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Abstract — In this paper I had implemented the different
three types of 4-bit adder using adiabatic logic and
conventional CMOS logic in 45nm technology with LT spice.
As we know Full adders are important components in
applications such as digital signal processors (DSP)
architectures and microprocessors. Apart from the basic
addition adders also used in performing useful operations
such as subtraction, multiplication, division, address
calculation, etc. we have compared all three techniques
conventional CMOS, 1n-1p Quasi and 1n-1p split level logic
in 1-bit as well as 4-bit adder for power dissipation and as
result suggest adiabatic method has low power dissipation
compared to conventional CMOS. We got minimum power
dissipation and energy consumption in 1n-1p split adiabatic
logic.
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I. INTRODUCTION

Power consumption and it’s minimization is one of the
primary concerns in today VLSI design methodologies
because of two main reasons one is the long battery
operating life requirement of mobile and portable devices
and second is due to increasing number of transistors on a
single chip leads to high power dissipation and it can lead
to reliability and IC packaging problems.

Adiabatic logic reduces the energy dissipation by
reducing the dissipation across resistances of conducting
MOSFETs and recovering the part of energy given to the
output back to the source, which extends the battery life.
Several adiabatic logic styles are available but here we
implemented two styles are 1n-1p Quasi adiabatic logic
and 1n-1n Split level adiabatic logic. As we know Full
adders are important components in applications such as
digital signal processors (DSP) architectures and
microprocessors. Apart from the basic addition adders also
used in performing useful operations such as subtraction,
multiplication, division, address calculation, etc.

II. ADIABATIC AND CONVENTIONAL

CHARGING

A. Conventional charging
The dominant factor of power dissipation in a

conventional CMOS device is the dynamic power required
to charge and discharge the capacitive nodes within the
circuit itself. To charge the node capacitance CL from a dc
supply of potential VDD, an energy= . (1)

Is withdrawn from supply. Only half of this energy is
temporarily stored in capacitor CL. The remaining= 0.5 . (2)

Is dissipated as heat in the on resistance of PMOS.
When input becomes logic high, the NMOS turns on and
energy stored on capacitor CL is discharged to the ground
and dissipated as heat. Hence during a complete charge-
discharge cycle, the energy= . (3)

Is withdrawn from power supply and is dissipated as
heat. Half of this energy is dissipated during charging and
half is dissipated during discharging.
B. Adiabatic Charging
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In static CMOS logic, the abrupt application of supply
voltage gives rise to high potential across the switching
device. The energy dissipation during charging and
discharging can be minimized to a great effect by ensuring
that the potential across switching device is kept
sufficiently small. Adiabatic charging may be achieved by
charging the capacitor from a time varying source that
starts at 0V. This time varying source rises towards V at a
slow rate that ensures that potential across switching
device is kept arbitrarily small. The adiabatic charging is
shown in figure 1.

Fig.1. Adiabatic charging

In fact the energy dissipated across the resistance, R is

. = . = . . (4)
From the above equation (4), we can see that if T >>

RC, the energy dissipation during charging Ediss ≈ 0.
Same is applicable during discharge process. In addition to
this, in some adiabatic logics, the energy dissipation also
occurs due to threshold voltage of MOSFET and diode
cut-in voltage. The energy dissipation due to threshold
voltage Vt is = 0.5 (5)

The energy dissipation due to diode cut-in voltage Vd is= (6)
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Where, Vs is the voltage swing.

III. DESIGN AND IMPLEMENTATION OF

ADDERS

Different adiabatic logic styles contain different number
of transistors and different number of power clocks. In this
section we will study different adiabatic logic styles,
which are derived from static CMOS, without large
change: 1n1p split-level pulse adiabatic logic, 1n1p quasi
adiabatic logic and conventional CMOS style from which
both adiabatic style are derived.
A. 1n-1p Quasi full adder

The 1n1p quasi adiabatic logic basically, it is similar to
conventional CMOS except, it includes a sinusoidal power
clock instead of dc power supply. By implementing 1n1p
quasi adiabatic logic, it is possible to achieve quasi
adiabatic operations with conventional static CMOS gates
under one phase driving. If driver is varied sufficiently
slowly, dissipation occurs only during charging and
discharging of load capacitor [7]. The sources of power
dissipation in 1N1P quasi adiabatic logic are threshold
voltage of MOSFET and energy dissipated in NMOS and
PMOS resistance while charging and discharging of load
capacitance. The use of slowly varying power clocks
ensures the small energy dissipation across the ON
resistance of MOS devices.

Fig.2. Schematic of 1-bit 1n-1p quasi full adder

Fig.3. Simulation result of 1-bit 1n-1p quasi full adder

Fig. 4 Schematic of 4-bit 1n-1p quasi ripple carry full
adder

Figure 2, and figure 3 shows schematic of 1-bit full
adder and it’s simulation result, while figure 4, and figure
5 shows 4-bit ripple carry adder and it’s simulation result.

Fig.5. Simulation result of 4-bit 1n-1p quasi ripple carry
full adder

B. 1n-1p Split level adder
The second adiabatic logic family that we are going to

discuss is 1n1p split-level pulse adiabatic logic. It
comprises a conventional CMOS gate with two
complimentary split-level pulse voltages. The peak voltage
of each clock supplies is VDD/2 to the gates. In this logic
family, the dissipation occurs solely from a finite rate of
change of driving voltage and can be decreased to any
desired level figure 6, and figure7 shows the schematic
and its simulation result for 1 bit full adder, while figure 8,
and figure 9 shows 4-bit ripple carry full adder.

Fig.6. Schematic of 1-bit 1n-1p split full adder



a

Copyright © 2013 IJECCE, All right reserved
9

International Journal of Electronics Communication and Computer Engineering
Volume 4, Issue 1, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209

Fig.7. Simulation result of 1-bit 1n-1p split full adder

Fig.8. Schematic of 4-bit 1n-1p split ripple carry full adder

Fig.9. Simulation result of 4-bit 1n-1p split ripple carry
full adder

C. Conventional adder
The conventional full adder design using static CMOS

design the schematics to realize the Carry and Sum
functions of a full adder are shown in figure 10, figure 11
shows it’s simulation result, while figure 12, figure 13
shows 4-bit ripple carry adder and simulation result of it.

Fig.10. Schematic of 1-bit static CMOS full adder

Fig.11. Simulation result of 1-bit static CMOS full adder

Fig.12. Schematic of 4-bit static CMOS ripple carry full
adder

Fig.13. Simulation result of 4-bit static CMOS ripple carry
full adder

IV. COMPARATIVE ANALYSIS OF ADDERS

As we analysis all three adder in 1-bit as well as 4-bit
adder by varying the load capacitance start from 10fF to
200fF, by applying power clock of 100MHz, other inputs
of 6.25MHz, 12.5MHz and 25MHz respectively.we are
increasing load capacitance dissipated power also
increasing. By comparative analysis we can see that
adiabatic logic has low dissipation power compared to
static CMOS logic and from two adiabatic logic 1n-1p
Quasi has a least power dissipation at 1v power clock.
Table 1 and table 2 shows the average power consumption
for 1-bit and 4-bit adder respectively.
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Table 1: Power Dissipation of 1-bit Full Adder

Table 2 : Power Dissipation of 4-bit Adiabatic Full Adder

Fig.14. Graphical representation of 1-bit adder power
dissipation

V. CONCLUSION

From all results display by graph and observed from the
table 1 and table 2, we comes to know the adiabatic family
has a low power dissipation compared to static CMOS
adder, while in adiabatic technology 1n-1p Quasi has the
high power dissipation as shown in graphical
representation the power dissipation is linearly increases
with increase in load capacitance, whereas in 1n-1p split
level somewhat lower power dissipation

Fig.15. Graphical representation of 4-bit Adibatic adder
power dissipation
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