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Abstract — In this paper | had implemented the different
two types of 1-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 the complementary pass
transistor (CPL) logic and 2 phase clocked adiabatic static
CMOS logic (2PASCL) 1-bit adder for power dissipation as
well as energy consumption, result suggest adiabatic method
has low power and low energy consumption compared to
complementary passtransistor logic.

Keywords — Adibatic Logic, CPL, 2PASCL, DSP, CMOS,
Low Power.

|. INTRODUCTION

Power consumption and it’s minimization is one of the
primary concerns in today VLSl 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 |C packaging problems.

Adiabatic logic reduces the energy dissipation by
reducing the dissipation across resistances of conducting
MOSFETSs 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 Quas 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.

1. ADIABATIC CHARGING VCS.
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 adc
supply of potential VDD, an energy
E= CLVip. (D)

Iswithdrawn fromsupply. Only half of thisenergy

istemporarily stored in capacitor CL. The remaining
E=05C.Vép...oo. ... (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

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

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 OV. Thistime varying source rises towards V at a
dow rate that ensures that potential across switching
device is kept arbitrarily small. The adiabatic charging is
shown in figure 1.

In fact the energy dissipated across the resistance, R is

RC
Eaiss. = I2.RT = T CV]%D e (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 Vtis

E=05CC%..........(5)
The energy dissipation due to diode cut-in voltage Vd is
E=CLVaVs.vo ... (6)

- 1
v

Fig.1. Adiabatic charging
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[11. DESIGN AND IMPLEMENTATION OF ADDER

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: 2PASCL adiabatic logic and complementary pass
transistor logic style are derived.

A. Two Phase Clocked Static CMOS Adiabatic Logic
(2PASCL)

In the logic families which include diode in charging
path suffer from output amplitude degradation. To deal
with this problem, a new logic family named as two phase
clocked adiabatic static CMOS logic. This logic family
does not include diode in charging path, so that output
amplitude degradation does not occur. The 2 phase
clocked adiabatic static cmos logic uses a two phase
clocking split level sinusoidal power supply. One is in
phase while the other is inverted. The voltage level of
Vclk exceeds that of Vclk by VDD/2. By using these two
split — level sinusoidal waveforms, which have peak to
peak voltages of 1V, the voltage difference between the
current carrying electrodes can be minimized and
subsequently, power consumption can be suppressed. It
uses two diodes- one diode is placed between output node
and power clock, Vclk and the other diode is placed
adjacent to nmos logic circuit and connected to other
power clock,Vclk . Both the diodes are used to recycle the
charge from output node and to improve the discharging
speed of internal nodes. Like other families discussed
here, we have used MOSFET as diode by shorting gate
and drain of mosfet together. The sources of power
dissipation in this logic family are diode cut-in potential,
threshold voltage of mosfet or the potential drop between
drain and source of conducting MOSFETSs and dissipation
in resistance of pmos and nmos while charging and
discharging the load. The use of dowly varying power
clocks ensures the small energy dissipation across the ON
resistance of MOS devices.The schematics to realize the
Carry and Sum functions of a full adder using 2PASCL
are shown in figure 3, figure 4 shows output waveforms.
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" Fig. 2 Block diagram of 2PASCL.
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B. Complementary Pass Transistor Full adder

The second style for full adder is conventional
complementary pass transistor logic style in which carry
and sum is implemented with inverted output. This
technique generally used for high speed and low power
compared to conventional static CMOS logic. The
implementation of CPL 1-bit full adder shows in figure 6,
Whereflgure 7 shows simulation result of it.
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Fig. 5 Block diagram of1 -bit CPL full adder o
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Fig.6. Schematic of 1-bit CPL full adder
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oms — Table Il : Energy consumption of 1-bit full adder
Load Capacitance Average Power Dissipation
(F) W)
2PASCL CPL
10 0.4793 2.7825
' ‘ 20 0.5216 3.0702
30 0.8141 3311
40 1.1274 3.7927
50 1.4826 4.1704
Rt o = 60 1.8154 4.1765
Fig.7. Simulation result of 1-bit 1n-1p CPL full adder 70 2.1803 4.6514
80 2.4996 4.6669
90 2.8334 5.2583
V. COMPARATIVE ANALYSISOF ADDER 100 3.18 3.2903
110 3.5534 5.7853
As we analysis al adder in 1-bit adder by varying the 120 3.9225 6.0657
load capacitance start from 10fF to 200fF, by applying 130 4.2985 6.0964
power clock of 100MHz, other inputs of 6.25MHz, 140 4.6657 6.5734
12.5MHz and 25MHz respectively, as we are increasing 150 5.0992 6.9296
load capacitance dissipated power also increasing. By 160 5.4761 6.9816
comparative analysis we can see that adiabatic logic has 170 5.9073 7.5087
low power dissipation and low energy consumed 180 6.3162 7.7299
compared to Complementary pass transistor logic. 190 6.6942 7.7316
200 7.1116 7.9945
Tablel : Power Dissipation of 1-bit Full Adder
Load Capacitance | Average Energy Consumption
(111;») : qﬁ) ! 1-bit Adder Comparative
2PASCL CPL Ana |ys is
10 0.7669 0.5008
20 0.8345 0.5526 = 10
30 0.1306 0.5959 E S
40 0.1803 0.6826 5 0
30 0.2372 0.7506 ® 10 30 50 70 90 110130150170190
60 0.2904 0.7517 -%
70 0.3488 0.8372 3 Load Capacitance (fF)
80 0.3999 0.84 b
90 0.4533 0.9465 2 ——cpL 2PASCL
100 0.5088 0.9522 &
110 0.5685 1.0414 Fig.8. Graphica repre;eer)tati_on of 1-bit adder power
120 0.6276 1.0918 dissipation
130 0.6877 1.0974
140 0.7465 1.1832
150 0.8158 1.2473 1-bit Adder Comparative
160 0.8761 1.2567 :
170 0.9451 1.3516 AnalySIS
180 1.0106 1.3914 2
190 1.0711 1.3917 1.5
200 1.1379 1.439 1 /
05 ==
0

10 30 50 70 90 110 130 150170 190

Load Capacitance (fF)

Energy Consumption (pJ)
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Fig.9. Graphical representation of 1-bit adder energy
consumption
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V. CONCLUSION

From al 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 as well as low power
consumption compared to Complementary pass transistor
adder. If we count the transistor number than adiabatic
logic has high count having 35 transistor where
complementary pass transistor logic has low transistor
count having 32, than also we got low power and energy
consumption in adiabatic logic family.

ACKNOWLEDGMENT

| want to sincerely say thanks to my guide Prof. Sandip
Nemade to guide and choose such a level of work for me,
at last but not least | thank full to al staff of department
who help me directly or indirectly.

REFERENCES

[1 Praveen Saxena, dinesh Chandra and Sampath kumar, Design Of
“A 1-Bit Full Adder For Low Power Application”, in (IJAEST)
International Journal Of Advanced Engineering Sciences And
Technologies Vol No. 10, Issue No. 1, 019 — 025, 2011.

Y. Sunil Gavaskar Reddy and V.V.G.S.Rajendra Prasad, “The
Power Comparison Of Cmos And Adiabatic Full Adder
Circuits” in International Journal of VLS| design &
Communication Systems (VLSICS) Vol.2, No.3, September
2011.

Praveen Saxena, dinesh Chandra and Sampath kumar, “An
Adiabatic Approach For Low Power Full Adder Design™, in
International Journal on Computer Science and Engineering
(IJCSE) Vol. 3 No. 9 september 2011.

Subodh Wairya, Rgjendra Kumar Nagaria and Sudarshan Tiwari,
“Comparative Performance Analysis of XOR/XNOR Function
Based High-Speed CMOS Full Adder Circuits For Low Voltage
VLSI Design,” in International Journal of VLS| design &
Communication Systems (VLSICS) Vol.3, No.2, April 2012.

A. Kishore Kumar, D. Somasundareswari, V. Duraisamy, T.
Shunbaga Pradeepa, “Design of Low Power Full Adder using
Asynchronous Adiabatic Logic” in European Journa of
Scientific Research ISSN 1450-216X Vol.63 No.3 (2011), pp.
358-367.

The Manoj Kumar, Sandeep K. Arya and Sujata Pandey, “Single
bit full adder design using 8 transistors with novel 3 transistors
XNOR gate” in International Journal of VLS| design &
Communication Systems (VLSICS) Vol.2, No.4, December
2011.

R.UMA, Vidya Vijayan, M. Mohanapriya, Sharon Paul, “Area,
Delay and Power Comparison of Adder Topologies” in
International Journal of VLSI design & Communication Systems
(VLSICS) Vol.3, No.1, February 2012.

Jin-FaLin, Yin-Tsung Hwang, Ming-Hwa Sheu, and Cheng-Che
Ho, “A Novel High-Speed and Energy Efficient 10-Transistor
Full Adder Design” IEEE Trans. Circuits and Systems, vol. 54,
No. 5, pp. 1050-1059, May 2007.

Dai Jing. Hu Jianping, Zhang Weigiang, Wang Ling, ““Adiabatic
CPL circuits for sequential logic systems™, IEEE MWSCAS’06,
pp.713-717, August 2006.

Ilham Hassoune and Denis Flandre, “ULPFA: A New Efficient
Design of a Power-Aware Full Adder”” IEEE Trans. Circuits and
Systems, vol. 57, No. 8, pp. 2066-2074, August 2010.

Jianping Hu; Weigiang Zhang; Xien Ye Yinshui Xia, “Low
power adiabatic logic circuits with feedback structure using
three-phase power supply”, in Proceedings of International

2

(3l

(4

(5]

(6]

(7

(8l

(9

[10]

(1]

Conference on Communications, Circuits and Systems, Val. 2,
27-30, May 2005.

A. P. Chandrakasan, S. Sheng and R. W. Bordersen, (1992)
“Low-power CMOS digital design,” IEEE Journal of Solid-State
Circuits, Vol. 27, No. 4, pp. 473- 484.

Abdulkarim Al-Sheraidah, Yingtao Jiang, Yuke Wang and
Edwin Sha, (2001) ““A Novel Low Power Multiplexer-Based Full
Adder,” European Conference on Circuit Theory and Design,
Espoo, Finland, pp. 1329-1332.

Uming Ko, Poras T. Balsara and Wai Lee, (1995) ““Low-Power
Design Techniques for High- Performance CMOS adders,”
IEEE Transactions on Very Large Scale Integration (VLSI)
Systems, Vol. 3, No. 2, pp. 327-333.

Subodh Wairya , Garima Singh, Vishant, R. K. Nagaria and S.
Tiwari (2011), “Design Analysis of XOR (4T) based Low
Voltage CMOS Full Adder Cell,” In Proceeding of IEEE
International Conference on Current Trends In Technology
(NUICONE’11), Ahmedabad, India pp. 1-7.

(12]

(13]

(14

(19]

AUTHOR’S PROFILE

Jitendra R. Patel
A post graduate student of Technochrate Institute of
Technology, Bhopal, RGPV university, MP, India
Has graduation in Electronics and Communication
from Shri C. U. Shah college of Engineering and
Technology, Wadhwan City, Saurastra University,
Rajkot, Gujrat, India. My area of interest is VLSI
methodologies, Wireless communication and

(5

-

. w
design and it’s
microelectronics.

Copyright © 2013 I JEIR, All right reserved

70



