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ABSTRACT 

 

Multiplier is an essential functional block of a microprocessor because multiplication 

is needed to be performed repeatedly in almost all scientific calculations. Therefore, design of 

fast and low power and area of binary multiplier is very important particularly for Digital 

Signal Processors. A typical processor central processing unit devotes a considerable amount 

of processing time in performing arithmetic operations, particularly multiplication operations. 

Multiplication is one of the basic arithmetic operations and it requires substantially more 

hardware resources and processing time than addition and subtraction. In fact, 8.72% of all 

the instruction in typical processing units is multiplication. In this paper, comparative study 

of different multipliers is done for low power requirement and high speed and area. The paper 

gives information of Vedic multiplier, Wallace tree multiplier and Baugh wooley multiplier. 

These are utilized for multiplication to improve the speed, area and power parameters of 

multipliers for Digital Signal Processors. 

Depending upon the parametric analysis these fast multipliers have utilized in MAC 

unit in DSP application. 
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CHAPTER 1 

INTRODUCTION 

Now a day, Multipliers plays an essential part in digital signal processing (D.S.P) and several 

other applications. In the high-performance systems like micro-processor, DSP etc. 

multiplication and addition is an important fundamental function and mostly used arithmetic 

logic operations. Basically, addition and multiplication are used in microprocessors and DSP 

is more than 68% instructions. So, the addition, multiplication operations control the 

execution time. That’s while there is need of high speed multiplier. Having with the advanced 

Technology, for designing a good multiplier, so many researchers have tried and trying. 

Multipliers are used basically for multiplication. 

Usually shift and add method is not that much good multiplier and it is not appropriate for the 

VLSI implementation. The time delay point of also this multiplier is not good. There is some 

basic methods are proposed in the literature for the speed multiplication in the VLSI. Those 

are Wallace tree multiplier, Vedic multiplier and Baugh-Wooley multiplier. In this report we 

are present the several techniques to implement those multipliers. Basically In any VLSI 

circuit’s implementation is depends on the basic terms those are the speed, power, and time 

delay. The high speed and less power consumption VLSI circuits can be possible with several 

logic methods. In any VLSI design we seen three types most important factors, they are cell 

space, delay of the circuit and power consumption. Previously there are many methods for the 

speed and the power consumption and each method have the pros and cons for the VLSI 

circuit in terms of power and speed. The basic common multiplication method is adding& 

shift method. Basically, in the parallel multipliers, partial products are added are the 

important factors that can be deciding the multiplier whole performance. To reduce, this 

partial product to added, Booth multiplier is one of the better multiplier. For the speed 

purpose, Wallace tree method is better because the sequential adding steps. 

And also we have, serial and parallel multipliers are there, in the area and power consumption 

factor also, it is good, in the speed factor this multiplier is not good. This serial and parallel 

multipliers are basically depends on the nature of the application. In this report, we are 

explained the multiplication algorithms and those method of architecture and comparing 

those methods in terms of the time delay, power, cell area, and speed of the multipliers. 
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1.1 Basic multiplication:- 

As we all know multiplication basically having two terms, multiplicand and multiplier and 

output is product. Consider multiplicand is A(a0,a1,a2,a3) and multiplier is X(x0,x1,x2,x3) 

the output product is P=(y0, y1, y2, y3, y4, y5, y6, y7). 

  

Fig.1.1. Basic multiplication structure 

We have so many techniques to perform the binary multiplication. In that we choose based on 

the factors such as area, latency, design complexity, throughput. An efficient approach is use 

the array or full-adders tree to sum partial products. In, now a day we are using some 

standard designs used to implement the binary multipliers, those are suitable for the VLSI 

circuits. 

Multiplier is performing multiplication process multipliers are mainly used in DSP 

application. Fast multipliers are mainly based on cell area, speed, power and accuracy. 

 Area: In the multiplier cell area should be less 

 Speed: the speed of multiplier should be fast. 

 Power: the power should be less. 

 Accuracy: the multiplier should give the correct result. 

In any multiplication, there are mainly three steps:- 

  Generation of the partial products. 

  Reduction of the partial products. 

 And final addition. 
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1.2 Main objectives of multipliers:- 

 The good multiplier must be compact with the high speed and low power dissipation, 

timing delay. 

 Mostly the designing a multiplier in VLSI based on these four factors only (time, 

speed, area, accuracy). 

1.3 Classification of digital multipliers:- 

 

Fig.1.2. Classification of digital multiplier 

1.3.1 Serial multipliers:- 

Where the power and area is given importance and the delay is tolerated there the serial 

multiplier is used. Here they are used one simple adder to add the partial products. The circuit 

diagram is shown below for the 4bit multiplier. Multiplier and Multiplicand are the inputs 

have to arrange in a manner and synchronized with the behaviour of the circuit.   And here 

two clocks are used, one of the clock for reset and another one for data. The first order of the 

time delay is U(x,y). in the circuit the time delay is TD =[(x+1)y+1] tfa.. 
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Fig.1.3. Serial multipliers 

Here the separate partial products are formed individually. And the additions of the partial 

products are achieved by way of the intermediate values of partial products addition are put 

in storage in D-flip flop. This method is not proper for the large number of bits(X and Y). 

1.3.2 Parallel multiplier:- 

The basic architecture of the parallel multiplier is one of the best multipliers. First operand is 

served to the next circuit in the parallel. The partial products are made in each and every 

cycle. In each cycle can do the addition of multiplication of X*Y partial products. The last 

results are should be stored in the output register after X+Y cycles. And the area essential is 

Y-1 for X=Y. 

  

Fig.1.4. Parallel multiplier 
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The parallel multipliers are basically two types, they are  

 Array multiplier 

 Tree multipliers(Binary tree and Wallace tree)  

1.3.3 Array Multiplier:- 

The array multiplier is the well-known multiplier because of its basic structure. This 

multiplier is mainly based on the Add and shift algorithm. And the partial products are 

produced by the one bit multiplier is with multiplicand multiplication. The PP terms are 

shifted to the adder bits and after that should be added. 

 

Fig.1.5 Basic array multiplier 

In the array multiplier the partial product terms can be add by the simple carry propagate 

adder. If the N is the length of the multiplier we need N-1 adders. And here we use number of 

adders are x, full adders are x(y-2), the total number of adders are x(y-1). 

 

Fig.1.6. Circuit diagram of array multiplier 
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The array multiplier further divided into two types  

 Signed multiplication 

 Un Signed multiplication 

In the signed multiplication booth and baugh wooley multipliers are the best multipliers. 

1.3.4 Booth multiplier:- 

The Booth multiplication is the one of the multiplication which multiplying the binary 

numbers in the 2’s complement signed array representation. 

Before doing the booth multiplier we need to know the right shift arithmetic (RSA) and right 

sift circular (RSC). 

Right shift arithmetic (RSA):- it is a shift operator. It is defined, when we are adding two 

binary numbers and the result is shift to the one bit position. Let’s take the resultant bit is 

1010. Now we can apply RSA then the result is 11010. In RSA there are two basic types 1. 

Right shift arithmetic and 2. Left shift arithmetic. 

       

           Fig.1.7. Right shift arithmetic         Left shift arithmetic 

Right shift circular(RSC):-  It is simple shifting the bit, in RSC also two types they are Right 

circular shift and Left circular shift. Let’s take one sequence 01011 and the RSC of the 

sequence is 01011. 

     

Fig.1.8. Right shift circular                 Left shift circular 
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Steps to implement the booth algorithm:- 

Step 1:-  

Create the Booth Table: In this table, we will take the 4columns for the one is for the 

multiplier(X), and one is for the previous bit of multiplier(X-1), and other two for partial 

products (U and V). 

U V X X-1 

    

    

    

    

    

    

Table1.1. Basic Booth table 

 First we choose multiplier X and the multiplicand is Y. 

 And next to do the 2’s complement for the multiplicand Y. 

 Load X value, and X-1 value is kept =0. 

 And the U and V values initially taken as 0, these will have the product of the X & Y 

at the last resultant. 

Step 2:-  

In the table, the LSB nit of the X and the single bit in the X-1, is to be analyse that will have 

fallowing actions. 

If the action is = “00” then there is no action. 

If the action is = “01” then add Y and U, the result is Right shifts. 

If the action is = “10” then subtract Y from U and do the result is right shifts. 

If the action is = “11” then right shift the value in U one bit position. 

Step 3:- 

Right shift circular of X. Go to step 2 and repeat the method till the X has been right shift 

circular to its original position. Finally we get the product of X and Y. 
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1.3.5 Combinational multiplier:- 

The combinational multipliers are the, two unsigned binary numbers multiplication. 

And this multiplier is done with the two signed number multiplication also. Every bit in the 

multiplier is multiplied to the multiplicand. The final product is come when we add the partial 

products and then it form a final result. 

This multiplier main advantage is the generation of the partial products are easy compare to 

other multipliers. The basic circuit diagram shown below, in there partial products can be 

adding by using AND gate. And here using half adder and full adder also and finally we get 

the result of the combinational multiplier. 

 

Fig.1.9. combinational multiplier 

This multiplier good in terms of the power consumption and it can need fewer components. 

But in terms of time delay factor this multiplier is not good. It requires large number of logic 

gates so area is also high. It is a less economical multiplier and faster multiplier but high 

hardware complexity. 
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CHAPTER 2 

REVIEW OF LITERATURE 

The chapter is focused on the review of literature about different fast multipliers designs. To 

conclude this topic so many journals, articles and conference papers have been studied. Some 

of them have been described below as. 

R. Raju, S.Veerakumar (2016), “Design and Implementation of Low Power and High 

Performance Vedic Multiplier” [1]In this paper authors, main aim is to designing and 

developing a high speed, less power dissipation of a16bit vedic multiplier by using basic 8bit 

vedic  multiplier, 4bit vedic multiplier and the basic 2bit multiplier. For adding the partial 

products here author used ripple carry adder to decrease the time delay in the multiplier. Here 

the 16bit Vedic multiplier is done by using “Urdhva Tiryakbhyam Sutra” from ancient Indian 

Vedic mathematics. Author mainly focused on, to reduce the logic levels thus reducing the 

logic delays. The entire process is done by using Xilinx-ISIM and synthesis done by using 

Xilinx XST. And the total execution is done in the FPGA (Spartan-kit). Finally the author 

concluded even though Urdhva Tiryakbhyam Sutra fast and area efficient. But the large 

number of partial products occurs by using of 2bit and 4bit and so on. And also large fan-out 

for input signals x and y. by using the other algorithms in 4x4 multipliers then faster 

multiplication is possible.  

 

Rakesh Kumar, Pradeep Kumar (2014), “An Efficient Baugh-Wooley Multiplication 

Algorithm for 32-bit Synchronous Multiplication” [2]In This paper, all about the effective 

and high speed 32bit synchronous Baugh wooley multiplier. In this paper mainly the 

multipliers partial products can be added by the fast speed and area less adder named as BK 

(Brent-kung) adder.  By using this adder not only improves speed of adder performance but 

also improves the multiplier. Codeing in VHDL and synthesis was done by using Xilinx 

ISIM and synthesized by Xilinx XST for the both synchronous and asynchronous Baugh 

wooley multiplier. Finally the author concluded that the Look up tables (LUT’s) are less in 

asynchronous as compared to the synchronous BW multiplier. But synchronous multiplier is 

faster than the asynchronous BW multiplier. The path delay in the synchronous BW 

multiplier is 6.496ns, it is good result when compared to the other multipliers. Finally he 

resulted that the combination of synchronous BW multiplier and Brent-kugh adder, gives the 

better speed and less area compared to the all other multipliers. 
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Kokila Bharti Jaiswal, Nithish Kumar V, Pavithra Seshadri (2015): “Low Power 

Wallace Tree Multiplier Using Modified Full Adder” [3]Authors main aim to designing a 

less power consumption of multiplier, here they are taken Wallace tree multipliers with 

modified fulladder using multiplexer. The whole process is done in Verilog HDL and 

simulation is done by using Quatus II. And the whole process is synthesized by using 

SAED90nm CMOS technology in Synopsys Design complier. Finally author concluded In 

the ASIC synthesis of the Wallace tree Multiplier by using mux based fulladder the results 

shows in terms of power consumption average reduction is 37.45%, in terms of area 45.75% 

and the time delay average reduction is 17.65% compared to the all current methods finally 

the proposed Wallace tree multiplier is good for the application which we need less power 

and lesser area applications. 

 

Indrayani Patle, Akansha Bhargav, Prashant Wanjari(2013): “Implementation of 

Baugh-Wooley Multiplier Based on Soft-Core Processor” [4]the author says in this paper, 

they done execution of 16bit Baugh wooley multiplier in Verilog HDL. And the multiplier 

based on the soft core processor. This is embedded soft core processor with high performance 

by XILINX Company. This soft core processer is high configurable and the designer to 

design required own hardware platform. Baugh wooley multiplier is using in this processer to 

utilized fast and efficient processing capacity. Finally they are concluded increasing the speed 

of the custom hardware of multiplier block designed and interface with MicroBlaze 

processor. And also power optimized in the 16bit baugh wooley multiplier is optimized, and 

the power is 163mW. And they are planning to implement 32, 16, 8-bit FFT by using this fast 

and less power Baugh wooley multiplier. 

 

Ms. G. R. Gokhale, Mr. S. R. Gokhale, (2015) “Design of Area and Delay Efficient 

Vedic Multiplier Using Carry Select Adder”  [5]In this paper authors, main aim is to 

designing and developing a less area, less delay of a vedic multiplier. For adding the partial 

products here author used carry select adder, to decrease the time delay in the multiplier. The 

carry select adder(CLSA) is used because the less number of gates used compared to the 

binary to excess one convert(BEC) carry select adder and modified carry select 

adder(MCSLA). The resultant in terms of area, carry select adder is 21% small area than 
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modified carry select adder and 44% small area than binary to excess one convert carry select 

adder. The Vedic Multiplier is 43% small area than Booth multiplier. And in terms of time 

delay 15% less compared to booth multiplier. In the parameter, area and time delay the 

proposed Vedic Multiplier is similar to the booth multiplier. Finally author says proposed 

Vedic multiplier is better in area, speed and delay. 

 

Soniya, Suresh Kumar, (2013) “A Review of Different Type of Multipliers and 

Multiplier-Accumulator Unit” [6]In this paper authors discuss about fast speed, less power 

multiplier accumulator unit, and several types of multipliers those are used in the DSP 

applications(FFT, FIR, Convolution)etc. in this authors explain several multipliers array , 

Wallace tree, booth, sequential and combinational multipliers. In those multipliers several 

types of techniques applied to check the multiplier is speed and less power consumption. The 

applied techniques are pipelined technique, Spurious Power Suppression Technique (SPST) 

technique and block enabling technique.  In the pipelined technique is used in booth 

multiplier to decrease the time delay in every stage. In the SPST Tech. is used to remove the 

useless portion of data for decrease the power. Enabling technique is also used to reducing 

the power. Finally authors concluded in terms of speed, pipeline technique is better for booth 

and Spurious Power Suppression Technique (SPST) and enabling technique is better in terms 

of less area and power. 

 

Abhishek Mukherjee, Abhijit Asati, (2013) “Generic Modified Baugh Wooley 

Multiplier” [7]in this paper, they are done with the HDL code of Baugh Wooley multiplier. 

The main aim of the author is comparing the conventional Baugh Wooley multiplier and 

simple default multiplier and modified multiplier. In conventional Baugh-Wooley multiplier 

they are added partial products using ripple carry adder, and it can be replace again in 

modified Baugh- Wooley multiplier with the carry select adder, and the calculate the 

parameters are the area, power, speed of the multiplier. And the whole process is done is 

done by synthesis results and they are taken operand size ranging N is (4 to 60) using in 

90nm technology.  Finally the author concluded the modified Baugh Wooley multiplier is 

better speed than the conventional multiplier and as well in terms of area and power similar to 

the conventional and simple default multiplies according to the synthesis report. 
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Sumit Vaidya, Deepak Dandekar, (2010) “Delay-Power Performance Comparison of 

Multipliers in VLSI Circuit Design” [8]In this paper, they described the comparisons of the 

Vedic multiplier with the other multiplier  like Wallace tree multiplier and array multiplier. 

And the Vedic multiplier is done with two sutras “Urdhva Tiryakbhyam” algorithm and 

another sutra is “Nikhilam Sutra”. The author briefly explained about Wallace tree and array 

multiplier. Here also compared the multipliers are in terms of speed, area, time delay and 

power factors. By using the nikhilam sutra we can get the faster multiplication than the 

Urdhva Tiryakbhyam algorithm of the multipliers, because the speed of the multiplier is 

increasing by reducing the number of iterations. The time delay comparison is done with 

array and booth multiplier in 8 bit and also in 16 bit, in the array multipliers time delay is 

47ns, 92ns and in booth multiplier 117ns, 232ns and in the vedic multiplier in 8bit 27ns and 

in 16bit 39ns. And they are compared multiplier in three different logics. They are CMOS 

and complementary pass transistor and pass transistor logics. 

 

Pramodini Mohanty, (2013) “An Efficient Baugh-Wooley Architecture for Signed & 

Unsigned Fast Multiplication” [9]This paper presents the good, efficient, and high speed 

multiplier with the method shift & add method for Baugh-wooley multiplier. In this baugh 

wooley multiplier we are suing less adder and then we can iterative steps are less. The area is 

also less compared to the serial multipliers. This multiplication good because in the 

fabrication the chips, and the good systems need less components circuits. The results are 

saying the proposed circuit is correct performance and less hardware components and low 

power. The dynamic power they get 15.3mW and the timing delay is 3.912ns. they get best 

results compare to their base paper, For improving the multiplier characteristics they are 

using pipelining resistor technique. 

 

Amrita Nanda, Shreetam Behera, (2014) “Design and Implementation of Urdhva-

Tiryakbhyam Based Fast 8×8 Vedic Binary Multiplier” [10]in this paper , author design a 

high speed 8bit multiplier by using the Indian ancient Vedas, vedic mathematics, there so 

many multiplication techniques, one of that is Urdhva-Tiryakbhyam sutra from the vedic 

mathematics. First he proposed 4bit Vedic multiplier by using the four bit adder to reduce the 

time delay. And using this 4bit Vedic multiplier, authors designed a 8bit vedic multiplier with 

using the fast adders. The time delay is good in this multiplier compare to the array, booth 
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multiplier. The multiplier is done by, VHDL coding. And the synthesis is done by using the 

Xilinx ISE14.4 Software. Finally they applied this code in FPGA Spartan 3e board. Finally 

author says that the designed multiplier is good in terms of time delay. 

 

Taye Girma, (2013) “Designing and Synthesizing a Wallace Tree Multiplier for High 

Speed Performance”[15] In this paper, describes the designing and synthesis of the 8bit 

Wallace tree multiplier. Theses multipliers are used basically in DSP applications and 

microprocessors. The basic operation of the Wallace tree multiplier is addition of partial 

products. Here a new algorithm for the Wallace tree multiplier. 3stages to do this multiplier 

they are PP matrix generated, and next stage is reduce the PP terms by using the fulladder and 

half adder. And here author used carry look-ahead adder. The time delay is reducing, due to 

the route, logic gates. Finally the author concluded that the presented method is efficient for 

speed multiplication. 

 

Pramod S. Aswale,  Mukesh P. Mahajan, Manjul V. Nikumbh, Omkar S. Vaidya, 

(2015), “Implementation of Baugh-Wooely Multiplier and Modified Baugh Wooely 

Multiplier Using Cadence (Encounter) RTL” [16]In this paper, authors describe the less 

power and speed is high by using the shift and add algorithm using of baugh wooley 

multiplier. And here done with 5bit baugh wooley multiplier using cadence RTL compiler. 

And he concluded that the modified baugh wooley is better than the conventional baugh 

wooley multiplier, and the 5bit BW multiplier operating frequency is 160Mhz. this multiplier 

depends upon the required application. The author concluded that the modified baugh wooley 

is 109 x speeds than the conventional array multiplier. And  102x speeds than the 

conventional baugh wooley multipler 
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CHAPTER 3 

COMPLEX MULTIPLIERS 

3.1 VEDIC MULTIPLIER 

Vedic multiplier is comes from the Vedic mathematics and It is the ancient Indian 

method of mathematics. This was reconstructed from Vedas by Sri Bharati Krishna Tirthaji 

(1884-1960) after his 8years of analysis on Vedas. He proposed Vedic mathematics is mostly 

depends on sixteen sutras, in one of that is Urdhva-Tiryakbhyam sutra. 

Sixteen sutras in Vedic mathematics:- 

1. Yaavadunam (At all the extent of its lack).    

2. Vyashtisamanstih (Share and Complete).   

3. Urdhva-Tiryakbhyam (Vertically and crosswise). 

4. Sopaantyadvayamantyam (The critical and double the penultimate). 

5. Shunyam Saamyasamuccaye (if the sum is the same then the sum is zero). 

6. Sankalana-vyavakalanabhyam (by addition& by subtraction).  

7. Shesanyankena Charamena (The remainders by the last digit).  

8. Paraavartya Yojayet (Transposeing & adjust). 

9. Puranapuranabyham (it is the completion / Non-completion).  

10. Gunitasamuchyah (The POS is equal to the SOP).  

11. Nikhilam Navatashcaramam Dashatah (All from nine & last from ten). 

12. Ekanyunena Purvena (By one < the before one). 

13. Gunakasamuchyah (all The factors of the sum = sum of the factors). 

14. Chalana Kalanabyham (Differences & Similarities).  

15. Ekadhikina Purvena (By one higher than the before one). 

16. (Anurupye) Shunyamanyat (If one thing in ratio, the other should be zero). 

3.1.1 Urdhva-Tiryakbhyam Sutra:- 

The Vedic multiplier is mainly depends on Urdhva Tiryakbhyam sutra from the Vedic 

mathematics. This sutra is also called (vertical and crosswise) sutra. This sutra is basically 

used for the multiplication of two decimal numbers. And this method used for binary 

numbers also. The process of vertical and crosswise algorithm is firstly the least significant 

bits(a0,b0) are multiplicand which gives the least significant bit of the end 

product(Vertical).Carry will add to the second multiplicand. In second step a0, b1 act as 

crosswise multiplicand and a1, b0 act as vertical multiplicand. Here also carry will add to 

third step. In every step the carry will add to the next step of the algorithm. This process is 

going on till we get the final product. 
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Fig.3.1. Vertical and crosswise algorithm 

 

Fig.3.2 Example for the vertical and crosswise algorithm 

By using half adder and full adder we can add the partial product terms. The Basic gate-level 

architecture of Vedic Multiplier 

3.1.2 Vedic 2x2 bit Multiplier:- 

In the 2bit Vedic Multiplier let us take two bit numbers y and z; here y is (a1, a0) and z is (b1, 

b0). In this multiplication firstly the LSB bit is multiplied and it gives the LSB of the final 

product in vertical. And multiplicand is multiplied with the highest bit of the multiplier and 

that can be included with the result of least significant of multiplier and the coming bit of 

multiplier of crosswise. This process we can do until get the final product of the multiplier. 

Sum= a0b0; Carry1sum1= (a1b0 + a0b1) ; Carry2sum2= (c1+ a1b1)  

The final product will be P= (carry2.sum2.sum1.sum0). 

 

Fig.3.3 2bit Vedic multiplication method 
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Fig.3.4. Block diagram of 2bit Vedic multiplier 

 

3.1.3 Vedic 4bit Multiplier:- 

In the 4bit Vedic multiplier let us take two bit numbers y and z; here y is (a3, a2, a1, a0) and z 

is (b3, b2, b1, b0). In this multiplication firstly the LSB bit is multiplied and it gives the LSB of 

the final product in vertical. And multiplicand is multiplied with the highest bit of the 

multiplier and that can be included with the result of least significant of multiplier and the 

coming bit of multiplier of crosswise. This process we can do until get the final product of the 

multiplier. 

The final product will be P= (p7, p6, p5, p4, p3, p2, p1, p0) 

 

Fig.3.5. Block diagram of 4bit Vedic multiplier 
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3.1.4 Vedic 8x8 multiplier:- 

In the 4bit Vedic multiplier let us take two bit numbers y and z; here y is (a7, a6, a5, a4, a3, a2, 

a1, a0) and z is (b7, b6, b5, b4, b3, b2, b1, b0). In this multiplication firstly the LSB bit is 

multiplied and it gives the LSB of the final product in vertical. And multiplicand is multiplied 

with the highest bit of the multiplier and that can be included with the result of least 

significant of multiplier and the coming bit of multiplier of crosswise. This process we can do 

until get the final product of the multiplier. 

The final product will be P= (p15, p14, p13, p12, p11, p10, p9, p8, p7, p6, p5, p4, p3, p2, p1, p0) 

 

Fig.3.6. Block diagram of 8bit Vedic multiplier 
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3.2 WALLACE-TREE MULTIPLIER 

A Wallace tree multiplier is unique and one of the best method to design a digital 

circuit that multiplies two digital numbers. Wallace tree multiplier is based on Wallace tree 

algorithm. In 1964 Australian scientist ChirsWallace introduced this Wallace tree algorithm. 

Wallace tree multiplier is basically done by three steps.  

 Step1 is Generating of partial products,  

 Step2 is grouping and reducing a partial product,  

 Step3 is Final addition. 

 

Fig.3.7. Wallace- Tree algorithm 

 

3.2.1 Wallace tree 4x4 bit multiplier:- 

The Wallace tree algorithm is the three single bit signals are added by the full-adder 

and output sum is given to the following stage fulladder of same bit and the output carry is 

given to the following stage fulladder of a one bit higher position. In 4x4 multiplier, lets 

taken multiplicand as a (a3, a2, a1, a0), and multiplier as b (b3, b2, b1, b0). The Final output 

(multiplication) is P= (y7, y6, y5, y4, y3, y2, y1, y0). 



 

19 
 

 

Fig.3.8. 4bit Wallace tree algorithm 

 

 

Fig.3.9. Block diagram of 4bit Wallace tree multiplier 

After generation of partial products, we will do the grouping and reduction. The grouping of 

partial products and they are adding by using full adder and half adder. We can continue the 

process until we get the result P= (q7, q6, q5, q4, q3, q2, q1, q0). 

 



 

20 
 

3.2.2 Wallace tree 8x8 bit multiplier:- 

The Wallace tree algorithm is the three single bit signals are added by the full-adder 

and output sum is given to the following stage fulladder of same bit and the output carry is 

given to the following stage fulladder of a one bit higher position. In 8x8 multiplier, lets 

taken multiplicand as a (a7, a6, a5, a4, a3, a2, a1, a0), and multiplier as b (b7, b6, b5, b4, b3, b2, b1, 

b0). The Final output (multiplication) is P= (p15, p14, p13, p12, p11, p10, p9, p8, p7, p6, p5, p4, p3, 

p2, p1, p0). 

 

 

Fig.3.10. Block diagram of 8bit Wallace tree multiplier 
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3.3 BAUGH WOOLEY MULTIPLIER 

This was proposed by Baugh and Wooley which is the method for direct 2's 

complement Array multiplication. The indications of all summands are positive this is the 

main advantage of this method, therefore permitting the array to be developed completely 

with the normal full adders.  

     

        For unsigned numbers      For signed numbers 

This uniform structure is exceptionally attractive for VLSI. Baugh-Wooley Multiplier 

is utilized for the both signed unsigned numbers. The Signed Number operands which are 

spoken to in 2's complemented form. Incomplete Products are balanced with the end step that 

negative sign move to last stride, which thusly augment the consistency of the multiplication 

exhibit. Baugh-Wooley Multiplier works on signed operands with 2's complement 

representation to ensure that the indications of every fractional are positive. 

3.3.1 Baugh wooley 4x4 multiplier:- In the 4bit multiplier The Signed Number operands 

which are spoken to in 2's complemented form. Incomplete Products are balanced with the 

end step that negative sign move to last stride, which thusly augment the consistency of the 

multiplication exhibit. Baugh-Wooley Multiplier works on signed operands with 2's 

complement representation to ensure that the indications of every fractional are positive. 

 

Fig.3.11. Architecture of 4bit baugh wooley multiplier 
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3.3.2 Baugh Wooley 5x5 Multiplier: 

 

Fig.3.12. 5x5 bit Baugh-Wooley 2’s complement multiplier 

 

Fig.3.13. Example of the Baugh-wooley multiplier 
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3.3.3 Baugh wooley 8x8 multiplier :- 

In the 8x8 bit multiplier The Signed Number operands which are spoken to in 2's 

complemented form. Incomplete Products are balanced with the end step that negative sign 

move to last stride, which thusly augment the consistency of the multiplication exhibit. 

Baugh-Wooley Multiplier works on signed operands with 2's complement representation to 

ensure that the indications of every fractional are positive. 

 

Fig.3.14. Architecture of 8bit baugh wooley multiplier 
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CHAPTER 4 

OBJECTIVE AND SCOPE OF STUDY 

4.1 Objective of the study:- 

 To design 4,8-bit Vedic multiplier, Wallace tree multiplier, Baugh wooley multiplier.  

 To design Verilog code i.e., main module and test bench for all the three multipliers. 

 To implement the code in Xilinx and Cadence NCsim and generate the waveform and 

RTL on different technologies. 

 To analysis the Timing, Area, Power on 45nm, 90nm, 180nm technologies. 

 To compare the different parameters for different technologies. 

4.2 Tools/ Software are used: 

Xilinx, Cadence NCsim 

4.3 Technologies used: 

45nm, 90nm, 180nm. 

4.4 Scope of the study:- 

In the digital world, Multipliers are the most important components of the central 

processing unit. Multipliers are required in Athematic and logical unit (ALU)s. For the 

calculating memory address and the floating point calculation in the multiplication. 

Multipliers are also very important components in the digital signal processing (DSP), 

microprocessors. As day by day, digitalization is increasing in every application, so that the 

speed of the processors is increasing. So, to fulfil the demand of digitalization we need adders 

which provide us accurate outputs with very less consumption of the constraints given below. 

The speed and the accurate results of a digital system are mostly influenced by the 

operation of respective multipliers. The main constrain for the designing of multiplier are the 

area, power, speed, time delay. 

 So, multipliers with optimized area, power efficient i.e., consumes very much less 

power, high speed and also performing the operation using the less number of cells. 
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CHAPTER 5 

     RESEARCH METHODOLOGY 

5.1 PROBLEM FORMULATION: 

As day by day digitalization is increasing in every application and so that the speed of 

processors are increasing. So, to fulfil the demand of digitalization we need multipliers which 

provide us accurate outputs with very less consumption of the constraints given below. 

The speed and the accurate results of a digital system are mostly influenced by the 

operation of respective multipliers. The main constrain for the designing of multiplier are the 

area, power, speed, time delay. 

 

5.2 DESIGN APPROACH: 

 For designing fast multipliers, extensive literature survey was done.  To implement 

them we need Verilog code i.e., main module and test bench. After getting the module for 

respective multiplier we tried to simulate the module in Xilinx and cadence NCsim tool, at 

this time we get the simulation result for different input combination. For synthesis of delay 

and power we use fast.lib and slow.lib where we check the delay and power at 45nm, 90nm, 

180nm technologies. So, finally our main aim is to compare these techniques at the different 

technologies. 
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CHAPTER 6 

RESULTS AND DISCUSSION 

Simulation and Synthesis Results of Multipliers: - 

6.1 VEDIC MULTIPLIERS:-  

6.1.1 Vedic 4bit Multiplier:-  

Vedic multiplier has been implemented in Xilinx and NC simulation using gate level 

modelling for verification we have taken the results and verified with industry standard 

cadence tools. 

 

Fig.6.1. 4bit Vedic multiplier 

 

Fig.6.2.RTL View of 4bit Vedic Multiplier 
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Fig.6.3. Output waveform of 4bit Vedic multiplier. 

6.1.2 Power Synthesis Result for 4bit vedic multiplier: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 

45nm technology. As to these supply voltages the results for fast.lib and slow.lib are shown 

below: 

A. Using 45nm Technology 

Fast.lib            Slow.lib 

 

Power synthesis report for 4bit Vedic multiplier using 45nm 
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A. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Power synthesis report for 4bitVedic multiplier using 90nm 

A. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

 Power synthesis report for 4bit Vedic multiplier using 180nm 
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6.1.3 Delay and Timing Synthesis Results of 4bit vedic multiplier: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib 

at supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology 

and supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for 

fast.lib and slow.lib are shown below: 

A. Using 45nm Technology 

Fast.lib              Slow.lib 

 

 Timing Synthesis Report for 4bit Vedic multiplier using 45nm 

A. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Fig.6.8. Timing Synthesis Report for 4bit Vedic multiplier using 90nm 
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A. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

Timing Synthesis Report for 4bit Vedic multiplier using 180nm 
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6.1.4 Vedic 8bit Multiplier:-  

Vedic multiplier has been implemented in Xilinx and NC simulation using gate level 

modelling for verification we have taken the results and verified with industry standard 

cadence tools. 

 

Fig.6.4. 8bit Vedic multiplier 

 

 

Fig.6.5. RTL view of 8bit vedic multiplier 



 

32 
 

 

Fig.6.6. Output waveforms of the 8bit vedic multiplier 

6.1.5 Power Synthesis Result of 8bit vedic multiplier: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 

45nm technology. As to these supply voltages the results for fast.lib and slow.lib are shown 

below: 

B. Using 45nm Technology 

Fast.lib            Slow.lib 

 

Power synthesis report for 8bit Vedic multiplier using 45nm 
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B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Power synthesis report for 8bit Vedic multiplier using 90nm 

B. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

Power synthesis report for 8bit Vedic multiplier using 180nm 
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6.1.6 Delay and Timing Synthesis Results: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib 

at supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology 

and supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for 

fast.lib and slow.lib are shown below: 

B. Using 45nm Technology 

Fast.lib              Slow.lib 

 

Timing Synthesis Report for 8bit Vedic multiplier using 45nm 

B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Timing Synthesis Report for 8bit Vedic multiplier using 90nm 
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B. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

Timing Synthesis Report for 8bit Vedic multiplier using 180nm 

 

 

 

 

 

 

 

 

 

 

 

 



 

36 
 

6.2 WALLACE TREE MULTIPLIER 

4bit Wallace tree 

The multiplier has been designed in Xilinx and NCsim using gate level modelling for 

verification we have taken the results and verified with industry standard cadence tools. 

 

Fig6.7. Wallace tree 4bit multiplier 

 

Fig6.8. RTL View of Wallace tree 4bit multiplier 
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Fig.6.9. Output waveform of Wallace tree 4bit multiplier. 

6.2.1 Power Synthesis Result: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 

45nm technology. As to these supply voltages the results for fast.lib and slow.lib are shown 

below: 

A. Using 45nm Technology 

Fast.lib:      Slow.lib: 

 

Power synthesis report for 4bit Wallace tree multiplier using 45nm 



 

38 
 

A. Using 90nm Technology 

Fast.lib          Slow.lib 

     

 Power synthesis report for 4bit Wallace tree multiplier using 90nm 

 

A. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

 Power synthesis report for 4bit Wallace tree multiplier using 180nm 
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6.2.2 Delay and Timing Synthesis Results: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib 

at supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology 

and supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for 

fast.lib and slow.lib are shown below: 

A. Using 45nm Technology 

Fast.lib              Slow.lib 

 

Timing Synthesis Report for 4bit Wallace tree multiplier using 45nm 

B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 4bit Wallace tree multiplier using 90nm 
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C. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 4bit Wallace tree multiplier using 180nm 
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6.2.3 8BIT WALLACE TREE:- 

The multiplier has been designed in Xilinx and NCsim using gate level modelling for 

verification we have taken the results and verified with industry standard cadence tools. 

 

Fig.6.10. 8bit Wallace tree multiplier 

 

 

Fig.6.11. RTL view of 8bit Wallace tree multiplier 
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Fig.6.12. Output waveforms of the 8bit Wallace tree multiplier 

6.2.4. Power Synthesis Result: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 

45nm technology. As to these supply voltages the results for fast.lib and slow.lib are shown 

below: 

C. Using 45nm Technology 

Fast.lib            Slow.lib 

 

Power synthesis report for 8bit Wallace multiplier using 45nm 
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C. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Power synthesis report for 8bit Wallace multiplier using 90nm 

C. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

 Power synthesis report for 8bit Wallace multiplier using 180nm 
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6.2.5 Delay and Timing Synthesis Results: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib 

at supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology 

and supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for 

fast.lib and slow.lib are shown below: 

C. Using 45nm Technology 

Fast.lib              Slow.lib 

 

 Timing Synthesis Report for 8bit Wallace multiplier using 45nm 

C. Using 90nm Technology 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 8bit Wallace multiplier using 90nm 
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C. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 8bit Wallace multiplier using 180nm 
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6.3 BAUGH WOOLEY MULTIPLIER 

6.3.1. Baugh wooley 4bit multiplier 

The multiplier has been designed in the Xilinx, Ncsim using gate level modelling for 

verification we have taken the results and verified with industry standard cadence tools. 

 

Fig6.13. Baugh wooley 4bit multiplier 

 

Fig6.14. RTL View of Baugh wooley 4bit multiplier 
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Fig6.15. Output waveform of Baugh wooley 4bit multiplier 

6.3.2 Power Synthesis Result: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 

45nm technology. As to these supply voltages the results for fast.lib and slow.lib are shown 

below: 

A. Using 45nm Technology 

Fast.lib            Slow.lib 

 

Power synthesis report for 4bit Baugh wooley multiplier using 45nm 
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B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

 Power synthesis report for 4bit Baugh wooley multiplier using 90nm 

C. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

 Power synthesis report for 4bit Baugh wooley multiplier using 180nm 
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6.3.3 Delay and Timing Synthesis Results: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib 

at supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology 

and supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for 

fast.lib and slow.lib are shown below: 

A. Using 45nm Technology 

Fast.lib              Slow.lib 

 

 Timing Synthesis Report for 4bit Baugh wooley multiplier using 45nm 

B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 4 bit Baugh wooley multiplier using 90nm 
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C. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 4bit Baugh wooley multiplier using 180nm 
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6.3.4 Baugh wooley 8bit Multiplier:- 

The multiplier has been designed in Xilinx and NCsim using gate level modelling for 

verification we have taken the results and verified with industry standard cadence tools. 

 

Fig.6.16. 8bit Baugh Wooley multiplier 

 

 

Fig.6.17. RTL view of 8bit Baugh Wooley multiplier 

 



 

52 
 

 

Fig.6.18. Output waveforms of the 8bit Baugh Wooley multiplier 

6.3.5 Power Synthesis Result: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 

45nm technology. As to these supply voltages the results for fast.lib and slow.lib are shown 

below: 

D. Using 45nm Technology 

Fast.lib            Slow.lib 

 

Power synthesis report for 8bit Baugh wooley multiplier using 45nm 
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D. Using 90nm Technology 

Fast.lib          Slow.lib 

 

 Power synthesis report for 8bit Baugh wooley multiplier using 90nm 

D. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

 Power synthesis report for 8bit Baugh wooley multiplier using 180nm 
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6.3.6 Delay and Timing Synthesis Results: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib 

at supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology 

and supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for 

fast.lib and slow.lib are shown below: 

D. Using 45nm Technology 

Fast.lib              Slow.lib 

 

Timing Synthesis Report for 8bit Baugh wooley multiplier using 45nm 

D. Using 90nm Technology 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 8bit Baugh wooley multiplier using 90nm 
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D. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

 Timing Synthesis Report for 8bit Baugh wooley multiplier using 180nm 
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6.4. Performance Evaluation for 4x4 multipliers:- 

Here we are comparing the synthesis of the taken multiplier, 4bit Vedic, Wallace tree 

multiplier and baugh wooley multipliers in terms of area and power and time delay.  

 

Comparative analysis of fast multipliers for 4bit 

      
Fast 

multipliers 

Technology 

used 
Type Cells 

Total 

Power 

(nW) 

Total 

Delay(ps) 

Vedic 

multiplier 

45nm Fast 31 6221.449 512 

  Slow 31 4314.216 1720 

90nm Fast 31 16132.59 553 

  Slow 31 10800.55 2164 

180nm Fast 31 87615.51 1094 

  Slow 31 53358.82 2658 

Wallace 

tree 

multiplier 

45nm Fast 31 6076.655 466 

  Slow 31 4215.107 1579 

90nm Fast 31 16127.1 509 

  Slow 31 10591.51 1902 

180nm Fast 31 86606.6 1096 

  Slow 31 52815.12 2702 

Baugh 

Wooley 

multiplier 

45nm Fast 31 7587.767 590 

  Slow 31 512.534 1947 

90nm Fast 33 18741.5 638 

  Slow 33 12355.87 2396 

180nm Fast 32 112274 1116 

  Slow 32 67467.99 2818 

 

Table6.1. Comparison between the parameters of 4-bit Vedic, Wallace, Baugh wooley 

multiplier 
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6.5. Performance Evaluation for 8x8 multipliers:- 

Here we are comparing the synthesis of the taken multiplier, 8bit Vedic, Wallace tree 

multiplier and baugh wooley multipliers in terms of area and power and time delay.  

 

Comparative analysis of Fast multipliers 8 bit 

      
Fast 

multipliers 

Technology 

used 
Type Cells 

Total 

Power 

(nW) 

Total 

Delay(ps) 

Vedic 

multiplier 

45nm Fast 143 43023.68 1036 

  Slow 142 28914.86 3457 

90nm Fast 145 109978.4 1122 

  Slow 145 71957.79 4194 

180nm Fast 143 666989.5 2419 

  Slow 143 398013.8 5813 

Wallace 

tree 

multiplier 

45nm Fast 115 35183.65 1471 

  Slow 115 23601.53 4876 

90nm Fast 115 92618.17 1574 

  Slow 115 60868.62 5843 

180nm Fast 115 616756.3 3068 

  Slow 115 370575.8 7690 

Baugh 

Wooley 

multiplier 

45nm Fast 121 40275.58 1214 

  Slow 121 26984.85 3944 

90nm Fast 123 102748.4 1297 

  Slow 123 69454.84 4854 

180nm Fast 122 703175.3 2675 

  Slow 122 420532.4 6494 

 

Table6.2. Comparison between the parameters of 8-bit Vedic, Wallace, Baugh wooley 

multiplier 
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CHAPTER 7 

CONCLUSION AND FUTURE SCOPE 

Vedic, Wallace tree, Baugh wooley multipliers has been implemented using Verilog 

in cadence. For simulation, cadence NCsim and for synthesis Encounter RTL compiler has 

been used. As a result, it has been concluded that 4-bit and 8-bit multipliers gives result in all 

three Technologies 180nm, 90nm, and 45nm. As per analysis of three multipliers conclusion 

can be drawn and suggestion can be made with reference to area, power and speed. By 

adopting these types of like Vedic, Wallace, Baugh-wooley multiplier accurate performance 

can be achieved when compared to the existing techniques. In terms power dissipation 

Wallace tree multiplier is better, in terms of time delay and area Vedic multiplier is better. 

And combination of these all (power, time delay, and area) Baughwooley is better comparing 

with Vedic and Wallace tree multiplier. Multipliers have proven effective in DSP, other 

applications, to increase speed of the DSP, Microprocessor chips and digital communication. 

In future, we will further compare with these Vedic, Wallace tree, Baugh wooley 

multipliers with other multipliers for different parameters such as area, power and delay as 

well as total number of cells used to give the reduced number of output bit steam as 

compared to these three multiplies. So these three multipliers which will be more efficient in 

terms of area, power And delay should give a reduced bit stream outputs as compared to 

these three multiplies will be the efficient multipliers Techniques. 

Depending upon the parametric analysis these fast multipliers have utilized in MAC 

unit in DSP application 
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