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ABSTRACT 
Multipliers and adders are the most significant part of all data 

path circuits in the microprocessor and digital signal 

processor. The power and speed of the multiplier and adder 

affects   the entire performance of the system. In this paper, 

low power multiplier using Hybrid adder is proposed. Also it 

presents the analysis of three modified multipliers: Braun 

array multiplier, Baugh Wooley array multiplier, and CSA 

Multiplier with optimized adders. The multipliers are 

designed with optimized Hybrid and other adders using 

transistor sizing technique. The performance of power and 

delay of the multipliers are analyzed with optimization. All 

circuits are implemented in HSPICE BSIM model at 90nm 

deep submicron technology 
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1. INTRODUCTION 

The new development of CMOS technology allows design 

with billions of transistors is incorporated in a single chip. 

The   increasing complexicity and high performance 

requirements of mobile devices have the power consumption 

problem in all abstraction level. The main power consumption 

consists of dynamic and static power. Dynamic power is the 

most dominant power dissipation in CMOS VLSI   circuits [1-

4].It is caused by the switching activities of the circuits. The 

dynamic power dissipation is due to the charging and 

discharging of the node capacitances is given by: 

𝑃 = 0.5𝐶Vdd
2  E sw  fclk            (1) 

where C is the physical capacitance of the circuit, Vdd is the 

supply voltage, E(sw) (referred as the switching activity) is 

the average number of transitions in the circuit per 1/fclk time, 

and fclk is the clock frequency. Power consumption is reduced 

by any one of the factor. The voltage scaling is the effective 

way for reducing power consumption .Multi supply voltage 

technique is upcoming technique to reduce the dynamic power 

without degrading the other performance [5].In order to 

interface different voltage levels in multi voltage technique, 

the additional circuit like level shifter  

 

is required. Transistor sizing is much significant method for 

the modifying the of circuit performance to avoid the area 

constraint. The proper sizing of transistor is required for fair 

evaluationof the power consumption [6-7]. The intention of 

the optimization is to reduce the power-delay product or the 

energy utilization. The power and delay depends on the 

transistor sizes which are proportional of Rn (w∈ Rn) as is the 

transistor count. In this paper new 8x8 bit multiplier is 

proposed using Hybrid Adders and transistor sizing is used to 

reduce the power in the circuit level optimization.  

The reminder of the paper is organized as follows. In 

section ΙΙ the back ground of the multipliers and adders is 

presented. Section III presents the existing methodology for 

transistor sizing and proposed methodology. Experimental 

results are given in section IV and Section V concludes the 

paper with some discussions. 

2. ADDERS AND   MULTIPLIERS 

Data path circuits consist of multipliers and adders. Several 

types of multipliers are available in the digital system [2-3]. In 

this  paper ,the array multipliers namely Braun, Baugh 

Wooley and Carry Save Array multipliers are designed and 

analyzed in deep submicron technology. The Adders are 

important building blocks in arithmetic units of the multipliers 

[8-9]. Therefore, any optimization of their speed and power 

consumption can have considerable impact on power 

efficiency and speed of the whole system. Some of the 

classical designs of 1-bit full adder circuits use standard static 

CMOS and complementary pass transistor logic circuits [8-

17]. Therefore some adders design and analyzed and 

optimizations on full adder circuits for deep submicron 

technology also implemented. 

In this paper,  various full adder circuits like CMOSFA, 

LPFA, TGFA, TGDCFA, SFA, and CPL [8-15] are 

implemented in 90 nm technology with and without 

optimization. The Hybrid Adder [16-17] is also proposed for 

Multiplier design Then these optimized full adders are used 

for design the 8 bit multipliers [18] Braun array multiplier, 

Baugh wooley array multiplier, and  CSA Multiplier. 

3. TRANSISTOR SIZING 
Different techniques are applied for power optimization in 

CMOS VLSI circuits. Transistor sizing is very important for 

the determination of circuit performance [5-6].As a result for 

providing reasonable evaluation, an optimal size of transistor 

is necessary. The aim of the optimization is to minimize the 

power-delay product or the energy consumption of the circuit. 

The polynomial method is utilized [6] for transistor sizing. 

The heuristic algorithm is applied [7] for sizing the width of 
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the XO R and XNOR gate. The power and delay depend on 

the transistor sizes which are relative of Rn ( w∈  Rn )as is the 

transistor count. In fact, the transistor sizing algorithm tries to 

optimize a goal in n +1 dimension space. That is, n 

dimensions are related by K s i ' and then +1th is the goal 

which is optimized [6-7].The load capacitance of the circuit 

can be reduced by optimizing the transistor size. In general, 

increasing the transistor sizes results in a large (dis)charging 

current and simultaneously increases the parasitic capacitance. 

On the other hand, reducing the transistor sizes will result in 

declining input capacitance that may be the load capacitance 

for other gates and lowering the speed of the circuit. Thus, the 

purpose of transistor sizing is to obtain the minimum power 

dissipation under certain performance requirements.This 

technique is implemented in the adders and multipliers are 

implemented using various full adders. 

 

Fig. 1: Structure of a 4x4 – bit CSA Multiplier 

 

Fig. 2.   Structure of 4x4 Braun array multiplier 

 

Fig. 3: Structure   of 4x4 Baugh Wooley array multiplier  

4. PROPOSED METHOD 

The sructure of the 4 bit CSA multipliers Braun array 

multiplier,  Baugh  wooley array multiplier[18] are shown in 

figures 1,2 and 3 ,which are designed using different full 

adders.The proposed Hybrid adder is utilized  for designing 

the 8 bit multiplier,which is shown in Figure .4.The hybrid 

adder is the combination of 14T sum and shannon carry. In 

this work the different adders are designed with different logic 

style. Then the power and delay performances of the existing 

adders and proposed Hybrid Full adder are analyzed. Then the 

width of the transistor is changed to optimize the power and 

delay. Modified genetic algorithm is applied for sizing the 

transistor width, which   is a powerful and effective 

performance optimization tool in the low power VLSI circuit 

of the design. These optimized adders are used to implement 

the 4 bit multipliers and 8 bit multipliers. Figure. 5&6  show 

the  circuit implemenation of the 8 bit multipliers like CSA, 

Braun array multiplier, and Baugh Wooley array multiplier 

respectively. 

 

Fig.4:Proposed Hybrid Full adder 
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Fig.5:Simulation diagram of   8-bit carry save array 

Multiplier 

 

Fig.6: Simulation diagram of 8-bit BRAUN Array 

Multiplier  

5. RESULTS AND DISCUSSION 
In the first phase, all full adders are implemented in HSPICE 

at 90 nm submicron technology with BSIM model. Then the 

width of the transistor is changed to get the optimized power 

using HSPICE optimizer. The width is varied from 2µm to 

100nm for the transistor. The proposed Hybrid Full adder is 

also implemented in 90nm technology with BSIM model. 

Table 1. shows the power and delay performance of 

CMOSFA, TGFA, TGDCFA, SFA , CPL and Hybrid Full 

adder with out and with optimization. Among all adders, 

Hybrid adder consumes less power and Delay than other 

adders. In the second phase, the 4 and 8 bit CSA, BRAUN 

and Baugh Wooley multipliers are modified with optimized of 

CMOSFA, SFA, CPL and Hybrid Full adders and its 

performances are analysed.The functionallity of the circuit is 

verified in all combinations of input. Figure.7.a.b.c shows the 

output waveforms of the CSA multiplier. The layout for the 8 

bit multipliers is developed and their performances of each 

multiplier are analyzed. The layout for CSA multiplier is 

shown in Figure.8. Power and delay performance of 8 bit 

multipliers  are given in the Table 2 . Figure.9. shows the 

power performance comparison of three modified multipliers, 

which are implemented using CMOSFA, SFA, Hybrid Full 

adder and CPL adders.CSA multipliers consumes less power 

compared to other multipliers which is shown in Figure.9. 

Delay performance is better in the multiplier using Hybrid 

adder only, which is shown in Figure.10. 

Table  1. Comparisons of full adder circuits in 90nm 

technology 

1 bit  

Full adder   

Without 

optimization 
With optimization 

Power 

(µ w) 
Delay(ps) 

Power   

(µ w) 

Delay(ps) 

CMOSFA[13]  1.95 55 1.65 25 

TGFA[13]    9.9  29 6.5 23 

TGDCFA[13] 3.45 70 2.99 65 

SFA [9] 2.5 32 2.0 20 

CPL[13] 3.2 55 3.0 45 

HYBRID  0..61       8 0.35 7 

 

Table  2. Comparisons of 8x8-bit Array Multipliers for 

                         Power and Delay 

Multiplier 

type 

Adder cell 

type 

Power 

(mw) 
Delay(ps) 

CSA 

CMOSFA 0.9 80 

SFA 0.3 28 

Hybrid FA       0.12         18 

            CPL      1.3       100  

Braun 

Array 

CMOSFA 1.1 57 

SFA 0.54 31 

Hybrid FA  0.22 15 

CPL 1.9 130 

Baugh 

Wooley 

Array 

CMOSFA 8.1 120 

SFA 2.6 75 

Hybrid FA 1.1 38 

          CPL 3.6 150 

 

 

 

Fig.7:a. Simulation Results of a 8-bit CSA Multiplier 
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Fig.7: b Simulation waveforms of a 8-bit BRAUN Array  

multiplier 

 

Fig.7: c.Simulation waveforms of a 8-bit Baugh Wooley 

array     multiplier 

 

Fig.8: Layout for CSA multiplier using Hybrid Adder 

6.  CONCLUSION 

The multipliers and adders are the most important component 

of DSP and microprocessor. In this paper three multipliers are 

designed using different existing adders and these are 

simulated in 90 nm technology with BSIM model. Five 

different full adders CMOSFA, TGFA, TGDCFA, SFA and 

CPL are designed with transistor sizing and its performance 

are studied at 90nm technology library file. The proposed 

Hybrid Full adder is used for designing the multiplier. Then 

4bit and 8 bit CSA, BRAUN and Baugh Wooley multipliers 

are implented using optimized full adders . Power and  delay  

performance are analysed and compared with each 

multiplier.Multiplier using Hybrid adder shows the better 

performance among all other Full adders,The power 

consumption  is less in Baugh Wooley multipliers (neraly 45-

85 % )using Hybrid adder compared with other adders.Speed 

of the CSA multiplier using Hybrid Adder is improved by 25-

80% compared with other adders. 

 

Fig. 9 Power performance of the multipliers 

 

Fig. 10: Delay performance of the multipliers 
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