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ABSTRACT 
Multiplier plays a vital role in various fields like VLSI systems, Digital Signal Processing applications like FIR filter, Fast Fourier 
Transform etc. The basic building block of multiplier is adder.  The processing speed of multiplier is increased by using different 
types of adders. In this paper, multipliers with various types of adders are designed. In these multiplier techniques the multiplier 
with Ripple carry adder is the best solution for low power applications but its input carry of each stage depends on the previous 
stage output which decreases the speed. Multiplier with Carry look ahead adder and carry select adder operates faster than the 
conventional array multipliers but it occupies more area. We implemented these multiplier algorithms which performs 32×32 bit  
multiplication in CMOS 32nm technology. 

 

KEYWORDS: VLSI, CMOS technology.  

 

INTRODUCTION 

 

Digital computer arithmetic is an aspect of  logic design for developing relevant algorithm in order to 

accomplish an effective utilization of available hardware. The addition and multiplication of two binary numbers 

are essential in high speed system such as DSP, Microprocessor etc. In DSP and Microprocessor, more than 70% of 

instructions perform addition and multiplication. These operations predominates the execution time. Therefore, the 

demand of high speed processing has been rising as a result of enlarging signal processing applications.[1] 

Multipliers are most commonly used in various electronic applications e.g. Digital signal processing in which 

multipliers are used to perform various algorithms like FIR, IIR etc. Earlier, the major challenge for VLSI designer 

was to reduce area of chip by using efficient optimization techniques to satisfy MOORE’S law [2],[3]. Then the 

next phase is to increase the speed of operation to achieve fast calculations like, in today’s microprocessors 

millions of instructions are performed per second. Speed of operation is one of the major constraints in designing 

DSP processors and today’s general-purpose processors. However area and speed are two conflicting constraints. 

So improving speed results always in larger areas. Now, as most of today’s commercial electronic products are 

portable like Mobile, Laptops etc. that require more battery backup. Therefore, lot of research is going on to reduce 

power consumption. So, in this paper it is tried to find out the best solution to achieve low power consumption, less 

area required and high speed for multiplier operation.  

In multiplier design, low power consumption also plays a major role. In order to reduce the significant power 

consumption, it is necessary to reduce the number of operations so that dynamic power can be reduced [4]. The 

main aim of our paper is to implement the multipliers using various types of adders and compare the results in terms 

of delay and power consumption.  

Many algorithms [5],[6],[7],[8],[9] are proposed in the past to perform multiplication process. Every 

algorithm offerings its own advantages and having tradeoff among themselves by means of their speed area, power 

consumption and circuit complexity. In this paper we proposed a crouched power array multipier with alphine 
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speed which consists of ripple carry adder, look ahead carry adder and carry select adder for performing partial 

products. 

 The rest of this paper is organized as follows: Chapter II explains the various multiplier schemes available and 

its advantages and disadvantages. The overview of our proposed work is discussed in Chapter III and Chapter IV 

deals with the simulation results and Chapter V concludes the paper. 

  

II. Related Work: 

Multipliers play an important role in today’s digital signal processing and various other applications. With 

advances in technology, many researchers have tried to design multipliers which offers  either of the following 

design targets – high speed, low power consumption, regularity of layout and hence less area or even combination 

of them in one multiplier thus making them suitable for various high speed, low power and compact VLSI 

implementation. 

 

1.Serial Multiplie: 

 Serial multiplier is used where area and power is of utmost importance and delay can be tolerated. 

Multiplicand and multiplier inputs have been arranged in a special manner synchronized with circuit behavior. 

Depending on the length of the multiplier and multiplicand, the inputs can be presented at different rates. Here two 

clock signals are used, one for data and another for reset operation. The main drawback of serial multiplier 

algorithm is not suitable for large values of multiplier and multiplicand [5]. 

 

2. Serial / Parallel Multiplie: 

 The general architecture of serial/parallel multiplier is shown in the figure 2.1. One operand is fed to the 

circuit in parallel while the other is fed to the circuit in series. N parallel products are formed on each cycle. On 

successive cycles, each  cycle does the addition of one column of the multiplication rate of m*n pps. The final 

results are stored in output register after N+M cycles [6]. 

 

 
Fig. 1: Serial/Parallel Multiplier 

 

3.Shift and Add Multiplier: 

The general architecture of shift and add multiplier is shown in figure 2.2 for a 32 bit multiplication. 

Depending on the value of  multiplier LSB bit, a value of the multiplicand is added and accumulated. At  each clock 

cycle, the multiplier is shifted one bit to the right of its value is tested. If  it is a ‘0’, then only a shift operation is 

performed. If the value is ‘1’, then the multiplicand is added to the accumulator and it is shifted by one bit to the 

right. After all the multiplier bits have been tested, the product is in the accumulator. The accumulator is 2N (M+N) 

in size and  delay is N cycles[7]. 

 



178       Radha. N and A. Abinaya., 2017/Advances in Natural and Applied Sciences. 11(3) March 2017, Pages: 176-181 

                                                                              

 

 

 
 

Fig. 2: Shift and Add Multiplier 

 

3. Array Multiplier: 

With an array multiplier [8], two binary numbers will be multiplied by use of an array of half adders and full 

adders. Simultaneously addition of the different product terms is done in this array. By using an array of AND 

gates, the partial product terms are formed. Following this an array of AND gates, the adder array is used. The 

hardware structure of  an  p×q bit multiplier is described as (p×q) AND gates  (p-1)q adders. Here q half adders and 

(p-2)q full adders. Array multiplier is doing the multiplication process in traditional way. It looks like regular 

structure. Hence wiring and the layout are done in a much simplified manner. Add & shift algorithm is employed in 

an array multiplier. Implementation of this multiplier is simple but it requires larger area with considerable delay. 

 

4.Booth Multiplier: 

To overcome the limitation of array multiplier, the speed of the multiplier is increased by the booth algorithm 

[9],[10]. Booth algorithm reduces the number of partial products. Here the multiplier considers two numbers of bits 

at a time for the multiplication process. The multiplication process for both signed and unsigned numbers can be 

done in this booth multiplier. This multiplier considers the 2’s complement of the given multiplicand and 

multiplier. It is based on radix-2 computation. In add-shift operation, each multiplier bit multiply with the 

multiplicand and to be added to the partial product. 

For very large multiplier, a large number of multiplicands to be added. In this multiplier, number of additions 

can decide the multiplier delay. Booth algorithm can easily reduce the number of multiplicand multipliers. On n-bit 

number can be represented as n/2 digit radix-4 numbers, a n/3 digit radix-8 number and so on. 

Major limitation of array multiplier is its size. As operand sizes increase, arrays grow in size at a rate equal to 

the square of the operand size, hence speed of multipliers. In order to increase the speed of multiplier, booth 

algorithm is used. 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 high speed 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. The low power consumption quality of booth multiplier makes it 

a preferred choice in designing different circuits. By implementing booth algorithm, their computation speed is 

very increased. 

The major drawback of booth multiplier is its irregularity structure. Variable number of add/subtract 

operations and of shift operations between two consecutive add/subtract operations may occur. It is inconvenient 

when designing a synchronous multiplier. 

In order to overcome the drawback of booth multiplier, we proposed a alphine speed, crouched power array 

multiplier for adding each group of partial product terms. We used CSLA, CSA and Carry Look Ahead Adder to 

improve the multiplier speed. In case of multiplier with CSA, CSLA, CLAA, waiting is not necessary until all the 

partial products have been formed before summing them. As soon as the partial products formed immediately, the 

addition of partial product can be done. 

 

III. System Overview: 

In this paper, we proposed four different array adders implemented to the multipliers based on area, power and 

time needed for calculations. For adding partial products, we utilized Ripple Carry Adder (RCA), Carry Select 

Adder (CSA), Carry Look ahead Adder (CSLA). We implemented these multiplier algorithms which performs 

32×32 bit multiplication in CMOS 32nm technology. 

Array multipliers are well known due to its regular structure. Multiplier circuit is based on add and shift 

algorithm. Each partial product is generated by the multiplication of the multiplicand with one multiplier bit. The 
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partial products are shifted according to their bit adders and then added. An array multiplier which performs 32X32 

bit multiplication is illustrated in Figure.3.1below: 

 
 

Fig. 3: 32X32 multiplication 

 

1. Multiplier with Ripple Carry Adder(RCA): 

The simplest way of doing binary addition is to connect the carry-out from the previous bit to the next bit 

carry-in. Each bit takes carry-in as one of the inputs and outputs sum and carry-out  bit and hence it is called as  

ripple carry adder. A ripple carry adder is a digital circuit that produces the arithmetic sum of two binary numbers. 

It can be constructed with full adders connected in cascaded with the carry output from full adder in the chain with 

the interconnection of 32 full adders[11]. Notice that the input is from the right side because the first cell 

traditionally represents the LSB. In the ripple carry adder, the output is known after the carry generated by the 

previous stage is produced. Thus the sum of the most significant bit is only available after the carry signal has 

rippled through the adder from the least significant stage to the most significant stage. As a result, the final sum and 

carry bits will be valid after a considerable delay. The following Figure.3.2 shows 32 bit Ripple Carry Adder. 

 
 

Fig. 3.2: 32 bit Ripple Carry Adder 

 

2. Multiplier with  Carry Look Ahead Adder(CLA): 

This method is used in multi-bit parallel adders where the carry into an individual element of the adder shall be 

predicted by a smaller delay that is required to produce the carry by rippling through previous adder stages as the 

result of adding the less significant addend and augends bits. Logic to achieve this we should examine each pair of 

addend and augends bits in parallel and should infers whether the carries are generated under the previous stages 

will be propagated to the carry input of each adder stage. The fast growing area and power requirements are with 

the respect to bit size. The speed will drop with increase in bit size. It has reduced carry propagation time. It is not 

possible to use CLA to realize constant delay for wider –bit adder since there will be substantial loading 

capacitance hence larger delay and power. Figure.3.3 shows the operation of carry look ahead adder [11]. 
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Fig. 4: 32-Bit Carry Look Ahead Adder 

 

3. Multiplier with Carry Select Adder(CSLA): 

The carry select adder [11] comes in the category of conditional sum adder. Conditional sum adder works on 

some condition. Sum and carry are calculated by assuming input carry as 1 and 0 prior the input carry comes. When 

actual carry input arrives, the actual calculated values of sum and carry are selected using a multiplexer. The 

conventional carry select adder consists of k/2 bit adder for the lower half of the bits i.e. least significant bits and 

for the upper half i.e. most significant bits (MSB’s) two k/bit adders. In MSB adders one adder assumes carry input 

as one for performing addition and another assumes carry input as zero. The carry out calculated from the last stage 

i.e. least significant bit stage is used to select the actual calculated values of output carry and sum. The selection is 

done by using a multiplexer. This technique of dividing adder into stages increases the area utilization but addition 

operation fastens. The block diagram of 32 bit carry select adder is shown in Figure.3.4. 

 

 
Fig. 5: 32-Bit Carry Select Adder 

 

In this approach we make an effort to achieve a better on the whole multiplication time or at least comparable 

to the time with low power consumption and also less transistor count. An 32 bit array multiplier is designed with 

three different adders RCA, CLA and CSLA and their performance analysis is compared. 

 

IV. Simulation Results: 

The 32 bit multipliers using Ripple carry adder, Carry look ahead adder and carry select adders are simulated 

using Xilinx platform in 32 nm CMOS technology. Table I summarizes the performance results obtained. It is clear 

from the table that multiplier with look ahead carry adder produces output faster than other multipliers rather it 

occupies more area. The main objective of VLSI design system is to reduce power consumption, increase speed 

and reduce the area. The proposed array multipliers do the above mentioned requirements when compared with 

conventional multiplier. 
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Table I: Result Comparison 

SCHEME DELAY (ns) POWER (mW) TRANSISTOR COUNT 

Multiplier using RCA 70.41 16.65 64 

Multiplier using CLA 51.22 16.82 68 

Multiplier using CSLA 65.42 17.01 72 

 

Conclusion: 

In this paper, a binary multiplier is designed by using Ripple carry adder, Carry look ahead adder, Carry select 

adder and power analysis are done at various levels. We analyzed the delay constraint and area occupied by these 

three adders and also the relationship among time and area complexity are found. After analyzing all, we conclude 

that the Ripple carry adder is the best suitable for low power applications. But the delay constraint of Carry look 

ahead adder is less compared to other types of adder. A carry look ahead adder is much more faster than Ripple 

carry adder  but it occupies larger area. For 32 bit Multiplier, Carry look ahead adder is used for high speed 

multiplication. The multiplication done with Carry look ahead adder has appropriate twice the speed of multiplier. 
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