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Abstract: This Paper introduces the outline of multiplier. It intends to perform a rehashed expansion while 

transforming the expansion we can get a multiplier and the execution of any processor or controller will hinge on its 

size, delay and energy. To show the proposed multipliers showing low power scattering, the hypothetical dissecting 

exchanging enacts of fractional items are inferred and it is additionally utilized as a part of DSP, augmentation 

methodology is utilized within numerous requisition like estimations and instrumentation provisions, for example, 

channels, correspondence, Image preparing, Robotics, Intelligence of implanted frameworks, enhancements and 

representation and so on., The multiplier circuits are schematized and their layouts are outline and created by 

utilizing VLSI CAD tool.  
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1. INTRODUCTION  

Low power plan has pulled in huge consideration in 

later years. BY expanding the interest on having, chip 

and microcontroller with fast and low power, 

originators might as well meet parcel of issues truth be 

told half adder is the most every now and again utilized 

as a part of processor for necessity of doing operation 

like adder, subtract, multiply and divide. A high speed 

multiplier is enormously coveted, since augmentation 

uses the greater part of the execution time in numerous 

Digital Signal Processor (DSP) apparatuses . There are 

three imperative issues to be recognized in the Very 

Large Scale Integration (VLSI) plan: the chip territory, 

velocity of calculation and force dissemination [1]. 

Numerous multiplier circuit outlines have been 

proposed, which figure out how to work at more level 

spread deferrals with lesser force dispersal and an easier 

force rating of info bits [2]. Acknowledging speed, the 

Braun multiplier, Booth multiplier and high-radix 

multiplier are the speediest sorts of multipliers [3]. 

Right away the installed world all-around necessities 

this system for its size, speed and energy are devoured.  

Multiplier is performed an operation like a rehashed 

expansion so such increases are in computerized 

electronic strategy by full adder and half adder. Hence 

the Adder design should be efficient enough to give the 

better results with respect to the quality design metrics 

like, size, delay and energy.  

     Full adder is a little more difficult to implement than 

a half-adder. The main difference between a half-adder 

and a full-adder is that in half adder there is no input 

carry. For planning multiplier unit, which habitually is 

utilized within handling DSP, adder unit is utilized.  

Anyway in some a piece of part in fractional result of 

multiplier unit half adder can additionally be utilized 

rather than full adder, in light of the fact that in 

correlation to full adder, half adder has low power 

utilization force and it perform a fast, Because of by the 

explanation for why the fewer number of transistor just 

utilized. 

2. RELATED WORK  

Wang et al (2000) have demonstrated that the power 

consumption of the clocking system cannot be 

overlooked in the design of low power pipelined 

multiplier. It was proposed that the pulse triggered true 

single phase clocking flip-flop can be incorporated. The 

pipelined multiplier with 8x8 bit size was designed and 

implemented using the developed flip-flop together 

with the 14-transistor pseudo nMOS full adder 

employing 0.6μm technology. Rettberg et al (2002) 

considered different multiplier implementations of the 

FLYSIG architecture. The data-flow characteristics of 

typical application were reflected by the developed 

architecture. There was no clock signal in the 

asynchronous design and the operators were only active 

whenever the valid data was present. This developed 

design reduced the power.  

     It was reported that the total power consumption of a 

multiplier depends on the number of adders required 
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and can be reduced by minimizing the complexity of 

the system (Wu et al 1998). It was also reported by Wu 

and Ave (1996) that the performance of adder circuit 

can be achieved with pipelined multiplier 

implementation. It may be concluded from the 

comparison that the design consumed less power, less 

area in terms of number of transistors than the other 

high speed CMOS based logic families. Shams et al 

(2002) have studied and evaluated the performance of 

adder cells by separating into sub modules. Twenty 

different 1-bit full-adder cells were constructed by 

connecting different combinations of these modules and 

each of the cells exhibited different power 

consumption, speed and area. A library of full adder 

cells was developed and presented to the circuit 

designers. Adders operation performed with multipliers, 

one of the main reasons causing the leakage power 

increase of sub-threshold leakage power. When 

technology is developed to make a design to reduce the 

size through in nanometer range it will take by the 

power less module. And power calculation using 

Tanner tool s-edit.  

     Tanner is used for schematic and output waveforms 

are observed. Propagation delay and area are calculated 

by using Tanner tool.  

 

3. PRELIMINARIES 

     A) Adder Implementation  

A basic cell in digital computing systems is the 1-bit 

full adder which has three 1-bit inputs (A, B, and C) 

and two 1-bit outputs (sum and carry). The relations 

between the inputs and the outputs are expressed as 

Sum = ABC + ABC + ABC + ABC (1a)  

Carry = AB + BC + CA (1b) 

 

     i) CONVENTIONAL ADDER [2], [4], [6]  

Conventional CMOS Implementation consists of two 

functional blocks pull-up and pull-down. Pull-up 

functional block is implemented with P-channel MOS 

transistors and pull-down functional block is 

implemented with N-channel MOS transistors. In order 

to get symmetrical structure (1a) is rearranged as (2) 

and sum and carry implementation is shown in figure 1.   

Fig.1. Sum = ABC + (A + B + C)Carry                      (2) 

 

Figure 1: Conventional Symmetrical CMOS Full 

Adder 

B) SHANNON FULL ADDER  

     i) SHANNON THEOREM:  

 The Shannon Theorem can be categorized as the 

function of many variables, f (b0, b1, b2, y, bi, y, bn) 

can be written as the sum of two terms, say one with a 

particular variable ai, set to 0, and one with it set to  

1. f (b0, b1, b2, ......, bi,.....y, bn) = bi’f (b0, b1, 

b2, ......, 0,.....y, bn) + bi f (b0, b1, b2, ......, 

1,.....y, bn) (3) 

  

C) Existing Architecture of Shannon Full Adder  

The Shannon full Adder circuit as shown in fig.2 this 

Shannon adder operation that has sum and carry circuits 

are designed based on standard full adder equations. In 

EX-OR gate portion can get result of sum and the 

processed AND gate based OR gated based to get result 

of carry. According to standard full adder equation, the 

sum circuits need three inputs. In order to avoid 

increasing the number of transistors due to addition of a 

third input, as the method of Shannon based adder is 

performed. Shannon’s Theorem Carry = (A.B) + (B.B’) 

Shannon’s full adder Sum= ((A xor B).C’) + ((A xor 

B)’.C) Carry= ((A xor B).C) + ((A xor B)’.A) 

 

Figure 2: Shannon’s adder cell 
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     The number of bit multi operand addition can be 

extended to an n bit multi operand addition by 

cascading the carry save adder operation. The multiplier 

is schematized by Tanner s-edit power optimized 

multiplier using Shannon Based multiplier logic. We 

have analysed the basic circuits compared with 

Shannon adder based multiplier circuits in terms of 

power dissipation and area and observed better 

performance in my proposed Shannon based multiplier 

logic circuit. In a 20μm range based used in tanner tool 

and to reduce the transistor, speed of switching product 

increased by this Shannon’s based adder. This is 

possible to get a better result of taking size is optimized 

and it’s reduced compare with normal CMOS adder, in 

this circuit, there is comparative reduction in the 

number of transistor and so reduction Area and power. 

As per the normal full adder’s table shown in Table.1 

 

 

 

 

 

 

 

Table 1: Truth table of full adder 

 

4. IMPROVED SHONNON BASED FULL 

ADDER CELL  

The proposed Shannon full adder cells in figure 3 as 

shown are based on The Shannon Theorem for the sum 

and carry operations. The full adder sum and carry 

circuits are designed based on standard adder circuit 

equations.  

 

S = ABC + A’B’C + AB’C’ + A’BC’                        (4)  

 

C = (A ⊕B)’B + (A⊕ B) C                                       (5)  

 

Input B and its complement are used as the control 

signal for the sum circuit. The two input XOR gate is 

developed using the multiplexer method.  

The output node of the two input multiplexer circuits is 

the differential node. According to standard full adder 

equation, the sum circuit needs three inputs. In order to 

avoid increase in number of transistors due to the 

addition of a third input, the following arrangement is 

made, the CPL X-OR gate multiplying with C’s 

complement input and EX-NOR gate multiplying with 

input C, and thereby reducing the number of transistors 

in sum circuit. Comparing with previous circuit, this 

arrangement will increase the number of transistors but 

it avoids the critical path delay. The C and C’ output 

nodes are called as differential node of the circuit for 

sun operation. 

 

Figure 3: Improved Shannon adder cell 

 

For carry operation A, B and their complements are 

used as a control inputs. A XOR B and its complement 

output node is called the differential node of the circuit 

for carry operation. 

5. MULTIPLIER DESGIN  

In this paper, we have going to propose an improved 

Shannon adder based multiplier here completely using 

by this multiplier when we have designed and analyzed 

carry save adder (CSA) multiplier circuit using based 

on Shannon’s adder cell. The designed feature size is 

20μm and corresponding supply voltage is 5v. And then 

various voltages based shown in table of content.  

       The carry save multiplier is a linear array multiplier 

as shown in Fig.2. The linear multiplier propagates data 

A  B  C  SUM  CARRY  

0  0  0  0  0  

0  0  1  1  0  

0  1  0  1  0  

0  1  1  0  1  

1  0  0  1  0  

1  0  1  0  1  

1  1  0  0  1  

1  1  1  1  1  
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down through the array cell. Each row of CSAs adds 

one additional partial product to the partial sum. As the 

operand size increases, linear array grow at a rate equal 

to the square of the operand size because the number of 

rows in the array is equal to the length of the multiplier, 

and the width of each row is equal to the width of the 

multiplicand. By here we have shown in the Fig.4. 4*4 

multiplier by using Shannon adder-based multipliers as 

it similar same to 8*8, 16*16 and 32*32 etc. here we 

shown tabulation as 8 bit multiplier and it has executed 

by low power consumption compared with normal gates 

based adder cell. 

 

Figure 4: 4*4 Multiplier 

 

6. RESULT AND DISCUSSION  

In the multiplier array, a full adder with balanced carry 

and sum delays is desirable because the sum and carry 

signals are in the critical path. The speed and power of 

the full adder are very important for large arrays. The 

8x8 bit multiplier circuits were simulated with a BSIM4 

layout model. We compared the simulated results of our 

proposed 1-bit adder cell with existing author’s results 

which shows better performance in terms of power 

dissipation and area. Our proposed 1-bit adder cell 

consumes less power, and less area than the various 

proposed 1-bit adder cells, due to regular arrangement 

of transistor tree structure, less critical path and 

multiplexing method of designs. The main reason for 

the lower propagation delay of Shannon-based 

multipliers is that they are balanced in the carry circuits. 

From the simulated results it is clear that the multiplier 

circuits designed based on the proposed adder cell gives 

better performance in terms of power, area than the 

CPL-based adder cell. 

 

 

 

 

Table 2: Shannon’s Adder Based Operating with 5.0 Volt Multiplier 

S.no  Adder  Input bits  Power 

(mW)  

Transisto

r count 

Area 

μm2 

Speed 

(Ghz)  

Delay 

(ns) 

PDP(10 
12

 W-s)  

1  Shannon 

Adder  

8*8 Array 

Multiplier 

0.0663  1,168  0.05139 

       2  

13.39  74.65  4.94  

2  Shannon 

Adder  

8*8 Baugh 

wooley 

Multiplier 

0.013  1,114  0.04901  

       6 

114.54  8.73  0.11  

 

Table 3: Shannon’s Adder Based Operating with 3.0 Volt Multiplier 

 

S.no  Adder  Input bits  Power 

(mW)   

Transisto

r count 

Area 

μm2  

Speed 

(Ghz) 

Delay 

(ns) 

PDP(10

-
12

 W-s) 

1  Shannon 

Adder 

8*8 Array 

Multiplier 

202.6  1,168  0.05139  

     2 

15.71  63.62  0.128  

2  Shannon 

Adder  

8*8 Baugh 

wooley 

Multiplier 

248.6  1,114  0.04901 

     6 

136.42  7.33  0.182  
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Table 4: Shannon’s Adder Based Operating with 1.5 Volt Multiplier 

 

S.no  Adder  Input bits  Power 

(mW) 

Transisto

r count 

Area 

μm2  

Speed 

(Ghz) 

Delay 

(ns) 

PDP(10

-
12

 W-s) 

1  Shannon 

Adder  

8*8 Array 

Multiplier  

202.3  1,168  0.05139 

   2  

160.51  6.23  1.26  

2  Shannon 

Adder  

8*8 Baugh 

wooley 

Multiplier 

0.050  1,114  0.04901 

   6  

251.88  3.97  1.98  

 

 Performance analysis of Shannon based adder is 

obtained using simulated output. Hence here worked 

with array multiplier and Baugh wooley multiplier by 

using an Shannon adder Here the various volt based we 

have shown the Table.2 as operating with 5 volt, 

Table.3 as operating with 3 volt and Table.4 operating 

with 1.5 volt performed an operation in multiplier by 

using improved Shannon’s adder cell and then when we 

going to increase a power the switching activities are 

increased at similarly when we operate with 1.5v that 

means low power consumed operating multiplier is 

getting a better result so that is major role of operation 

in this multiplier It take an operation getting a low 

power and get perfect result is possible in Shannon 

based adder cell. 

7. CONCLUSION  

 The Shannon adder based Carry save adder multipliers 

circuits are simulated by using Tanner’s s-edit VLSI 

CAD tools and Parameters values are analyzed by using 

same tool.  

The circuits were compared with existing circuits. 

Shannon adder based multiplier gives better 

performance than existing circuits in term of power 

dissipation and Area. The proposed multiplier circuits 

can be used in the low power application of VLSI 

circuits. 

8. FUTURE WORK  

In this paper, power dissipation and area of the 

multiplier using the proposed adder cell is compared 

with other multipliers designed using existing adders 

and used in DSP, multiplication process is used in many 

application like measurements and instrumentation 

applications such as filters, communication, Image 

processing, Robotics, Intelligence of embedded 

systems, special effects and graphics etc., Further it can 

be used in applications such as FIR filter, FFT, Rank 

order filters where adders and multipliers plays a major 

role. 
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