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Abstract— The goal of our work is to propose a multiplier 

with fast estimation and less power consumption using  

adiabatic logic and to evaluate its performance in case of 

sequential circuits and effect upon cascaded stages. In our 

current work we have designed a more power efficient, Tree 

Multiplier i.e. Wallace Multiplier structure with especially 

power efficient Full adders designed with Energy recovery 

logic(Adiabatic). Main advantage of this logic is greater 

speed and minimum power requirement. It is preferable to 

the arithmetic circuits. Power consumption of   full adder 

with adiabatic style is lesser than the full adder designed 

without adiabatic logic. The  power consumption of  

Adiabatic Wallace multiplier is  get reduced from  Wallace 

tree multiplier without adiabatic logic by about 89%  .We 

have designed the circuit on 90nm  technology using Tanner 

EDA Tool 13.0.             
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I. INTRODUCTION 

A multiplier is most essential important parameter of almost 

all digital electronic instruments, devices and circuits. for 

example, FIR filters, signal processors, microprocessors etc. 

Along with the improvements in technology, the work had 

done for the multipliers that are more speedy or less power 

consuming, as well as having less area, hence made them 

suited for the large no. of distinct   efficient, as well as petite 

Very Large Scale Integrated circuits. 

Initially, Transistor logic was used on a large scale, 

which was having a better larger capability to integrate the 

devices. So ICs were fabricated mostly by this logic style. 

Large power consumption was the trouble for the transistor 

logic. 

Afterwards the MOSFETs technology came into 

existence. At very beginning, these integrated circuits were 

only fabricated by using PMOS but then the NMOS are 

being used, more preferably. 

The invention of microprocessors was the next era 

of the digital ICs, when the rebellion was started. NMOS 

logic was in use at higher rate at that time. 

The use of the N channels MOSFETs only, also 

gone through the power issues. Atlast the technology moved 

towards the Complementary MOSFET logic, which is still 

in use today. But Power concerned issues are altogether 

becoming major trouble in Complementary MOSFET logic 

as well. So, it is very necessary to take steps for these issues. 

 In the Complementary logic, when we slightly give the only 

one input, it ultimately boosts up the no. of devices by 2 and 

the propagation delay. Lator on no. of advanced logic styles 

were developed to reduce the circuit delay also the layout 

area. Then the clock dependent Dynamic /domino logic was 

very largely used which had greater speed and less power 

but it had gone through the cascaded  stages problems which 

led to the new form of dynamic complementary mosfet 

technology. 

II. CONCEPT OF TREE MULTIPLICATION 

Wallace multiplier considers the adder circuits which take 

number of inputs of the equal weights and gives sum as 

output of the same weight and carry as output with greater 

weights. These are collected in particular stages to minimize 

the number of terms of each weight to 2 or less. Then these 

terms are added by a conventional simple  adder to get  the 

ultimate output. 

The Wallace tree multiplier produces all bits of 

partial product at a time. Then it bundles up the partial 

products of same weights together. It minimizes the no.of 

layers of the adders unless every weight has only two wires 

remaining. If there remains wires of equal weights input 

them to the suitable adders. If two wires are there then add 

them with half adder and if there are three wires remaining, 

then add with full adders. 

III. PREVIOUS APPROACHES 

As tree Multipliers have collection of full adders and half 

adders, in their reduction phase, the thought of minimization 

of partial products was the main issue. Hence to make 

multiplier less complex, it was necessary to reduce the 

number of adders. So the modification to the Wallace 

operation stages is represented that give an assurance that 

the delay remains as it is that of the conventional Wallace 

stages. The advanced concept represented, made the number 

of half adders doing implementation with 80 percent lesser 

than original Wallace multipliers, with a slight increment in  

number of full adders[2].  Less work had been done on 

approximate multipliers. The use of Tr𝑢𝑛𝑐𝑎𝑡𝑒𝑑 𝐸𝑟𝑟𝑜𝑟 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 for each iteration. This analysis proved that this 

design gives nearly 50% efficiency benefit as compared 

with previous flexible approximate multipliers. [3]. A 

special method was followed focus is given on the 

minimization of layout area[4]. A novel Wallace structure is 

designed [5]. that proposed  very high   accuracy and  more 

than 90% accuracy was achieved. As there is a main focus 

on achieving the large accuracy The new  Wallace structure  

splits up  the terms  into  groups and utilises full adders for 

every  three bit group as that of the original method. A 

bunch of two bits is not oprated , that is, it is then forwarded   

on to the next stage (in conflict with traditional  Wallace 

structure). Single bits which are left are directly forwarded 

to the next iteration of the original Wallace reduction.  The 

last and the final stage is the use of the half adders[5]. 

Less energy consumption is the most essential 

aspect of  novel  electronic systems which are invented for 

high-performance and portable applications. On first side, 

the vastly  growing  market of portable electronic devices 
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make a demand of the availability of low-power consuming 

devices which tend to the invention of  battery-dependent 

systems. Inversely, the conventional trend of enlarging 

operating frequencies   and the complex nature of  the 

circuits,  to bear with the ultimate throughput which is 

indeed in modernized  processing appliances,  the  invention 

of   fast systems are required firmly. 

IV. ENERGY RECOVERY LOGIC 

The power requirment of electronic devices could be made 

as less as possible by various logic designs. Energy 

Recovery i.e Adiabatic logic is the best remedy for this 

purpose.. The [6] explains the concept of energy saving for 

digital circuits that follows adiabatic logic. This  is mostly 

acquired for the purpose of less  energy dissipation , all the 

while getting charged  up  and discharged  cycle of circuit 

operation are running. The energy recovery suggests that in 

place of dissipation of  the stored energy while getting 

charged, at  output side towards ground it retransmitt the 

energy back to the power supply thereby minimizing the 

power loss and hence the power consumption also 

decreases. This is  the superior reasons for the shortening of 

power dissipation is that the adiabatic logic utilises  the   AC 

power supply in place of constant DC power supply. The 

logic concept gets cleared in [6].   

E= Ec +Ed=CLV2…………(1) 

 
Fig. 1: Equivalent Circuit When Charging Output 

Capacitance 

V. CURRENT WORK 

Many papers have published in accordance to the 

improvement in very low power full-adders, with a try of 

various different alternatives to the complementary MOS 

logic [12]. 

In this paper we have designed a wallace tree 

multiplier with an Adiabatic Logic. Wallace tree multiplier 

circuit without adiabatic logic and another Wallace tree 

multiplier designed with adiabatic logic is represented. The 

comparative study is done. The power consumption of the 

two is represented. 

Parameters 
Adiabatic Logic 

Full Adder 

Full Addder 

Without Adiabatic 

Logic 

No. of 

MOSFETS 
26 26 

Power 

Consumption 
14uwatt 5.9uwatt 

Table: 

 
Fig. 1: (A) Wallace Tree Multiplier without Adiabatic Logic 

 
Fig. 1: (B) Power Results of Wallace Tree Multiplier 

without Adiabatic Logic 

 
Fig. 2: (A) Adiabatic Wallace Tree Multiplier 

 
        Fig. 2: (B) Adiabatic Wallace Tree Multiplier Results 
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Parameters 

 

Wallace Tree 

Multiplier Without 

Adiabatic Logic 

Adiabatic 

Wallace Tree 

Multiplier 

No. of 

MOSFET‟s 
408 408 

Power 

Consumption 

48uwatt 

 

5uwatt 

 

Table 1: Power Consumption of both Wallace tree 

multipliers 

VI. CONCLUSION 

There is a chance in reduction of power, as the increment in 

no. of stages, the circuit delay automatically get boosted, so 

to improve delay by making efforts on iteration stapes. We 

have reduced the power approximately 89.58% as that of the 

Wallace   tree multiplier designed without Adiabatic Logic. 
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