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Abstract

In this paper, a Majority Not Function-based full
adder using (Carbon Nano Tube Field Effect
Transistor) CNTFET technology is presented. The
better performance of a full adder using CNTFET
technology in comparison with full adders using
CMOS technology can be shown in the simulation
results. Power, delay and power delay product (PDP)
are measured to prove this optimized performance.
The full adders are at 90nm CMOS process
technology and CNFET technology at a three-volt
supply source.
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1. Introduction

Scaling down the feature size towards nano scale
causes CMOS technology to become less affective.
Some problems can be emerged, such as decreased
gate control, short channel effects and high leakage
power consumption [1]. To solve these problems
of conventional CMOS technology, Quantum Dot
Cellular Automata, Single Electron Transistor and
Carbon Nano Tube Field Transistor are introduced as
nanotechnologies [2,3]. However, Carbon Nano Tube
Field Transistor could be a more superior alternative
than others, because CMOSs and CNTFETs are
similar to each other except the channel region
which is the intrinsic semiconducting Carbon Nano
Tube in CNTFET technology [4]. In this Nano Tubes,
transport is near ballistic [5].

The better properties of CNTFETs like low power and
high performance may make them interesting to be
used in the integrated circuits. One of the fundamental
blocks of integrated circuits is full adder [6]. Many
attendances have been done to optimize the full
adders [7-11]. In this paper, CNTFET technology is
applied to improve the performance of full adder by
using HSPICE at a three-volt supply source.

1.1 CNFETs
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Carbon Nano Tubes (CNTs) are hollow cylindrical
sheets of graphite [12]. The direction of Nano Tubes
is determinate by chirality vector that is determinate
by a pair of integers.This chirality vector is shown in
Figure 1. The Nano Tube diameter can be calculated
by this pair chirality vector with Equation (1) [13].

[ 2in24
DCNT = VA Zz el (1)
Where, ¥ is lattice constant which means carbon-
to-carbon bond distance, at approximately 2.49A

(Figure 1) [14].

Since the diameter of CNTs is proportional to band

Figure 1. A) Single nano tube. B) Graphite sheet and
chirality vector [14].

gap, the threshold voltage can be controlled by
adjusting the diameter of intrinsic CNTs, which is
given by Equation (2) [13].

E
= 2_g N 0.43 (2)
¢ DCNT

In this paper, the standard parameters of CNFETs
are applied such as a pair of integers(nl’n2)= (19,0)
and this chirality vector can be used for define the
diameter of CNTs which is calculated 1.487 nm by
using Equation (2), the threshold voltage is 0.293
V. The full adder is optimized based on MOSFET-
like CNFET; therefore the term of CNFET instead of
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MOSFET-like CNFET is applied. The schematic of
CNFET is shown in Figure 2 [15].

1.2 Previous works

Several CMOS logic styles have been applied to
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Figure 2. Diagram of a carbon nanotube transistor [15].

implement a full adder block [16-19]. Some of these
logic styles are selected for comparison in this paper,
which is shown in Figure 3 [20]. All these circuits are
full adders which have different intermediate nodes,
number of transistors and critical paths. These
different features are made for various applications
in which needs one parameter of an output full adder,
such as area, delay and power consumption. Some
of full adders apply one or more than one style in
their structures. In the following passage, some
points about various full adders are presented.

The complementary CMOS full adder (C-CMOS)
with 28 transistors is shown in Figure 3(a) [21]. This
full adder has pull-up and pull-down transistors. All
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Figure 3a. The conventional CMOS full adder (CCMOS)
[21].

inputs are connected to the gates of transistors;
therefore, the input capacitances of static CMOSs
are considerable. Two buffers are used in the output
nodes to drive the weakest drive.

Another style is used for full adders is 10-transistors
full adder in Figure 3(b) [20]. This full adder designed
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Figure 3b. The 10- transistor full adder (10T) [20].

based on hybrid logic style [22]. It has the small
transistor account, but it does not have full swing.
One of disadvantages of this full adder is the lack of
driving capabilities in fan-out situation. The cascaded
of 10-transistors full adders cannot drive very well.
The A® B is generated in this full adder and then
this signal is used to generate the output signals.

The third full adder is Hybrid. Hybrid has 26
transistors, which works based on XOR/XNOR gates
and inverters and complementary CMOS style [23].
The output signals of this full adder are full swing.
This Hybrid full adder is shown in Figure 3(c).
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Figure 3c. Hybrid full adder.

The full adder using Majority Not Function with linear
input capacitors and CMOS inverters is shown in
Figure 3(d) [20]. There are many reasons that this full
adder has low power consumption. First, a reduction
in the number of transistors can help low switched
capacitance. Second, having just two transistors from
power supply to the ground is resulted from using
robust CMOS inverters. Lastly, short circuit current is
eliminated at low voltage v,, <v,, +[v,| [21]
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Figure 3d. Full adder using majority not function [20].

This full adder using Maijority Not Function is able
to work at low power supply, but consumes high
area and has capacitance effects on three input
signals because there are three input capacitors
connected to input signal nodes. To illustration a
Maijority function based full adder which has been
designed, each input is connected to two capacitors
which reduce the reliability of a full adder because of
charge sharing in these two capacitors [24]. In the
previous design of Majority Not Function [24], there
is one vote for each capacitor in each input full adder.
Therefore, two capacitors in input signals are derived by
C,.. - These two capacitors can be replaced by one
capacitor which has two votes. When one capacitor
has two votes, which means it has 2 times higher
capacitance value.

This fulladder which is shown in Figure 3(d) consumes
less area in comparison with other majority based full
adders because of less capacitors applied. Another
advantage is that each input capacitor is connected
to one input signal, which increases the reliability
of full adder. Also, this full adder can drive highly
efficiency.

1.3 Proposed full adder

This maijority-based full adder was simulated using
CNTFET technology. The output parameters of this
full adder are compared to this full adder using CMOS
technology. Each capacitor is only one chance in
Majority Not Function-based full adder to drive 0°C
which derives two capacitors which can be replaced
by a capacitor having two chances (Figure 4).

1.4 Simulation

The results of simulation by using HSPICE a three-
volt supply source, 0.45 V, 0.5 V and 0.55 V are
presented. The results of simulations show the best
parameters for Majority Not Function full adder using
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Figure 4. Majority not function full adder using CNTFET
technology.

CNTFET technology. The threshold of NMOS is 0.22
V and the threshold voltages of PMOS are 0.31 V
at 90 nm CMOS technology. The input and output
signals of Majority Not Function full adder using
CNTFET technology at 0.5 V supply voltage are
shown in Figure 5.
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Figure 5. Input and output signals of majority not function
full adder using CNTFET technology.

The simulation results are shown in Table 1. Four full
adders, C-CMOS, 10 Transistors, Hybrid and Majority
Not Function based full adder using 90 nm CMOS
and Majority Not Function based full adder using
CNTFET technology at 0.45V, 0.5V and 0.55 V. The
new Majority Not Function full adder using CNTFET
technology consumes 90.5%, 82.5%, 98.5% and
72% less power consumption than C-CMOS,
10Transistors, Hybrid and Majority Not Function full
adder using CMOS at 0.5 V. The delay of full adder is
also improved slightly by using CNTFET technology.

The driving capability of full adder in different load
capacitors is one of the important features, which
can be tested by load capacitors from 2 ff to 10 ff
connected to two output nodes. Then, the delay
of various full adders is measured at 0.5 voltage
power supply and 20 MegHz input frequency. These
comparisons are shown in Figure 6.

The Figure 6 shows that the lowest delay is for
Maijority Not Function full adder based on CNTFET
technology. The immunity of accurate performance
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Figure 6. Various delays of full adders in different load capacitors.

Table 1. The result simulations of pervious full adders at 90 nm CMOS and majority not function full adder using CNTFET

technology.

vdd

Delay (n sec)

Proposed Majority not function full adder using CNTFET
Majority not function full adder using cmos

28 Transistors

10 Transistors

Hybrid

Power (nW)

Proposed Majority not function full adder using CNTFET
Majority- not function full adder using CMOS

28 Transistors

10 Transistors

Hybrid

PDP(J*10-8)

Proposed Majority not function full adder using CNTFET
Majority not function full adder using CMOS

28 Transistors

10 Transistors

Hybrid

of full adders at different temperatures should be
considered. Therefore, all full adder based on
CMOS and Majority Not Function full adder based
on CNTFET technology are simulated at various
temperature from 0°C to 80°C. This simulation is
shown in Figure 7.

As can be observed, the only Majority Not Function
full adder based on CNTFET technology can tolerate
the higher temperature than 25°C which is room
temperature. The CMOS based full adders cannot
operate at 30°C, while Majority Not Function full
adder based on CNFET technology can operate
until 80°C. The littlest delay is related to Majority Not
Function full adder based on CNTFET technology
from 0°C to 80°C.

0.45v 0.5v 0.55v
1.3542 1.1302 0.8108
2.00 1.36 1.05
2.04 1.14 .986
1.52 1.221 .935
2.56 1.54 919
1.8650 2.5110 3.5876
6.84 9.08 12.3
20.8 26.6 33.1
11.5 14.4 17.8
86.4 173 337
2.52557 2.8395 2.9727
41 12.3 14
42.4 30.4 22.7
15.1 11.8 95
221 266 310

2. Conclusion

A new Majority Not Function full adder using CNTFET
technology is presented at a three-volt supply source,
0.45V, 0.5V and 0.55 V. This new full adder using
CNTFET works in low voltage with high performance.
The better performance of new design full adder is
proved in comparison with other pervious full adders
in different load capacitors and temperatures. The
evaluations of full adder performance are done
based on Power consumption, delay and PDP
parameters. This Majority Not Function full adder has
not only less short circuit current because of dynamic
structure, but also CNTFET transistors which make
better performance.
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Figure 7. PDP of different full adders at various temperatures.
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