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ABSTRACT 

 A conventional CMOS logic circuit design access depends upon charging 

the output capacitive nodes to the supply voltage or discharging it to the ground. 

This is one of the most used approaches in VLSI designs. There are different 

techniques to design low power circuits both at system level as well as at circuit 

level to reduce power consumption. One of the major source of power dissipation 

is the charging and discharging of capacitor. At all when a capacitor is discharged 

to ground, an amount of power = ½ C stored in the capacitor is lost. We can reduce 

this power dissipation by restoring this power to the source alternately of 

discharging to the ground. Another way of reducing the power dissipation is to 

design the circuit in such a way that the charging of the capacitive node takes place 

very slowly. It has been executed that by charging the capacitor slowly, the power 

require is lesser than faster charging method.  Adiabatic circuits use the above 

two approaches viz. slow charging of capacitor and discharging, and convert of 

charge to minimize the power consumed. Several Adiabatic designs have been 

arranged and tested in this paper. Most of them achieve valid power savings in 

comparison to conventional CMOS designs. The major drawbacks of these circuits 

include complex design for achieving simple operations, essential of multiple 

clocks and essential of complimentary input signals for controlling the charging 

and discharging operation. The Current work is based on an existing adiabatic 

logic style familiar as PFAL (Positive Feedback Adiabatic Logic) and ECRL 

(Power Efficient Charge Recovery Logic) which are simple and doesn’t require 
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complimentary signals or complex clocking.. In this paper all circuits are analysed 

in terms of power and simulated using Tanner EDA. 

 

1. INTRODUCTION 

 Due to growing market of 

portable electronic devices such as 

cellphones, personal digital assistants, 

laptops etc., low power consumption 

has become a major concern in 

integrated circuit design. Due to the 

defined power supplied by the 

batteries, the circuitry involved in 

these devices must be arranged to 

consume less power.Among many 

design techniques, adiabatic access is 

one method of reducing power 

dissipation in logic circuits. 

Conventional CMOS based designs 

consume a lot of power during the 

charging and discharging of the node 

capacitances of the circuits[1]. Such 

part of the full power dissipated by a 

circuit is called dynamic power. 

Dynamic power dissipation can be 

reduced by using an alternative access 

to the traditional techniques of power 

consumption rebate called adiabatic 

switching.  

Adiabatic switching technique 

reduces the power dissipation through 

PMOS during charging operation and 

reuses some of the power which is 

stored on load capacitor during the 

discharging phase. 

2. ADIABATIC LOGIC 

The term “adiabatic” full a 

thermodynamic operation in which 

there is no power arrangement with 

the environment, and therefore no 

dissipation of power or power occurs. 

Adiabatic logic works on the principle 

of reversible logics. The power clock 

is used both as a power supply & as a 

clock signal. .[6] presented a short 

overview on widely used microwave 

and RF applications and the 

denomination of frequency bands. 

The chapter start outs with an 

illustrative case on wave propagation 

which will introduce fundamental 

aspects of high frequency technology. 

Dynamically adjusting the 

power-clock voltage to comply with 

constant-current charging results in 

adiabatic-charging effect. The power 

clock supply charges the load 

capacitor adiabatically during the time 

it is ramping up and allows the load 

capacitor power to recycle back when 

it is ramping down. 

The two key rules by which 

adiabatic circuits try to conserve the 

power are: 
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1. Never turn on a transistor when 

there is voltage difference between 

drain and source. 

2. Never turn off a transistor that has 

current flowing through it.[4] 

 

 

Figure.1: Circuit explaining Adiabatic 

Switching 

 

Fig. 1 shows the RC model for the 

adiabatic circuit where the load 

capacitance C is charged by a time 

dependent current source I(t) 

alternately of the constant-voltage 

source as in the conventional CMOS 

circuits. 

Voltage across the CapacitorVC (t) = 

1/C.I(t).t 

The average current from 0 to t, I(t) = 

C. VC(t)/t 

Full power dissipation in resistor R 

from 0 to t= T is given by 

E= Ediss = R� ��dt 
�

�
 = 

��	

�
 (

 


�
 CV

2
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where, 

E ― Power dissipated during 

charging, 

C ―Load capacitance, 

R ― Resistance of the MOS switch 

turned on, 

V ― Ultimate value of the voltage at 

the load, 

T ― Charging time. 

From the above equation of power 

dissipation, following closures can be 

made: 

1. For T >2RC, the dissipated power 

is small as    compare to the 

conventional CMOS. 

2. Power dissipation can be made 

arbitrarily small by more increasing 

the charging time. 

3. The dissipated power is 

proportional to R. Thus, reducing the 

on-resistance of the PMOS network 

results in lower dissipation. 

3.ADIABATIC LOGIC FAMILY 

The two fundamental classes in 

which adiabatic circuits can be 

classified are: 

1. Fully Adiabatic Circuit 

2. Partially power recovery Adiabatic 

Circuit. 

In fully adiabatic circuits, all charge 

on the load capacitance is recovered 

by the power supply whereas in 
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partially adiabatic some charge is 

transferred to the ground. 

Partial adiabatic approaches are:

 

• Efficient Charge Recovery 

Logic (ECRL) 

• Positive Feedback Adiabatic 

Logic (PFAL) 

• NMOS Power Recovery Logic 

(NERL) 

• Clocked Adiabatic Logic 

(CAL) 

• True Single-Phase Adiabatic 

Logic (TSEL) 

• Source-coupled Adiabatic 

Logic (SCAL) 

 

Full adiabatic approaches are:

•  Pass Transistor Adiabatic 

Logic (PAL) 

• Split-Rail Charge Recovery 

Logic (SCRL). 

 

 

3.1 EFFICIENT CHARGE 

RECOVERY LOGIC 

ECRL has two cross coupled 

PMOS and two NMOS tree structure. 

An AC power supply is used to 

recover the charge & reuse the 

supplied power. Both Out 

generated so that power clock 

generator always drive a constant load 
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Phase Adiabatic 

coupled Adiabatic 

Full adiabatic approaches are: 

Pass Transistor Adiabatic 

Rail Charge Recovery 

3.1 EFFICIENT CHARGE 

ECRL has two cross coupled 

PMOS and two NMOS tree structure. 

An AC power supply is used to 

recover the charge & reuse the 

Out and��
����� is 

generated so that power clock 

generator always drive a constant load 

capacitance independent of the input 

signal. The logic function which is to 

be implemented is executed using 

NMOS transistors, in both true and 

integral forms. 

Figure.3: ECRL logic circuit

In above figure, let us assume 

in is high &inbar is at low. When 

power supply ramps up from 0 to 

VDD, ‘out’ remains at a ground level 

&outbar follows power clock (

through P2.When power clock 

reaches VDD, out &outbar holds the 

valid logic levels & these values are 

maintained during the hold phase and 

are used for the evaluation of the next 

stage. As ϕ ramps down from V

ground, outbar returns its power to 

power clock i.e. delivered charge is 

recovered back to the power supply.

3.2 POSITIVE FEEDBACK 

ADIABATIC LOGIC 
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in is high &inbar is at low. When 

power supply ramps up from 0 to 
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through P2.When power clock 
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are used for the evaluation of the next 

ramps down from VDD to 

ground, outbar returns its power to 

power clock i.e. delivered charge is 

o the power supply. 
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PFAL consists of 2 cross

coupled inverters as latch familiar as 

sense amplifier which runs the two 

integral outputs of the circuit & the 

logic function NF and its compliment 

are executed using NMOS 

which is connected parallel to 

PMOS.One of the logic blocks 

connects the concerned input to the 

power clock with a low resistance 

path and on the same time the other 

network provides a very high 

resistance in between the power clock 

and the other output. But the 

inverter’s down network provides the 

second output a conducting path to 

the ground. In this way one of the two 

outputs (either integral or un

one) is pulled up to the power clock 

and other down to the ground. PFAL 

uses four phase clocking technique to 

recover the charge delivered by the 

power supply. 

Figure.4: PFAL logic circuit

4. CIRCUIT IMPLEMENTATION
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Figure.4: PFAL logic circuit 

4. CIRCUIT IMPLEMENTATION 

In this paper, three adiabatic 

techniques (ECRL, PFAL ) & 

conventional CMOS logic were used 

to design 2:1 Multiplexer. The 

schematic & simulations of 2:1 Mux 

arranged using the logic designs are 

shown in the figures. 

4.1.Conventional CMOS 2:1 MUX

A multiplexer is a 

combinational circuit that prefers one 

of the data inputs and transmits it to 

the output depending on the control 

signals. It implements the function F 

= A�̅ + BS. When select(S) is Low, it 

outputs the signal A & when select(S) 

is High, it outputs the signal B.

Figure.5:Schematic for 2:1 MUX 

using conventional CMOS

4.2.  2:1 MUX using ECRL

The logic density of ECRL is 

more as related to conventional 

CMOS that is achieved  by 

eradication of PMOS transistors from 

each logic function. All functions are 
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implemented using NMOS only, and 

PMOS transistors serve only as the 

pull-up devices. In ECRL circuits, the 

latch is executed using 2 cross-

coupled PMOS transistors & the 

cascade integral logic array is 

executed with a NMOS logic tree. 

 

Figure.6: Schematic for ECRL 

inverter based 2:1  MUX. 

4.3. 2:1 MUX using PFAL 

The two cross coupled inverters 

runs the two integral outputs of the 

circuit. The logic function F = A�̅ + 

BS is executed using NMOS network 

which is connected parallel to PMOS 

transistor & results in the rebate of 

equivalent resistance of the logic 

network thereby reducing the power 

dissipation. 

 

Figure.7: Schematic for PFAL based 

2:1 MUX 

5. SIMULATION RESULTS 

 

Figure.8: Simulation waveform of 

CMOS 2:1 MUX 

 

       

Figure.9:POWERCONSUMPTION 

6. CONCLUSION 

The main idea of this project is 

to introduce the design of high 
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performance and power efficient  2:1 

multiplexer  design..In the current 

work,the 2:1 mux design is 

implemented by conventional cmos 

logic. More the design is implemented 

using ECRL &PFALlogic. . These 

adiabatic techniques can be used for 

low power applications over the wide 

range of parameter variation. So, the 

required logic can be executed within 

an optimized area which performs 

faster when related to the 

conventional  CMOS design. 

 

 

Table.1: Average power dissipation 

v/s frequency for 2:1Mux. 
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