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Abstract

Full adder and NAND are the most important parts
of digital circuits. Therefore, optimizing the these
blocks improves the whole output parameters of
digital circuits. In this paper controversial full adder
and NAND are designed in CNFET technology and
then different parameters of CNFET technology
are changed to optimize the speed and power
consumption of full adder and NAND. The results of
simulation by using HSPICE in .9v are presented.
The result of simulation shows the best parameters
for better performance of these full adder and NAND
in CNFET technology.

Keywords: Controversial full adder; CNFET; Power
consumption; NAND; Chirality vector.

1. Introduction

Delay problem of designed circuits in CMOS
technology is very obvious because of intermediate
capacitors in integrated circuits. So, the performance
of the whole circuits decreases. The reason why
capacitor decreases the speed of whole circuit is
that the shortage ability of driving current gates
driving capacitor charge. This problem of Silicon
transistors can be solved by CNFET new technology.
CNFET is rolled graphic sheet which is directed in
specific vector called chirality vector. This vector
is determinate by pair(n,»,). CNFET is one of the
molecular transistor in which many fundamental
silicon transistor restrictions are avoided and electron
has ballistic or close ballistic transport in channel of
CNFET [1,2].

In this paper, two fundamental blocks, full adder
and NAND, are simulated in CNFET technology by
standard parameters and then by changing these
parameters, the best performance can be obtained.

1.1 CNFET

In Carbon nanotube field effect transistors, there
are nanotubes, which are instead of channel in the
structure of CMOS technology. There are two kinds
of CNFET transistors: MOSFET-like CNFET and
Schottky Barrier CNFET. In source and drain of
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MOSFET-like, doped carbon nanotubes are used
the intrinsic semiconducting carbon nanotubes are
implemented in channel region [3,4].

One of the advantages of CNFET is that it threshold
voltage can be determinate by using suitable
diameter. This relationship between the diameter on
CNT and the threshold voltage of the CNFET can be
expressed by below equation (1) [5].

v, = 42 g (1)

CNT
The diameter of CNT can be achieved by pair (n, n,)
which are parameters of Chirality vector and lattice,
that is carbon atom distance. The diameter can be
calculated by below equation (2) [5].

2 2
as/n” +n,” +nn,
Dy = (2)

T

In this paper, MOSFET-like CNFET, and to simplify
CNFET is used instead of MOSFET-like.

1.2 Full adder

One of the important blocks in digital circuits is full
adder. Therefore, optimizing full adder can help
optimizing the whole performance of digital circuits.
Full adder can be implemented by equation (1).

sum= A® B®C, (1)
C, =AB+C,(A®B)
1.3 NAND

One of basic circuit is 2-input NAND in digital circuit.
The pull-down network is complementary. That is
to say, when pull-down is ON, the pull-up network
is OFF. When pull-up is ON, the pull down circuit is
OFF [6]. This circuit in CNFET technology is shown
in Figure 1.

1.4 Pervious full adder work

Many full adder blocks are designed in CMOS
technology. One of them is 24 transistors [7].
Bridge full adder with 26 transistors is symmetric
[8]. 24 transistors have less power consumption
in comparison with 26 transistors, because 24
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transistors have fewer transistors than 26 transistors.
But delay of 24 transistors is more than that of 26
transistors, because of the structure of 24 transistors.
Another full adder structure is CPL with 18 transistors
[9]. In this circuit, NMOS pass transistors are used.
Then another CPL called DPL full adder is designed
by extra transistors, with 24 transistors [10]. The
problem of CPL is that amplitude of input current
cannot be seen in the amplitude of output current.
DPL is designed by extra PMOS transistors, so the
problem of CPL full adder is not in DPL full adder. Two
structures based on XOR/XNOR are HYBRID and
NCELL. HYBRID full adder has 26 transistors, which
is very high speed and less delay, but the power
increases because of extra 4 transistors [11,12].
NCELL has 14 transistors, but the output signal does
not have full swing. The last full adder designed is
N10T. Because it has minimum number of transistors,
it has the best performance and consumption area
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[13]. The limitation of CMOS transistors can be
solved by CNFET. Different full adders are designed
in CNFET technology [14-18]. In this paper, full adder
is designed in CNFET technology. 24 transistors full
adder circuit Figure 2 [19].

1.5 Simulation

In this section, 24 transistor full adder and NAND are
simulated in a compact model of CNFET presented
in [2,20]. All simulation is done by Synopsys HSPICE
2008 simulator tool at room temperature.

The first circuit simulated is full adder [19]. The
input and output signals are shown in Figure 3. The
simulation is done in .9 voltage power supply and 80
MegHz frequencies.

This full adder is simulated by standard parameters of
CNFET[19]. Inthis paper, by changing the parameters
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Figure 1. NAND circuit with input and output signals.
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Figure 2. 24 transistors full adder circuit.

ISSN 1860-3122

- 105 -



cJBio

Electronic Journal of Biology. 2015, Vol.11(3): 104-109

2z 800m
% 600m
g‘ 400m A
= 200m
o
T T T T T T T S T ™ T T T
0 &n 10n 15n 20n 25n 30n 35n aln 45n 50n
Time §in) (TIME)
f e i —_ —_——— ———————— ————
- 800m 1 '
= goom 1 B !
8 400m ] !
k-4 1 H
= 200m 1 i
L] 1. —— |
—— T T —r—— T T T T T
o 10n 1% 20n 25n 30n 3 ain A% 50n
Time §in) (TIME)
. 800m
=
3 Cin
=
= 200m
o
o = 10n 150 20n 250 30n 35 atn s 50n
Time @in) (TIME)
Figure 3a. Input signals of full adder [19].
>4 3|
200m
E :
. S Sum
S‘ 400m
2
200m
0
T T — T T T T T T T T T T T T T T T T T T T T T T T T
-2n 0 n én fn Bn 10n 12n 1dn 16n 18n 20n 2n Zdn 26n 3n 32n Jdn 36n 3n 40n 42n &dn &6n 48n 50n 5
Tima (i) (TIME)
4
800m
= R ‘
i il Cout
= 400m
z
200m
0 | | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-n 0 n dn fn an 1in 1 dn 16n 18n 20n 22n 28n a0n a2n 3dn 36n 3n 40n &2n ddn 46n 4bn 50n 52r

Figure 3b. Output signals of full adder [19].

of CNFET, the best performance of full adder is
achieved. As the most fundamental parameters for
full adder are delay, power consumption and power-
delay product (PDP), the performance of full adder
is evaluated by these parameters. The first changed
parameter is the number of Nano tubes. The standard
number of tube is three. The delay, rise time and fall
time, power consumption and PDP are calculated by
increasing the number of tubes, this number of tubes
is the same in N-CNFET and P-CNFET (Figures 4
and 5).
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Figure 4. The power consumption of 24 transistors full
adder in different number of tubes.
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Figure 5. The delay of 24 transistors full adder in different
number of tubes.

As can be observed in Figure 4 and 5, when the
numbers of tubes are in 24 transistor full adder is four,
delay and power consumption can be minimized.

Two Figures 4 and 5 show changes of output signals,
when the number of tubes in N-CNFET and P-CNFET
are the same. But in the following simulation, the
number of tubes in P-CNFET and N-CNFET is not
the same. This ratio number is increased to find the
best performance of full adder. As Figure 6 reveals
that three is the best ratio number of all the number of
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P-CNFET tubes to the number of all N-CNFET tubes.
The power consumption for different ratio number of
tubes is shown in Figure 6.

In Figures 6 and 7 the results of changing the ratio
number of P-CNFET tubes to N-CNFET tubes are
shown. The standard situation is when the number
of tubes in P-CNFET and N-CNFET is three, but
the best performance of full adder is when the
ratio number is three. That is to say, the number of
tubes for P-CNFET is 9 and the number of tubes for
N-CNFET is 3.
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Figure 6. The power consumption of full adder in different
the ratio number of P-CNFET tubes to the number of
N-CNFET tubes.
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Figure 7. The delay of full adder in different the ratio
number of P-CNFET tubes to the number of N-CNFET

tubes.

The full adder has different performance in different
chirality vectors. Pair (n,, n,). determines chirality
vector. In the standard chirality vector is (19,0), the
best performance can be achieved by changing #,,
from 19 to 8. In all situations, #, is set zero. Power
consumption and delay of these simulations are
shown Figures 8 and 9.
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Figure 8. Power in various first parameter of chirality

vector, ™t with 2 = 0,
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Figure 9. Delay in various first parameter of chirality
vector, n, with n,= 0.

In the two chirality vectors, when chirality vectors
are (15,0) and (13,0), the power consumptions are
very high, at approximately 7.09E watt, so | try to
eliminate from the Figure 8. The power consumption
is decreased by decreasing the first chirality vector,
n, but there is not any order in changing the delay.
The best performance of full adder is in (12,0)
chirality vector. By determining the chirality vector,
the diameter of tubes can be calculated.

The second circuit simulated is NAND in CNFET
technology. The first changed parameter is the
number of nano tubes. The delay, rise time and
fall time, power consumption are calculated by
increasing the number of tubes, this number of tubes
is the same in N-CNFET and P-CNFET (Figures 10
and 11).
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Figure 10. The power consumption of NAND in different
number of tubes.
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Figure 11. The delay of NAND in different number of
tubes.

As can be observed, increasing the number of tubes
in NAND circuit does not have any positive effects on
power consumption and delay, so the best number of
tubes in NAND is three. In the following simulation,
the number of tubes in P-CNFET and N-CNFET is not
the same. The ratio number of two P-CNFET tubes to
the number of two N-CNFET tubes is increased to find
the best performance of NAND (Figures 12 and 13).
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Figure 12. The power consumption of NAND in different
the ratio number of P-CNFET tubes to the number of
N-CNFET tubes.
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Figure 13. The delay of NAND in different the ratio
number of P-CNFET tubes to the number of N-CNFET

tubes.

In Figure 12, the power consumption increases by
increasing the number of tubes, but the delay line
has the minimum, when the ratio is three. That is to
say, the number of tubes in P-CNFET is 9 and the
number of tubes in N-CNFET is 3.

In the following stage, the 2-input NAND gate is
simulated by changing the =, first parameters of pair
chirality vector, (n, n,) (Figures 14 and 15).
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Figure 14. Power of NAND in various first parameter of
chirality vector, n, with n,= 0.
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Figure 15. Delay in various first parameter of chirality
vector, n, with n,= 0.

As can be observed in Figure 14, the one power is not
show, because it is very high, at approximately 1.62E-
02 watt and it shown that the power consumption of
NAND decreases by decreasing the first parameter
of chirality vector. In Figure 15, the delay of NAND
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indicated by changing the first parameter of chirality
vector,(n, n,). The delay of (7,0) chirality vector is not
shown, because it is very high in comparison with
other delays. The best chirality vector for NAND is
(12,0), because in this chirality vector, multiplication
of power and delay has the minimum value.

2. Conclusion

In the CNFET technology, the performance of
fundamental circuits such as full adder and NAND is
better than CMOS technology, because the ballistic
behavior of electron in nanotube carbon in channel.
Another advantage of the CNFET is by changing the
parameters of CNFET, the performance of circuit can
be optimized. In the full adder, if the number of tubes
for all CNFET in full adder is 4, the best performance
can be achieved. By increasing the number of tubes
in P-CNFET in comparison with the number of tubes
in N-CNFET, the best performance of full adder can
be obtained. The best ratio number of tubes is 4.
Also, the full adder performance can be improved
by changing the chirality vector. In (12,0) chirality
vector the better result can be obtained. By doing all
this simulation for NAND circuit, the performance of
NAND is not affected by the number of tubes, when
this number is the same in N-CNFET and P-CNFET.
So the standard number of tubes can be the best
choice, 3. The best performance can be obtained,
when the ratio number of P-CNFET tubes to the
number of N-CNFET tubes is 4. By changing the
chirality vector, the best direction is (12,0) chirality
vector in NAND.
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