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1.  Introduction with other circuits. As in case of a full adder,

random number generator etc., XOR gates plays a
part. Hence the improvement of XOR’s
performance improves the performance of an
adder subsystem and so on. For better observation
of the output results, the gates can be connected to
an adder and the performance of each can be
compared.Most of the works concentrated
basically on reducing the size and number of
transistor used in the design. We have designed a
5-transistor XOR gate and hence managed to
bring down the transistor count which is nothing
but the reduction in area, power consumption and
delay in the circuit.

From the time since VLSI brought up a revolution
in the electronics industry, there is a continuous
effort from researchers and scholars to bring down
the three major thingsin VLSI IC design, those are
the silicon area, power consumption and delay in
the transistors. Most of the works concentrated
basicallyon reducing the size and number of
transistor used in the design. We have designed a
5-transistor XOR gate and hence managed to
bring down the transistor count which is nothing
but the reduction in area, power consumption and
delay in the circuit.

The importance given to the design of
XOR gate is because of the fact that most of the The importance given to the design of
systems constitutes of XOR circuits associated
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XOR gate is because of the fact that most of the
systems constitutes of XOR circuits associated
with other circuits. As in case of a full adder,
random number generator etc., XOR gates plays a
part. Hence the improvement of XOR’s
performance improves the performance of an
adder subsystem and so on. For better observation
of the output results, the gates can be connected to
an adder and the performance of each can be
compared with existing technique.

The XOR gates are most fundamental
building blocks in various circuit especially-
Arithmetic and logical gates operations like full
adder, half Adder, Full Sub tractor, half
Subtractor, incrementer, decrementer, multiplexer,
multipliers, Compressors, Comparators, Parity
Checkers, Code converters, Error-detecting or
Error- correcting codes, and Phase detector

In our proposed design paper the XOR
gate is compared with existing seven different
logic design techniques i.e. Standard CMOS
logic, PTL(Pass Transistor Logic) logic,
CPL(complementary Pass Transistor Logic) logic,
DPL (dual pass Transistor Logic) logic,
GDI(Gate Diffusion Logic) logic and Domino
logic. The performances of these techniques have
been evaluated by CADENCEusing the 0.180nm
CMOS technology.

2.  Existing CMOS Design Techniques For
XOR Gates

Static CMOS XOR gate
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Figure 1: Static CMOS XOR GATE

Static CMOS(Complementary Metal oxide
Semiconductor ) logic XOR gate is designed by
using serial and parallel combination of pull-up P-
MOS Transistor network and pull down. NMOS
Transistor network. The major Advantage of the
Static CMOS logic xor Gate has a full swing
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voltage and there is no voltage drop to the
Vth(thereshold Voltage). But major drawback it
has more delay and it consumes more power and
area. Because it is designed by serial and parallel
combination of 4-PMOS and 4NMOS transistors.
Static CMOS XOR gate is shown in Fig.1

PTL based XOR gates :-

In order to reduce the size and power
they constructed the XOR gate by using PTL
based logic. IN PTL logic the Source is
connected with a input instead of Power supply
voltage (VDD). And it requires any one
combination of PMOS logic or NMOS logic to
perform the XOR gate operation. The major
adavantage of the PTL based XOR gate reduces
the area by reducing the transistor count to four.
But major drawback is it suffers in producing a
full swing voltage. And it degrades the output
voltage with respect to input and theres hold
voltage (Vth). It has limited input driving
capability.
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Figure 2: (a, b, ) PTL XOR gates

CPL based XOR gate

In order to Resolve the supply issues like
input voltage and supply voltage degradation, in
later years they designed the XOR gate by using
CPL(Complementary Pass transistor Logic) . In
this logic they modified the entire circuit by using
a combination of NMOS logic and CMOS inverter
to construct a 6T XOR gate. The major advantage
is it has small input capacitances because of
Nmos-Logicand it produces good input and output
driving capability. It is based on Pass transistor
logic networks .but the combination of Nmos-
logic and cmos Inverter it consumes more power
when compared to previous logic and it is the
major drawback of the CPL based XOR gate.
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Figure 3: CPL XOR GATE

DPL XOR gates:

In order to resolve the number of
transistors count ratio in previous logic .And to
reduce the large short-circuit currents and higher
wiring overhead problemthey started to design the
XOR gate by using Double pass transistor logic.
In this double pass transistor logic is a
combination of NMOS and PMOS pass transistor
logic. It reduces the number of transistors and
more wiring overhead. It reduces the voltage drop
problem across the Threshold voltage (Vth)and
reduces the power. The major drawback it
consumes more area because of PMOS pass
transistor logic.
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GDI based XOR gate

In order to resolve the power consumption
consumed by PMOS pass transistor logic , they
introduced a new technique called as Gate
Diffusion Input logic. By using this both PMOS
and NMOS will have a common gate input
Terminal. it is a low power gate diffusion
combination technique.

P terminal input to the source/drain of
PMQOS), and N terminal input to the source/drain
of NMOS Logic.Bulks of both NMOS and PMOS
are connected to N or P (respectively), simple
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GDiI cell as shown in Fig6.
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Figure 6: (n + 2) inputs GDI cell.

This GDI- XOR gate Cell technique will
reduce power, propagation Delay and area.
XOR gate using GDI logic is shown in Figure
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Figure 7: GDI XOR

Domino Logic based XOR-AND gate

The modified form of the above 12
transistors by reducing the number of
inverters originally comes the reduced 8-
transistor XOR gate structure which functions
in a very similar fashion and produces nearly
equal output values while reducing the silicon
area. The 8transistor design using cmos
transistor and its output performances are
shown in figure. In domino Logic the output
is connected with a cmos NOT gate.
According to external inputs, during
evaluation, the output of the inverter is
restricted to only the transition form ‘0’ to 1°,
but from logic ‘1’ to ‘0’ is never possible. So,
when these logic blocks are cascaded, all
input transistor in subsequent logic blocks
will be turned off during the pre-charged
phase, since all buffer outputs are equal to ‘0’.
During the evaluation phase, each buffer
output can make at most one transistor (0 to
1) and thus each input of all subsequent logic
stages can also make at most one transition.
XOR gates using Domino logic style are
shown in Fig.8.
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Figure 8 : Domino logic XOR gate
4-T XOR

In previous logic the XOR Gate is
designed by using either 6Transistors  or
8Transistors by using CMOS logic and DOMINO
logic. In previos logic they find the pre charge
and discharge problems faced in the DOMINO
logic XOR gate. And later versions they have
modified and reduced the transistor count by using
Inverter logic. And they proposed a new design of
4Transistor - XOR gate. After the invension of
4Transistor based XOR gate they find the
drawback that it could operate without requiring
complementary inputs. And further they modified
and they designed a new version of 4T —xor gate
shown in fig 9.However, this XOR gates

consumed considerable silicon area for their
optimum performance and but the power delay
product is also large

Figure 9 (a, b, ¢): 4 Transistor XOR gate
Inverter based XOR Gate

Inverter based XOR gate is constructed by
connecting two CMOS Inverter circuits and the
output of the Cascaded two —cmos inverter is
further connected to another one CMOS-inverter.
The major drawback of this inverter based xor
gate logic is it requires high power supply voltage
to operate .it produces non-full voltage swing at
all internal nodes.
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Figure 10. Inverter based XOR gate
PROPOSED DESIGN

The proposed XOR design is a low power 5
transistor design, which uses 3pMOS and 2nMQOS
transistors. The inputs are fed to both pmos and
nmos placed alternatively and between a pair
forming a pseudo inverter.

The XOR logic canbe explained by
thisexpression,

A+B = AB’+BA’

When both the inputs are high, both the
inputs go OFF not letting the Vdd pass to the
output through the nmos, though they are ready to
conduct. And when both of them are low, then
both the nmos go OFF making theoutput stay at
logic zero.

But when the inputs are alternative, then
either of the path from Vdd to Vss stays closed
making the output go logic high. The schematic of
this XOR is shown in Fig.11.

Vvdd

Input A

Input B
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the output go logic high. The schematic of
this XOR is shown in Fig.11.

Most of the other works carried out before
mainly concentrated in silicon chip area reduction
and power consumption. Though such designs are
optimal for use in several applications, there were
some problems with the output accuracy as most
of the low transistor designs (3, 4 and 6-transistor
cmos XOR) produced bad values at the output for
some input combinations. Three transistor design
produced a bad ‘0’ (i.e., output attained a value
that neared 1) when both inputs are kept logically
high ‘1°.

Few low transistor XOR gate found in the
literature are designed and simulated using
0.18um technology and when the results are
compared, the proposed design produced better
results even with low excitation voltages in the
range of 0.6v to 1.2v.

Also the logic designed using low power
pass transistor logic and CPL (Complementary
Pass transistor Logic) produced inaccurate output
values for some input combinations especially
when both the inputs are high.

This is due to the pass transistors feeding
the part of the input into the output. Even double
pass transistor logic produced bad output value for
a few input combinations. With acceptable silicon
area utilization and minimal power consumption
the proposed XOR is better than other logics and
applicable in many areas.

3. Simulation Results and Comparison

Various design techniques for XOR gate
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are compared based on the performance
parameters like propagation delay, power
dissipation. The simulation results for the existing
conventional design and the proposed XOR
designs are shown here. As explained with various
other designs so far, this paper has one of the best
circuit for an XOR gate and with all the
simulations done in TSMC 0.18um technology
with voltage ranging from a mere 0.6v to 3.6
volts. For all the values, the proposed design
proved to be good with more than good results.
The layout in fig. shows the minimum area
required by the proposed design, which is lesser
when compared with previous designs of XOR
gates.

Waveform outputs for the two designs are shown
below.
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Figure 12 Simulation results of the proposed XOR
gate

Figure 13. Simulation results of the proposed
XOR gate

4.  Chip Area Needed by the Proposed 5-
Transistor XOR Gate

With just 5 transistors making the entire
circuit that has 3 pmos and 2 nmos transistors, the
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area required is much smaller to that of the
conventional 12 and 8 transistor designs. The area
of the entire chip has reduced by around 65%,
meaning that two XOR circuits at the cost of one’s
area.

When considering the designs with even
lesser transistors as in case of a four transistor
XOR, this is slightly bigger but still good with
accurate output values when compared with those
designs.

The silicon area required for the proposed
design done with CADENCE layout environment
is shown below.

Table 1: Comparative performance of
various type of XOR gate using 0.90 nm

technology

Sl Logic | Transi | Dela | Power

. Styles stor y Consu

N count | (ns) med

0. (nw)

1 PTL 4 76.1 298.
21 79

2 | CPL 6 24.8 469.
5 84

3 | DPL 4 26.5 10.7
59 66
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4 | GDI 4 26.6 460.

12 58

5 Domino 8 54.1 239.

1 33

6 | 4-T XOR 4 53.9 280.

15 69

7 Inverter 6 26.0 148.

based 98 39

8 | Proposed 5T |5 0.6 6.02
XOR gate

Table 2: Comparative performance of
various type of XOR gate using 0.18 um

B Transistor count

technology
No of Delay(
S.NO Logic Styles Transi Y
ns)
stor
1 Static: CMOS | 15 | (0725
logic
2 Domino Logic 8 0.0695
3 Inverter_based 6 0.0681
logic
Proposed 5T
4 XOR gate 5 0.0662
Delay (ns)
100 <
G —"I
. 38BBBEBRE _
N _ . . ) . W Delay ins)
EREOMICR
Qof.\ \{\ﬁ

Fig.14: Comparison of various CMOS XOR Gate logic versus Transistor count , delay and Avg. power
consumption in 90 nm technology .
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Figure 15: Comparison of various CMOS XOR Gate logic versus Transistor count, delay USING
0.18nm Technology having supply voltage.
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Future Work : gate is 5.
PERES GATE: It is a 3*3 reversible gate i.e., it has
three inputs and three outputs. The representation of A A
Peres gate is shown below. Quantum cost of this gate s TOFFOLI GATE s
is 4. C ABB C
- A
EE— PERES GATE ADE
I ABSR C
Figure 17: Toffoli gate.
BME GATE:

Figure 16: Peres gate.

It is a 4*4 reversible gate i.e., it has four inputs and
four outputs. The representation of BME gate is
shown below. The quantum cost of this gate is 6.
TOFFOLI GATE:It is a 3*3 reversible gate i.e., it

has three inputs and three outputs. The representation

of Toffile gate is shown below. Quantum cost of this

Peres gate is one of the popular gate and used in
many applications.
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Figure 18: BME gate.

In future the proposed 5 Transistor XOR gate can be
used in the reversible gate and by using this we can
design the Vedic Multiplier circuit using Reversible
logic gates.

5. Conclusion and Future Work

As explained with various other designs so

far, this paper has one of the best circuit for an XOR
gate and with all the simulations done in Cadence
TSMC 0.18um technology with voltage ranging from
a mere 0.6v to 3.6 volts. For all the values, the
proposed design proved to be good with more than
good results. The layout in fig. shows the minimum
area required by the proposed design, which is lesser
when compared with previous designs of XOR gates.

As an extension of this work, we are going to

implement the proposed design in a modified adder
(yet to be proposed), and compare its performance [12]
and size with existing adder architectures.
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