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ABSTRACT 
 

 This article presents the design of multiplier. It means to perform a repeated addition while processing the 
addition we can get a multiplier and the performance of any processor or controller will depend upon its power, 
size and delay. So the power, size and delay should be less in order to get an effective processor or controller. 
Each and every processor has ALU (Arithmetic logic units). That arithmetic operation includes Addition, 
Subtraction, Multiplication, Division, shifter and many units. Multiplication is an important function in arithmetic 
operations, and it is more complex to develop the next level of bits. To illustrate the proposed multipliers 
exhibiting low power dissipation, the theoretical analyzing switching activates of partial products are derived and 
it is also 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., The multiplier circuits are schematized and their layouts are design and generated 
by using VLSI CAD tools. 
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I. INTRODUCTION 
 BY increasing the demand on having, 
microprocessor and microcontroller with high speed 
and low power, designers should meet lot of problems 
In fact half adder is the most frequently used in 
processor for need of doing operation like adder, 
subtract, multiply and divide. To getting a various 
operation in ALU in such a wise of list multiplier unit 
is one of major units, with the highest level of power 
consumption and lowest speed. The multiplier is a 
basic building block in processor and controller. 
Multipliers having wide application in recent trends of 
embedded world. Multiplier is the processing of adding 
a number of partial products. It can be perform 
incisively mentioned that if speed, size and power of 
this multiplier unit is optimized, when the whole 
system can optimized in speed, size and power. For 
optimizing the partial product in those parameters, in 
the design of digital calculation systems, many units 
are applied.  
Now the embedded world everywhere needs this 
technique for its size, speed and power are consumed. 
 

 Multiplier is performed an operation like a 
repeated addition so such additions are in digital 
electronic technique by full adder and half adder. The 
difference between full adder and half adder is that in 
half adder there is no input carry. For designing 
multiplier unit, which frequently is used in processing 
DSP, adder unit is used. But in some part of portion in 
partial product of multiplier unit half adder can also be 
used instead of full adder, because in comparison to 
full adder, half adder has low power consumption 
power and it perform a high speed, Because of by the 
reason the fewer number of transistor only used. In the 
operation of planner MOSFET scaling down of CMOS 
technology leads severe short channel effects will lead 
to degrade the performance. In designing digital 
integrated systems, occupied space, that is the number 
of transistor, are of high importance for designer. The 
lowest space is occupied by units, the best integration 
process can be done and make as a good result systems 
with higher speed and lower power can be designed. 
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II. CMOS BASED MULTIPLIER 
CMOS based multiplier is existing method by 

based on Boolean method.  Here the Shannon 
based logic adder is used to get reduce the number of 
transistor in CMOS and the power, size also be 
reduced.  

While if we can reduce the number of 
transistor in adder means we can also implement in 
multiplier, regarding to design an 8x8 multiplier using 
by a Shannon full adder based,  Unless taking the 
power consumption is dramatically reduced, the result 
will get a best processor package and performance of 
VLSI circuits and systems. 
 
III. SHANNON FULL ADDER 
 
 The Shannon full Adder circuit as shown in 
fig.1 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) 

   
 

 
 

Fig.1.Shannon’s adder cell 

 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 analyzed 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 

 
 

IV. MODIFIED SHONNON BASED FULL 
ADDER CELL 
 
 The proposed Shannon full adder cells 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’ 
             C = (A ⊕B)’B + (A⊕ B) C 
 
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.  

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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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 avoid the critical path 
delay. The C and C’ output nodes are called as 
differential node of the circuit for sun operation.  
  
 

 
Fig.2. Modified 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. 
 
 
V. MULTIPLIER DESGIN 
 

In this paper, we have going to propose a 
modified 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 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.2.  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. 
 

 
 

Fig.3. 4*4 Multiplier 
  
VI. RELATED WORK  
 
 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. 
 
 
VII. RESULT AND DISCUSSION 
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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 

 

 
 

TABLE.3. SHANNON’S ADDER BASED 
OPERATING WITH 3.0 VOLT MULTIPLIER 

 

 
TABLE.4. SHANNON’S ADDER BASED 

OPERATING WITH 1.5 VOLT MULTIPLIER 
 

 
 

S.no Adder Input bits Power 

(mW) 

Transistor 

count 

Area 

μm2 

Speed 

(Ghz) 

Delay 

(ns) 

PDP(10-12 

W-s) 

1 Shannon 

Adder 

8*8 Array 

Multiplier 

0.0663 1,168 0.0513

92 

13.39 74.65 4.94 

2 Shannon 

Adder 

8*8 Baugh 

wooley 

Multiplier 

0.013  1,114 0.0490

16 

114.54 8.73 0.11 

S.no Adder Input bits Power 

(mW) 

Transistor 

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 

S.no Adder Input bits Power 

(mW) 

Transistor 

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 
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VIII.RESULT 
 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 modified 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. 
 
IX. 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. 

 
X. 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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