSP is unnecessary and can be avoided. The SPST detector is shown in Fig. 3, it takes the MSP of the multiplier    &    

multiplicand    and    the    carry    from    LSP addition(C_LSP) as inputs and produces the following signals: 

‒ Close: This signal is used to detect whether the MSP of can be directly found or not. 

‒ Carry_Ctrl:  This  signal  represent  the  least  bit  of  the MSP of sum output. 

‒ Sign: This  signal represent  the remaining (n/2)-1  bits of the MSP of sum output.The  SPST  adder  can  be  divided  into  

2  parts  the  LSP  of inputs are added using a normal adder and the MSP addition is done depending upon the output of the 

SPST detector. If the Close output of the  SPST  detector is  low, then the output  of MSP addition will depend on the 
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Carry_Ctrl and Sign outputs of the SPST detector. If the Close output of the SPST detector is high, then the normal 

addition of the MSP is performed. The block diagram of SPST adder is shown in Fig. 4. 

 

 
Fig. 4.   SPST adder. 

 

The  Latch-A  and  Latch-B  are  realized  using  AND  gates. The design of Latch is shown in Fig. 5. The Sign-Ext module is 

designed using OR gates. The internal structure of Sign-Ext is shown in Fig. 6. 

 

 
Fig. 5.   Latch using AND gates 

 

 
Fig. 6.   Sign-Ext designed using OR gates 

The  Latch-A and  Latch-B  will  be  closed  when  the  Close signal is Low and the output will be decided by the Sign-Ext 

module. If the  Close signal is high  the Latch-A and  Latch-B will  be  transparent  and  the  A_MSP  and  B_MSP  signals  will be  

passed  to  the  adder  and  output  will  be  the  output  of  the adder. 

 

C.  Booth Encoder 

Booth  encoding  has  been  discussed  in  [1] [2].  The  booth encoder generates the partial products based on the inputs.  It 

generates  the  partial  products  based  on  the  booth  algorithm. Compared   to   the   array   multiplier   the   number   of   partial 

products generated in the booth encoder based multiplier will be half. The partial products are generated based on the bits in the 

multiplier input. The booth encoder groups the multiplier bits  into  groups  of  three  and  generates  a  partial  product  for each 

group. The multiplier bit grouping according to the booth encoding algorithm is shown in Fig. 7. 

 
Fig. 7.   Bit grouping of multiplier input 

 

A  zero  is  added  at  the  right  hand  side  of  the  multiplier input,   and   then   the   multiplier   bits   are   made   into   an 

overlapping group of 3 bits. Then according to the bits in each group a value is selected from {-2, -1, 0, 1, 2}. These values are  

decided  based  on  booth  multiplication  algorithm.  The corresponding values for all the 3-bit combinations are shown in TABLE 

I. 

 

TABLE I. PARTIAL PRODUCTS 
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The    corresponding    values    are    multiplied    with    the multiplicand  to  generate  the  partial  product.  In  this  radix-4 

booth encoding is applied. There will be five possible values to be  multiplied  with the  multiplicand  to  generate  the partial 

products.  These  multiplications  can  be  performed  by  simple shifting  and  compliment  operations.  The  multiplication  by  2 

can be done by one bit left shift,  -2  by one bit left shift and compliment.  The  multiplication  by  -1  is  just  a  compliment 

operation.   For   an   8x8   multiplier   there   will   be   4   partial products. After the multiplication with booth encoder value, to 

make  the  partial  products  16-bits  some  shift  operations  are done. For the first partial product 8 bit arithmetic right shift is done. 

For the second partial product 6 bit arithmetic right shift is done and then 2 bit left shift. For the third partial product 4 bit arithmetic 

right shift is done and then a 4 bit left shift. For the forth partial product 2 bit arithmetic right shift is done and then a 6 bit left shift. 

After these shifting operations the four partial  products  will  become  16-bit  each.  Then  these  partial products  are  added  

together  using  2  levels  of  SPST  adders. The block diagram of the booth encoder based adder is shown in Fig. 8. The modified 

booth encoder module takes two 8-bit inputs,  the  multiplier  and  the  multiplicand.  It  generates  four partial  product  outputs  of  

16-bit  each.  These  four  partial products are added together to generate the product output. 

 

 

 
Fig. 8.   Booth encoder based 8x8 multipier. 

IV.     RESULTS 

The    analyses    of    the    designs    were    done    through simulations  and  implementation  on  FPGA.  Booth  encoder 

based  multiplier  and  the  array  multiplier  architectures  were implemented on Altera Cyclone IV E FPGA. The architectures for 

8x8 multiplier were implemented using verilog code. The simulation result for Booth encoder based Multiplier is shown in Fig. 9. 

For power estimation all the possible combination of inputs  were  simulated.  The  simulation  results  of  the  Booth encoder   

based   multiplier   showed   a  30%   improvement   in power  compared  to  the  array  multiplier.  The  comparison  of Booth  

encoder  based  multiplier  and  the  array  multiplier  is shown   in   TABLE   II.   The   comparison   different   power 

consumptions and area are given. 
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Fig. 9.   Simulation result for Booth Encoder Based Multiplier. 

 

V.  CONCLUSION 

This paper discuss about the design of a low up   to   30%   based   on   simulation   results. Moreover, the Booth encoder based 

multiplier will have better speed compared array multipliers. power multiplier which uses Booth encoding technique and SPST.  

The SPST adder will avoid the spurious addition operations by checking the inputs and blocking the unwanted additions thus it 

reduces the    switching    power dissipation. The Booth    encoding technique will reduce the number of partial products by half. 

This will reduce the power dissipation and will also improve the performance. The booth encoder based multiplier is giving a   

power   saving. 
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