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ABSTRACT

This paper is present very common arithmetic circuit .This circuit is faster has low power consumption by
using a new 3 transistor XOR gate. It has two basic features high speed & low power consumption .For the
arithmetic circuit very useful parameter low power consumption & time delay. The area of a circuit is
directly related to number of gates used in a circuit. In the present design one bit 8T full adder minimizes
area, and hence power efficiency. This paper contributes to better understanding of the behavior of single
bit full adder cell .When low power delay products are essential full adder cell have been implemented in
Tanner 14 Ver. suit and simulation using 70nm CMOS technology to obtain of the performance of the cell
with respect to time and power consumption.
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1. INTRODUCTION

Arithmetic function is very common function for the various electronics fields. In many cases
determine speed factor for the addition of the numbers. The addition is the very common
operation in the electronics circuits. Just like microprocessor, digital signal processing & data-
processing application-specific integrated circuits. Minimum time delay & minimum power
consumption is the must for the VLSI circuits. Minimum time delay & area is directly depends on
the number of transistors. In this paper introduce 8T full adder circuit it’s also having minimum
no. of transistor that the reason time delay & area is also minimum. In full adder fast carry
generation is important factor .For the high speed carry generation can be minimized the worst
path delay.

2. PREVIOUS WORK

A survey of literature shows a broad spectrum of different types of full adder that have been
actualized over in the last years. The early designs of full adder circuit were based on the 3T
XOR gate [2].
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In the last ten years the design of fourteen transistor full adder has been considerable used .It is
produced by two XNOR gates & carry by four transistor (MUX).The base of MUX is pass
transistor logic. By the two transistor multiplexers based on pass transistor logic it can be reduce
the total number of transistor count of adder .By using 12 transistor full adder circuit based on
pass transistor logic shows poor noise margin. This paper is introducing 8T full adder circuit
.This design is having only two stages. First stage for the sum is having 6 transistors and another
stage for the carry is the based on the two transistors multiplexer. The idea is successful for the
minimizing delay & high speed of the full adder circuit [1].

3. DESIGN OF THE THREE TRANSISTOR XOR GATE.

The is a 3T XOR gate.
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Figurel. 3T XOR Gate
Tablel. Truth Table for 3T XOR gate.
A (input) B (input) Output
0 0 0
0 1 1
1 0 1
1 1 0

3 transistor XOR gate using in this 8T full adder circuit. This a combination of CMOS inverter &
one pass transistor .By this full adder circuit minimizing delay of circuit & power consumption
.The XOR gate is based on CMOS inverter and one pass transistor when input B=1the output
become of XOR gate is the complement of input A. Another condition B=0 CMOS inverter
output goes to high impedance. The pass transistor is switched on and output is same as the A
input .The function is like that 2 input XOR gate, when A=1 & B=0. Both the transistor PMOS2
& NMOS trying to switched on because of the W/L ratio PMOS2 threshold voltage is minimum
comparative NMOS that the reason PMOS?2 is conducted first & the output is same as the A input
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.The minimize threshold voltage by increasing W/L ratio of transistor is relates by channel length
& width (1).

r :VTO”(\/‘?B“L%)“’ﬁ%(VSB*%)‘O’V%VdY +“w%x(VSB+¢0) """"""" (D
Where

Vo = zero bias threshold voltage

v = bulk threshold coefficient
¢, = Fermi potential

I,y = thickness of the oxide layer

a, ,a, and «,, = are process dependent parameters

According to this equation (1) by increasing width can be minimized threshold voltage.
A problem is when A=1, B=0 in this condition N, transistor region since its gate has a logic high

input P, transistor is also in active region its gate input voltage is logic low .This difficulty can

be overcome by decreasing the W/L ratio.
4. DESIGN OF THE 2x1 MUX

Let us explain 2 input lines having signals as [, and I, for selecting one of the 2 inputs signals

.We require addresses which can be a one bit word the address line are designated as a S, .

Table 2. Truth Table for 2X 1 Multiplexer

S, OUTPUT
0 I,
1 I,

This truth table can be expressed by the following Boolean expression.

Ooutput=S; I+ ST, ()

Multiplexer circuit also works as select line A @ B. A @ B =0 the PMOS transistor is activated
and its pass A input voltage at output terminal. A @ B =1 NMOS transistor is activated is
transfer C input voltage at the output terminal. NMOS W/L ratio is 1/1 and PMOS W/L ratio 2/1.

MUX output is satisfied full adder carry output. 2X 1 Multiplexer shown in fig 2.
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Figure 2. 2X1 multiplexer

5 DESIGN & IMPLEMENTATION OF FULL ADDER CIRCUIT

This present approach as shown in symbolic circuit diagram of figure 3. We have used two XOR
cells and transmission gate multiplexer to design the full adder. Sum is generated by two XOR
gates Carry output is generated by 2x1 multiplexer (MUX).
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Figure 3. Symbolic Circuit Diagram of full adder circuit

In Schematic circuit diagram of figure 4. Two transistors multiplexer based on pass transistor
logic can also be used to generated Carry output which reduces the total transistor Carry output of
the adder.



International Journal of Microelectronics Engineering (IIME), Vol.2, No.3, July 2016

Figure 4. Schematic Diagram of 8T Full Adder.

In single bit full adder circuit is having two XOR gates and one multiplex gate. A and B input is
connected to the first XOR gate. C input is connected to second XOR gate .A @ B is select line
for MUX, if A ® B=0 PMOS transistor is selected. A @ B=1 NMOS transistor is selected. PMOS
source terminal is connected to A input voltage and NMOS source terminal is connected to C
input voltage.

This design is based on a modified version of a CMOS inverter and a PMOS pass transistor. The
input B become a high .The CMOS inverter behaves like a simple inverter .The output become of
XOR gate is the complement of input A.

5.1 In case A=0, B=0 and C=0

The B=0 CMOS inverter output goes to high impedance. However the pass transistor PMOS3
is and the output gets the same logic value as the A input. A @ B =0 and C=0 in a second XOR

gate. When A@ B =0 the CMOS inverter output is at high impedance, the pass transistor
PMOS, is enabled and the output get the zero. A @ B =0The PMOS; transistor is activated

its pass A input voltage at the output. The carry output is zero. The operation of the whole circuit
is thus like a full adder.
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6. SIMULATION AND PERFORMANCE ANALYSIS OF 8T FULL
ADDER CIRCUIT

Tanner 14 used as simulation tool finding proposed full adder circuit results .This paper is based
on full adder circuit results .This paper is based on 70nm technology the output result is shown in
fig 4.

The result of present full adder circuit using By S-Edit calculates by this power, time delay &

-008
and for carry

PDP. By considering the simulation result average power for sum 2.0131e
1.8110€™" The average power consumption across to a circuit is 0.499uw. Which is about by
using these values we have change in schematic capacitor values hasC, = 1ff
,Vy; =1.2v Since a circuit responds differently to different input combinations. The input

output waveforms for the eight transistor full adder are shown in fig 5.

The load capacitance is increase of CMOS full adder circuit. The propagation delay and power
dissipation is also increase. The increase width of NMOS transistor, decreasing linearly

propagation delay and power dissipation. Power dissipation (P,) will decrease by decreasing
supply voltage (i.e. P, is proportional to the square of the VDD) .In case of propagation delay
(t,) is inversely proportional to the supply voltage.

Power consumption is calculated by across to the voltage source A, B & C input terminals. And
find average power consumption of this circuit shown by fig.5.

Figure 5.Wave form of 8T full adder circuit.
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The width of PMOS is directly proportional to the power dissipation, propagation delay & load
capacitor. The supply voltage, width of NMOS, PMOS loads capacitor all this parameter value is
minimum that the reason power dissipation is also minimum. The power —delay —product (PDP)
1s important parameter for VLSI circuits .This is the product of time delay & power.

Table 2. Performance Table of Full Adder Circuits

Design Technology No. of Power Consumption Time PDP
Transistor Delay
Proposed 70nm 8T 0.499uw 10.15ns 5.065fj
[9] 90nm 8T 87.53 pw 33ps 2.891j
[6] 90nm 14T 8.85 uw 125.8ps 1.113fj
[8] 180nm oT 4.065 pw 21.91ps 0.089fj
[2] 350nm 14T 132 uyw 160ps 21.121j

The above table gives comparative analysis of performance of different full adder circuits. The
proposed 8T full adder circuit is better than technology of 90nm, 180nm, and 350nm. There is
only one drawback in the proposed circuit that it has poor time delay comparative other circuits.

7. CONCLUSION

A new design for full adder is proposed and single bit full adder based on 3T XOR gate using 8
transistors has been designed .Proposed adder shows power consumption of 0.499uw maximum
output delay 10.15ns and PDP is 5.065fj with supply voltage of 1.2 v .Adder has been compared
with earlier reported with reduced transistor Carry output than earlier reported circuit. This is
suitable for low energy application .Also the realization of CMOS full adder given even better
calculation of power delay product by rising using 70nm CMOS technology. The minimum
power consumption 1 bit full adder circuit is suitable for 1.2v voltage supply .The proposed
circuit improve speed of a full adder circuit.

REFRENCES

[1] Shubhajit Roy Chowdhury ,Aritra Banerjee, A Niruddha Roy ,Hiranmay saha A high speed 8
Transistor full  adder design using novel 3 transistor XOR gates .International journal of electrical
and computer engineering 3:12 2008

[2] A New Low Power Single Bit Full Adder Design with 14 Transistors using Novel 3 Transistors XOR
Gate,Manoj Kumar, Sandeep K. Arya, and Sujata Pandey

[3] N.Weste and k.Eshranghaian ‘Principles of CMOS VLSI Design: A system perspective’’ Reading
MA Addison-wesley 1993

[4] Fayed and M. Bayoumi, “A low-power 10-transistor full adder cell for embedded architectures,” in
Proc. IEEE  Symp. Circuits Syst., Sydney, Australia, May 2001, pp. 226-229

[5] Introducing 65nm technology in Microwind (3) Etienne Sicard , sayed Mahfuzul Aziz.



International Journal of Microelectronics Engineering (IIME), Vol.2, No.3, July 2016

[6] A review of the 0.09 um standard full adder, V. Vijay, J. Prathiba, S. Niranjan Reddy and P. Praveen
kumar, International Journal of VLSI design & Communication Systems (VLSICS) Vol.3, No.3 June
2012

[7] On the Design of High-Performance CMOS 1-Bit Full Adder Circuits, Shivshankar Mishra,V.
Narendar,Dr. R. A. Mishra, International Conference on VLSI, Communication & Instrumentation
(ICVCI) 2011 Proceedings published by International Journal of Computer Applications (IJCA).

[8] New Design Methodologies for High Speed Low Power XOR-XNOR Circuits. Shiv ~ Shankar
Mishra, S. Wairya, R. K. Nagaria, and S. Tiwari, World Academy of Science, Engineering and
Technology 31 2009.

[9] Nabiallah Shiri Asmangerdi, Javad Forounchi, Kuresh Ghanbari, "A New 8-  Transistors Floating
Full- Adder Circuit," 978-1-4673-1148 9/12/$31.00 ©2012 IEEE.

[10] M. suneela ,P. Pushpalatha , “Design of area efficient low powerfull adder using 323nm technology”
proceedings of AECE —-IRAJ] CMOS , 14TH JULY 2013, TIRUPATI, INDIA, ISBN: 978-81-
927147-9-0 .

[11] Jagannath Samanta, Bishnu Prasad De, Banibrata Bag, Raj Kumar Maity, Comparative study for
delay & power dissipation of CMOS Inverter in UDSM range. International Journal of Soft
Computing and Engineering (IJSCE) ISSN: 2231-2307, Volume-1, Issue-6, January 2012

AUTHOR

Priyanka Rathore has received B.E. degree in Electronics and Communication
Engineering in 2007 from Ujjain Engg. College, Ujjain (M.P.) and M. E. in Digital
Communication from U. E. C., Ujjain (2015). The present paper is on VLSI
Technology.




