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ABSTRACT 

As technology has scaled down, the implications of leakage 

current and power analysis for memory design have increased. 

To minimize the short channel effect Double-gate FinFET can 

be used in place of conventional MOSFET circuits due to the 

self-alignment of the two gates. Design for XOR and XNOR 

circuits is suggested to improve the speed and power. These 

circuits act as basic building blocks for many arithmetic 

circuits. This paper contrasts and evaluates the performance of 

conventional CMOS and FinFET based XOR-XNOR circuit 

design. It is based on the study of high speed, low power, and 

small area in XOR-XNOR digital circuits. The proposed 

FinFET based XOR and XNOR circuits have been designed 

using Cadence VIRTUOSO Tool applying voltage supply of 

0.2 to 1.2 voltages, with temperature at 270C and all the 

simulation results have been generated by Cadence SPECTRE 

simulator at 45nm technology. Simulation results exhibit low 

power, delay, power, delay product (PDP), and average 

dynamic power consumption. 
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1. INTRODUCTION  
These days the use of portable electronic devices like cellular 
devices, laptops has grown exponentially.  The main necessity 
of these portable devices is decreased power consumption, 
small area and high speed of operation. To meet these 
necessities research attempts in the field of low power VLSI 
(very large scale integration) have increased manifolds. As the 
number of transistors increases on a silicon single chip, the 
package density also enhances. As the CMOS process 
technology shrinks, the critical concerns arise with increase in 
leakage power consumption. The scaling of devices aim at 
increasing operational speed, reduction in space used and better 
control on channel by the gate configurations. The scaling of 
CMOS technology is based on Moore’s law which says that the 
number of transistors on a chip doubles every 18 months. 

Less power consumption is one of the most important factors in 
CMOS circuit design. Lowering the supply voltage (VDD) is a 
good way to reduce power consumption. On the other hand, 

when VDD is lowered, gate delay is enhanced and hence 
operating frequency is decreased. Recently two techniques 
have been proposed which enable VDD reduction without the 
performance degradation [1]. The demand for high density 
circuits and the dependency of the leakage current on the 
thickness of oxide      and threshold voltages      are 
emerging as big requirements in deep sub-micron CMOS 
technology. There are various factors responsible for the 
leakage current such as the gate leakage current due to very 
thin     and the sub threshold leakage current due to low     
[2]. As technology becomes proportionally small, it requires 
not only very ultra-thin     to keep the current driving but also 
very low     to maintain the device speed and    variations 

under control when dealing with short-channel effects (SCEs) 
[3].  

When the transistor is in OFF state, the current flows between 

the drain to source terminals, this current is also called sub 

threshold leakage current. The sub threshold current also 

passes when the gate to source voltage  gs of transistor is less 

than the threshold voltage  th  As technology scales down, the 

threshold voltage  thof the transistor diminishes resulting in 

exponential improvement in sub threshold leakage current. 

When the current flows from the gate through the oxide layer 

to substrate, it is called gate leakage current. The gate leakage 

current of the transistor also enhances with the reduction of the  

to  over the linear region of the transistor [4]. Continuous 

shrinking of channel length increases the speed of devices in 

very large scale circuits [5]. This stable miniaturization of 

transistor with new contemporaries in bulk CMOS technology 

has yielded repeated improvements in the performance of 

digital circuits. The scaling of CMOS device faces significant 

challenges in the future due to fundamental material and 

procedure technology limitations. 

Scaling limitations of CMOS technologies, for instance short 
channel effects or leakage currents impose the introduction of 
new device concepts like silicon-on-insulator (SOI) and/or 
multi-gate transistors [6]. However, scaling of MOS becomes 
considerably difficult for technology nodes below 45 nm, 
where the proximity source and drain cuts down the control of 
the gate over the channel leading to unacceptable short channel 
effects [7]. In 45nm technology, FinFET based designs offer 
better control over SCEs, low power, low leakage and better 
yield [8] which help to overcome the challenges in scaling. 
Thinner gate oxide assists in improvement of the short-channel 
effects (SCEs) [9].   

FinFETs are 3D structures that rise above the planar substrate, 
providing them more volume than a planar gate for the similar 
planar area. Given the tremendous control of the conducting 
channel by the gate, which “wraps” around the channel, very 
small current is allowed to flow through the body when the 
device is in the OFF state. This allows the use of smaller 
threshold voltages (   ), which yielding to optimal power and 
switching speeds. FinFETs are scalable as long as it is possible 
to scale the thickness of the channel. 

Double gate MOSFETs (DG) body potential, controlled from 
two sides due to this DG MOSFET, has higher short channel 
effect immunity [10]. FinFET a double gate device in which 
second gate is added opposite to the first gate has long been 
discerned for it has better control on short channel effect [11]. 
Fabrications of FinFET devices are same as CMOS devices 
[12]. In this paper, short gate FinFET is used. XOR –XNOR 
circuits are the sub-circuits that are mostly used in various 
circuits’ especially-Arithmetic circuits (Full adder and 
multipliers), Compressors, Comparators, Parity Checkers, 
Code converters, Error-detecting or Error-correcting codes and 
Phase detector. The performance of complex logic circuit is 
enhanced by the individual performances of the XOR-XNOR 
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circuits [13]. Several designs are available to realize the XOR-
XNOR function using different logic styles [14]. The proper 
selection of XOR-XNOR circuit can add to the performance of 
large number of circuits. It optimizes the design for reduced 
delay, lesser PDP and lesser degradation on output voltage 
level. The aim to design XOR-XNOR gate is to obtain low 
power consumption and delay in the critical path and full 
output voltage swing with less number of transistors to 
implement it [15]. 

 

              

Fig. 1 3D structure and cross-sectional view of FinFET 
device 

The remainder of this work is organized as follows. Section II 
gives the idea on previous works done on XOR and XNOR 
circuits in past two decades. Section III gives a short 
introduction to the proposed FinFET based XOR and XNOR 
circuit design. Simulation results are compared in section III. 

Some conclusions are shown in Section IV. 

2. PREVIOUS WORK 
Exclusive–OR (XOR) and Exclusive-NOR (XNOR) circuits 
have complementary functions with regards to each other. The 
binary operations perform the following Boolean Functions- 

A⊕B = A'B + AB'                                            (1) 

A    B = A'B' + AB                                           (2)  

A lot of designs were recorded to recognize the XOR-XNOR 
functions using different number of transistors, techniques and 
approaches [16][17][18][19][20][21].To amend the circuit 
performance in  terms of speed and density  the transistor count 

and methodologies kept changing in these previous papers. In 
[16] the conventional design of XOR-XNOR circuit using 
static CMOS network can be found. The inputs are connected 
to both an NMOS transistor and a PMOS transistor. It furnishes 
a full output voltage swing with many numbers of transistors. 

The XOR-XNOR circuits based on transmission gates are 

described in [17].  This circuit design uses complementary 

inputs and eight transistors and has a hitch of loss of driving 

capability. XOR-XNOR circuits also have inverter based 

design. Inverter based design does not necessitate 

complementary inputs. However, it has no driving capability 

because there is no straight connection to VDD and GND. By 

adding a standard inverter to the output, this circuit design has 

been improved. This altered circuit provides a good driving 

capability but uses dozen transistors for XOR-XNOR circuits. 

Design in [18] suggested two of XOR-XNOR circuits (Fig.2 

and Fig.3) and claimed to have lower PDP, less power 

dissipation, and  as swift as the design proposed in [19] with a 

low supply voltage. On the other hand, both the circuits 

provide a poor signal at output voltage in definite input signal 

combination. The XOR-XNOR circuit based on Pass Transistor 

Logic (PTL) using 6- Transistor is described in [20] as 

illustrated fig. 4. This circuit design exhibits full output voltage 

swing and better driving capability by using VDD and GND 

connection.    

Design in the [21] is an improved version of [20] shown in fig. 

5 and has improved power-delay product and higher noise 

resistance. The XOR-XNOR circuit contributes a forward and 

backward feedback between the XOR-XNOR gate in [19] and 

additional transistors to correct the tarnished logic level 

problems. This configuration shown in fig. 4 furnishes an 

improved performance of the circuit. 

 

Fig. 2 XOR-XNOR gate using 8 transistors in [18] 
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Fig. 3 XOR-XNOR gate using 10 transistors in [18] 
 

 
Fig. 4 XOR-XNOR gate using 8 transistors in [19] 

 

 
Fig. 5 XOR-XNOR gate using 6 transistors in [20] 

 
Fig. 6 XOR-XNOR gate using 8 transistors in [21] 

3. PROPOSED XOR-XNOR GATE 

CIRCUIT 
In Fig 7, the proposed circuit design of XOR-XNOR gate using 
6- Transistors is displayed. This circuit design uses a concept 
of pass transistor and MOS inverter. The use of inverter is a 
driving output to attain a perfect output swing. VDD 
connection to transistor E3 and E4 are used to drive a good 
output of ‘1’ (high). The output of XOR becomes ‘0’ (low) 
when transistor E4 is used to drive the output signal and input 
signal A=B=1. In this condition, when transistor E1 and E2 are 
ON, they will pass a poor signal ‘1’ with respect to the input of 
inverter. The output XOR will also be disgraced and 
accomplish a good output signal, transistor E4 is ON when 
output of XOR is ‘0’, and it will pass the ideal signal ‘1’ from 
VDD to the XOR. 

Table 1. XOR and XNOR Gate Function 

Input Output 

A B XOR XOR 

0 0 Good 0 Good 1 

0 1 Good 1 Good 0 

1 0 Good 1 Good 0 

1 1 Good 0 Good 1 

 

 

Fig. 7 Proposed XOR-XNOR gate using 6 transistors 

The XOR-XNOR gate circuit simulation results have been 
generated by Cadence SPECTRE simulator in the voltage 
range 0.2 to 1.2 at 45nm technology. Simulation is performed 
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by changing supply voltages to show the effect of different 
voltages to the power dissipation of XOR-XNOR circuit. The 
analysis has been carried out on the combination of XOR-
XNOR, based on the previous design. The delay has been 
computed between the time when the changing input reaches 
50% of voltage level and the time its output reaches 50% of 
voltage level for both rise and fall transition. The power-delay 
product (PDP) is measured as the product of the average delay 
and the average power.  

Table 2 shows the comparative output value for XOR-XNOR 
circuits for each input combination. In table 3, results of 
simulation have been listed which include a delay, power 
dissipation and power delay product as represented in Fig. 
8,9,10,11,12. The overall PDP for the proposed circuit has 
improved more than 50% from previous circuits except from 
the circuit in [20], but nearly similar at the low supply voltage.   

Fig.8 worst case delay of different XOR circuit 

 

 

 

Fig. 9 worst gate delay of XOR circuit 

 

Fig. 10 Power consumption of different XOR-XNOR 

circuit 
 

 

 

Fig.11 Power-delay products (PDP) of different XOR 
circuit 

 

 

 
0 

0.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 

0 0.5 1 1.5 

Proposed 6T 
at 45 nm 
6Tat 180 nm 

8T[18] 
at180nm 
10T[18] 
at180nm 
6T[20] 
at180nm 
8T[21] 
at180nm 
8T[19] 
at180nm Supply Voltage (V) 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

0.2 0.4 0.6 0.8 1 1.2 

8T[19] 
at180nm 

8T[21]at18
0nm 

6T[20] 
at180nm 

10T[18] 
at180nm 

8T[18] 
at180nm 

A
ve

ra
ge

 p
o

w
er

 (
fW

) 

Supply Voltage (V) 

0 

2000 

4000 

6000 

8000 

10000 

12000 

0.2 0.4 0.6 0.8 1 1.2 

Proposed 
6T at 45nm 
6Tat 180 
nm 
8T[18] at 
180nm 
10[18] at 
180nm 
6T[20] at 
180nm 
8T[21] at 
180nm 
8T[19] 
at180nm 

Supply Voltage (V) 

P
D

P
 (y

J)
 

0 

0.5 

1 

1.5 

2 

2.5 

3 

3.5 

4 

4.5 

5 

0 0.5 1 1.5 

Proposed 
6T at 45nm 
6Tat 180 
nm 
8T[18]at 
180nm 
10T[18] at 
180nm 
6T[20] at 
180nm 
8T[21] at 
180nm 
8T[19] at 
180nm 

Supply Voltage (V) 



International Journal of Computer Applications (0975 – 8887)  

Volume 84 – No 4, December 2013 

 

8 

 

 

Fig. 12 Power-delay products (PDP) of different XNOR circuit 

Table 2. Comparison of Output Value for XOR-XNOR Gate 

Inputs     Proposed 6(T)           8T [18]          10T [18]         6T [20] 8T [21]      8T[19] 

A B XOR XNOR XOR XNOR XOR XNOR XOR XNOR XOR XNOR XOR XNOR 

0 1 Good 0 Good 1 Bad 0 Good 1 Good 0 Good 1 Bad  0 Good 1 Good 0 Good 1 Good 

0 

Good 1 

0 0 Good 1 Good 0 Good 

1 

Good 0 Good 1 Good 0 Good 1 Bad 0 Good 1 Good 0 Good 

1 

Bad 0 

1 1 Good 1 Good 0 Bad 0 Good 0 Good 1 Bad 0 Good 1 Good 0 Bad 1 Bad 0 Bad 1 Good 0 

1 0 Good 0 Good1 Good 

1 

Good 1 Good 0 Good 1 Good 0 Good 1 Good 0 Good 1 Good 

0 

Bad 1 

 

Table 3. Simulation Result of XOR-XNOR Gate 

 Voltage 

(V) 

Proposed 

6T at 45nm 

6Tat 180 

nm 

8T [18] at 

180 nm 

10T [18] 

at 180 nm 

6T [20] at 

180 nm 

8T [21] at 

180 nm 

8T [19] at 

180nm 

Delay for 

XOR (ns) 

0.2 3.537 3.356 2.674 4.546 4.782 3.495 3.672 

0.4 3.134 3.292 2.561 4.243 4.567 3.367 3.576 

0.6 2.93 3.252 2.484 4.083 4.483 3.205 3.422 

0.8 2.857 2.925 2.892 3.101 3.025 2.886 2.891 

1 2.674 2.865 2.825 2.928 2.86 2.828 2.824 

1.2 2.621 2.843 2.802 2.874 2.823 2.81 2.603 

Delay for 

XNOR 

(ns) 

0.2 3.123 3.232 3.576 3.675 4.873 3.386 4.129 

0.4 3.037 3.313 3.494 3.498 4.586 3.198 3.867 

0.6 2.854 2.926 3.239 3.339 4.136 2.966 3.62 
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1 2.567 2.813 2.89 2.852 2.72 2.81 2.844 

1.2 2.495 2.731 2.867 2.831 2.701 2.798 2.711 

Average 

power 

for XOR-

XNOR 

(fW) 

0.2 1.34 2.42 7.34 5.86 1.98 13.34 19.86 

0.4 2.89 4.49 19.82 11.57 2.23 17.54 44.89 

0.6 4.56 6.379 27.7 19.93 2.251 25.69 77.46 

0.8 8.94 12.62 64.36 33.65 13.75 109.4 726 

1 19.86 28.78 121.4 50.19 21.36 270.5 2129 

1.2 44.67 65.04 196.2 79.98 30.55 510.3 4254 

PDP for 

XOR (fJ) 

0.2 3.91 7.87 26.52 34.56 6.03 43.83 84.54 
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0.6 8.63 18.66 89.721 66.55 9.31 76.2 280.41 

0.8 19.72 35.74 198.67 98.33 43.87 310.15 2135.89 

1 35.91 80.96 350.85 143.14 58.1 760.11 6054.88 

1.2 57.95 177.62 562.51 226.42 82.52 1427.82 11532.6 
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4. CONLUSION 
In this paper, the FinFET based 6-transistor design with the 

combination of the XOR-XNOR circuit configuration. The 

performance of this circuit has been compared to previous 

CMOS XOR-XNOR design in terms of delay, power dissipation 

and PDP. The performances of these circuits have been 

evaluated by Cadence virtuoso tool and simulation results have 

been generated by Cadence SPECTRE simulator at 45nm 

technology. According to the simulation results, the proposed 

circuit offers better results than the previous design. It offers the 

lowest power dissipation at a low supply voltage. Based on the 

simulation results, it has been culminated that the proposed 6-

transistor FinFET based XOR-XNOR circuits have better output 

signal levels, consume less power and have higher speed 

compared to the previous designs at low supply voltage. 
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