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ABSTRACT 

Demand of low power circuits design is increasing due to the 

large growth in portable digital equipment. In this reference 

adiabatic structure are used that provides a dramatic reduction 

in power dissipation by recycling some of the energy from 

output load capacitor and saving power in upper half of the 

network instead of dissipated as heat. In this paper a low 

power multiplexer based 4-2 compressor is designed using 

Positive feedback adiabatic logic. The compressor design is 

simulated at 0.12µm technology using Microwind 3.1. 

Simulated results shows that proposed design saves 54.9% 

power than conventional CMOS based compressor. 
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1. INTRODUCTION 
In today’s world power consumption is become major power 

concern in VLSI designing. Portable devices like laptops, cell 

phones, and computers require a circuitry that consumes less 

power. Also large power dissipation is directly associated 

with cost and complexity of the devices. High speed 

multiplier plays a dominant role in designing of digital 

circuits [1]. It can be used in real time image, speech 

processing and 3D computers graphics application, mainly the 

fields where high speed is required. Majority of the multiplier 

designs today uses 4-2 compressor to speed up the partial 

product summation tree. A lot of work has been done in 

compressor for reducing power consumption [2]. 

In CMOS logic design half of the power is dissipation in 

PMOS network and stored energy is dissipated during 

discharging process of output load capacitor during the 

switching events. Most of the power consumption reduction 

techniques are based upon scaling of the supply voltage, 

reducing capacitance and switching activity. Yet in all these 

cases, energy drawn from the power supply is used only once 

before being dissipated. Thus to increase the energy efficiency 

of logic circuits, a technique is required that can reuse the 

energy stored on load capacitor [3-4]. It has been found that 

there is a fundamental relation between computation and 

power dissipation. That is if somehow computation could be 

implemented without any loss of information, then the energy 

required by it could be potentially reduced to zero. This can 

be done by performing all computation in reversible manner. 

Also energy dissipation depends upon average voltage drop 

traversed by charge that flows on to the load capacitance. By 

using smaller voltage steps or increments dissipation can be 

reduced [5]. The minimum power consumption during the 

charge transfer phase is termed as adiabatic switching. In 

adiabatic logic charging is done by constant current source 

instead of constant voltage source as in conventional CMOS 

logic. It makes use of trapezoidal or sinusoidal waveforms as 

a power supply. 

 

 

Fig 1: conventional CMOS logic circuit  with pull up and pull 

down networks. 

2. Adiabatic Switching Principle 
Conventional CMOS is very useful technology for low power 

digital circuit design due to its negligible static power. 

Dynamic power dissipation of CMOS circuits due to charging 

and discharging is proportional to load capacitance, square of 

the supply voltage and switching frequency. Capacitance and 

frequency factors increase the power consumption. Thus 

conventional CMOS design needs to be changed in order to 

satisfy the demand of low power supply. In Fig. 2 output load 

capacitance is charged by a constant current source instead of 

a constant voltage source used in conventional CMOS 

structures. This circuit is same as the equivalent model used in 

charging process in conventional CMOS. On resistance of 

pull up PMOS network is represented by R and C0 is the 

output capacitance [6]. It is noted that constant charging 

current corresponds to a linear voltage ramp. Energy 

dissipated through adiabatic logic is given as 

              TVC
T

RC
E Cd

2..                               (2.1) 

Following conclusion has been by observing equation (2.1) 
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1) If charging period T is larger than 2RC then dissipated 

energy can be made smaller than Conventional CMOS circuit. 

Thus dissipated energy can be made arbitrarily small by 

increasing the charging period, as
T

Ed

1
 . 

2) It has been noted that dissipated energy is proportional to 

resistance R instead of supply voltage and capacitance in 

conventional CMOS case. So energy dissipation can be 

minimized by reducing the on resistance through PMOS 

network. 

. 

Fig. 2 Equivalent model during charging phase in adiabatic 

circuits [6]. 

Hence by using constant current source energy can be 

transferred from supply to load capacitor with any dissipation 

and the energy stored on the load capacitance after charging 

process send back to the supply voltage by simply reversing 

the direction of current source [7]. Thus recycling is very 

attractive feature in adiabatic logic. The constant current 

supply must be capable of retrieving the charge back to the 

power supply. Adiabatic circuits does not use standard power 

supply instead of this it uses pulsating power supply which is 

also called as pulsed power supply [8]. 

 

3. Compressor 
A fast array multiplier is divided into three parts: a partial 

product summation tree booth encoder and a final adder. The 

partial product summation tree is responsible for total 

multiplication delay. Several techniques have been made to 

speed up the partial product summation tree by using various 

column compressors. These compressors simplify the 

interconnection circuitry. In multipliers 4-2 compressors, 

which have five input and three outputs are used. The carry 

out is connected to next 4-2 compressor’s carry in [7-8]. The 

4-2 compressor can add four partial products because carry 

out does not depend on carry in. The 4-2 compressor is based 

upon a set of modified equations given as 

4321
XXXXS                 (3.1) 

443214321
)()( XXXXXCXXXXC

in
          (3.2) 

121321
)()( XXXXXXCout                                (3.3) 

An equivalent gate realization of 4-2 compressor using XOR 

and multiplexer is shown in fig. 3 contains five inputs and 

three outputs Cout, C and S [9-10]. 

 

Fig. 3 Compressor using XOR and Multiplexer [7]. 

4. PROPOSED SCHEMATIC DESIGN 
The proposed design of compressor is based upon adiabatic 

logic, in proposed design PFAL logic is used which is made 

from two PMOS and two NMOS that avoids the degradation 

of the logic level at the outputs. These NMOS devices are 

connected between output node and ground. A sinusoidal 

supply is applied. This logic family also generates both 

positive and negative outputs. The functional blocks are in 

parallel with the PMOS of the adiabatic amplifier and form a 

transmission gate. The two n-trees realize the logic functions. 

This logic family also generates both positive and negative 

outputs [11]. The proposed compressor contains two modules: 

(i) a 2:1 adiabatic multiplexer (ii) an XOR gate based on 

adiabatic logic. A 2:1 multiplexer is designed using PFAL 

logic, it contains two inputs A, B one select line S and outputs 

out and out bar shown in fig. 4. A sinusoidal power clock is 

applied Vpc. When input is low, the output terminal ‘out’ 

follow the sinusoidal power clock [12-13]. 

 

Fig. 4 A 2:1 multiplexer using PFAL logic. 

Timing simulation of the above 2:1 multiplexer is shown in 

fig. 5, it logically validates the functioning of a multiplexer. 
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         Fig. 5 Timing simulation of 2:1 multiplexer. 

A two input XOR gate is designed using PFAL logic, it 

contains two inputs A and B and The minimum sized 

XORgate is implemented at 0.12µm technology. Circuit 

shown in the fig. 6  has complementary outputs. One is X-OR 

and other is X-NOR. 2 PMOS and 10 NMOS are used in this 

design, width of the PMOS is kept 2 times larger than the 

NMOS in order to get equal rise and fall times as mobility of 

electron is 2-3 times larger than holes [14-15]. 

 

Fig. 6 Design of a XOR gate using positive feedback adiabatic 

logic. 

Fig. 7 verfiy the logic behaviour of the X-OR circuit at 

0.12µm technolgy [16]. Default gate and wire dealy is 0.030ns 

and 0.070ns respectivily.  Elementary gate current is 500mA 

with supply voltage of 1.2V. 

 

Fig. 7 Timing simultion of PFAL XOR/XNOR circuit. 

The proposed 4-2 compressor is designed using two 2:1 

multiplexer and four XOR gate. Multiplexer and XOR gate is 

implemented  using positive feedback adiabatic logic. 4-2 

compressor exhibits five inputs and three outputs [17-18]. 

DSCH 3.1 is used for schematic design shown in fig. 8. 

 

           Fig. 8 An adiabatic 4-2 compressor. 

Timing simulation of 4-2 adiabatic multiplexer is shown in 

fig. 9, that logically verifies all the states of the compressor. 

 

 

           Fig. 9 Timing simulation of 4-2 adiabatic compressor. 

5. Layout Simulation 
Physical layout of a positive feedback adiabatic multiplexer is 

designed using Microwind 3.1 and simulation is performed 

using BSIM4 model. Layout of the circuit is achieved after 

compiling the verilog file, in the Microwind. A verilog file is 

a kind of netlist consisting all the components and 

connections used in designing of a circuit. Layout of 

multiplexer is shown in fig.10. 

 

Fig. 10  Layout Representation of 2:1 adiabatic multiplexer. 

Analog simulation is performed on the layout of multiplexer 

design. Fig. 11 shows time domain simulation of Multiplexer. 

Logic ‘0’ corresponds to a zero voltage and logic ‘1’ 

corresponds to 1.2V. A sinusoidal signal is applied as power 

clock supply with amplitude 0.8V. Simple clocks are applied 

as inputs and select lines. 
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          Fig. 11 Layout simulation of 2:1 adiabatic multiplexer. 

Layout structure of 2 input X-OR/X-NOR is obtained after 

compiling the verilog. Different metal layers are used, which 

includes metal1, metal2 up to six. For gate polysilicon layer is 

used. VDD and ground are made using metal1. Layout is 

shown in fig. 12. 

 
Fig. 12  Layout representation of 2 input XOR/X-NOR 

circuit. 

Layout simulation of X-OR/X-NOR circuit is shown in fig. 13 

The waveforms verify the correct logic of the circuit. Range 

of the voltage used for analog signal is 0-1.2V. 

 

 

Fig. 13 Layout simulation of 2 input X-OR/X-NOR gate. 

Layout out design of adiabatic multiplexer based 4-2 

compressor is shown in Fig. 14. Layout is consists of two 

multiplexer and four EX-OR gates. 

 

 

Fig. 14 Physical layout  of adiabatic multiplexer based 4-2 

compressor. 

Layout simulation of adiabatic 4-2 compressor is carried out 

at 1.2 V. It is shown in Fig. 15. All results are simulated at 

200 nano scale with a constant temperature of 270C. By using 

positive feedback adiabatic logic, full swing is obtained in 

output waveform. The frequency of applied sinusoidal clock 

is 250 MHz with 0.6 offset voltage. 

 

 

Fig. 15  Layout simulation of multiplexer based adiabatic 4-2 

compressor. 

6. RESULT & COMPARISON 
Dynamic power dissipated by CMOS and positive feedback 

adiabatic logic multiplexer is shown in table. In this table a 

CMOS multiplexer and an adiabatic multiplexer is compared 

at temperature of 270C. The inverter based on positive 

feedback adiabatic logic  is power efficient than CMOS 

multiplexer discussed in table. 1. 

Table 1. Comparison table of 2:1 Multiplexers. 

Parameter Power Dissispation 

Supply Voltage CMOS (µW) Adiabatic (µW) 

1V 1.096 0.545 

1.2V 1.848 0.932 

1.4V 3.069 1.610 

1.6V 4.932 2.727 

1.8V 7.712 4.549 

2V 11.761 7.255 

 

Power dissipation is computed at different voltage from 1 to 2 

V at the scale of 0.1V. Fig. 16 shows the dependence of 
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power consumtion at supply voltage for the multiplexer. After 

foundary voltage thai is 1.2V, graph increases rapidly due to 

avlanche breakdown. 

 

 

 Fig. 16  Comparison of 2:1 multiplexers at different supply 

voltages. 

Dynamic power dissipation of CMOS X-OR and PFAL X-OR 

is compared in table. This comparison is performed at 

different supply voltage with a room temperature of 270. As 

the supply voltage increases power consumption increases in 

the same proportion. PFAL X-OR shows good performance at 

high voltage shown in table 2. 

Table 2. Comparison table of adiabatic and CMOS based X-

OR circuit. 

Parameter Power Dissipation 

Supply Voltage CMOS (µW) Adiabatic (µW) 

1V 0.680 0.568 

1.2V 1.116 0.911 

1.4V 1.825 1.473 

1.6V 2.969 2.365 

1.8V 4.749 3.721 

2V 7.343 5.725 

 

The adiabatic 4-2 compressor  is simulated and compared 

with conventional CMOS based compressor. Table 3  shows 

that adiabatic multiplexer based compressor is more power 

efficient than conventional one. Reults are verfied at different 

supply voltage. 

Table 3. Comparison table of adiabatic and CMOS based 

compressor. 

Parameter Power Dissipation 

Supply Voltage CMOS (µW) Adiabatic (µW) 

0.6V 4.426 0.596 

0.8V 8.501 1.424 

1V 13.989 3.481 

1.2V 22.222 17.543 

1.4V 38.389 30.956 

 

Fig. 17  shows the result of parametric analysis for CMOS and 

PFAL based compressors. It has been observed from the 

graph that PFAL compressor shows better result in terms of 

power consumption than conventional CMOS compressors. 

 

Fig. 17  Power consumption vs supply voltage for CMOS and 

adiabatic compressors. 

 

7. CONCLUSION 
4-2 compressor is designed using proposed adiabatic 

multiplexer which is designed with the help of four X-OR 

gate and two multiplexers. The proposed compressor is 

implemented using positive feedback adiabatic logic that 

saves power by recylcling the energy stored on load capacitor. 

This multiplexer based compressor is  simulated at .12µm 

technology. The proposed adiabatic compressor saves 54.9% 

power  at 1.2V than conventional CMOS based compressor 

design. It has been observed that proposed multiplexer saves 

38.9% energy as compare to CMOS multiplexer. All results 

are verified at different supply voltage and temperature. 

Proposed Multiplexer based compressor shows good 

performance with supply voltage vs power consumption 

variations as compare to CMOS compressor. 
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