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Abstract

During the past times, mostly the MOSFET transistor had been used for the
design and implementation of the digital integrated circuits for the reason that they
were compact, they have the less power consumption and delay to the other
transistors. Among the MVL, Ternary Multiplier field because of less evaluated cost
of installation and the simple method for implementation of the electronic circuits
are considered more than the other ones. In this article, the multiplier circuits based
on MOSFET transistor as well, the CNTFET transistor by the use of Ternary
Multiplier field of Galois were designed and implemented by Hspice. We have
obtained the behavior of this power and delay of these circuits in different
temperatures and voltages by controlling the related threshold, and also we have
gained the deviation percentage of the average for these two parameters.

Keywords: Galois; Ternary Multiplier; CNTFET, MOSFET; Field Effect Transistors; Carbon
Nano-Tubes.

1. Introduction

During the past times, the Metal oxide silicon field effect transistors (MOSFET) had
been used for the design and implementation of the digital integrated circuits because
they are compact and also they have the less consumption power and delay to the other
transistors.

But after discovering the carbon nano-tubes by Ijima et al. [1], [2] and [3], several
studies have been done on these structures in the other sciences. Therefore, the Carbon
nanotube field-effect transistors is a special MOSFET which is very important and the
basis of diagram block of Integrated circuits. So, studying the Carbon nanotube field-
effect transistors and understanding and comprehending its behavior are two vital
subjects to technology and the future of electronics.

Single cover nano-tubes due to the electrical traits such as low consumption power,
high speed, the compact area with the smallest dimensions in the form of nano by the
unique configuration, multiple threshold recognition, least threshold of noise, etc. better
than the other nano-tubes [1], [2] and [3].

MVL circuits have lower power consumption, lower data transfer and also the simpler
operations than the binary logic circuits. Due to the features such as high speed in the
transfer of information, the decrease of operation, The MVL circuits use less number of
gates than the binary logic circuits. Thus using MVL will reduce the connections and
more information will be processed than a binary element.
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The threshold voltage of MOSFET was calculated based on a channel as the threshold
voltage for channel N and channel P is being obtained from the equation (1) and (2),
respectively. The threshold voltage of MOSFET has a general equation (3):
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Where 9,,, is the differential between work/labor function in the gate of silicon and
substrate; @,is the penetration between the form level and innate energy level in
substrate P under the oxide gate; ¢, is the load of empty layer; C,, is the capacity in the
oxide level and @, is the density of surface. For the simplicity of the work, the equation
(4) is used. V, will be set during the inserting the additional impurities in the area of
channel. When V,, as the threshold voltage isVgz = 0, ¥ (gamma) as the parameter of
threshold voltage will be defined by the following expression:

Vi =V +7(\/2¢f +Vgg —2¢¢) (4)
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If there is @, in the area of discharge or it is based on equation (6), so it is possible to
use equation (7) as the simplified equation for calculating the threshold voltage of
MOSFET.
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Single cover nano-tubes due to the electrical traits such as low consumption power,
high speed, the compact area with the smallest dimensions in the form of nano by the
unique configuration, multiple threshold recognition, least threshold of noise, etc. better
than the other nano-tubes [4], [5], [6], [7], [8], [9] and [10]. An equation (8) is the
general equation for calculating the diameter of nano-tube. So, we can write it as a
simple one: (9) [11]. "a" is the constant of grafit network which is about 0.249 nm. N1
and N2 are the positive integers which determine the chirality of the nano-tube
(inductive and semi-inductive). The threshold voltage of carbon nano-tubes field effect
transistors (CNTFET), which is accounted as the half of a band-gap, can be calculated
through equation 10. Parameter v, (~ 3.033eV) must be considered [12], [13] and [14].

a*3 N} + N3 + NN,
Deny = \/ - (8)
Deny =0.0783 % %/le +N?+N,N, ©)
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0.43

Denr (nm)

The performance and behavior of the power and delay of CNTFET in different
temperatures are near to each other. So, in order to study the relationships of deviation —
percentage, the average was used. The difference between each temperature and
different between each delay are being calculated by the average of power (equation 12)
and average of delay (equation 11), respectively:

ADeIayl:n = Delay;., - AverageDelay (11)

Apowerl:n = Tempy., — Averagep ey (12)

At the end, the obtained difference in each delay and difference will be multiplied in
100 and the final result will be divided into the average of delay (equation 13) or the
average of power (equation 14). The gained values are the deviation — percentage from
the average of delay and power which are shown in a table. These tables are presented
in section 4.

%BDelayI:n = (ADeIayl:n *100)/ AV@rageDe]ay (13)
%BPowerI:n = (APowerlzn *1 00) / Aver a8Cpower (14)

TH = (10)

2. Multiplication Circuits

In this paper, by the use of ternary -valued field of Galois, the multiplier circuits
based on MOSFET as well, the transistors of field effect of MOSFET-like CNTFET
[15], [16], [17], and [18] were designed and implemented. Over the past times, bi-
valued logic was used but these days, multi-valued logic (due to the features such as
high speed in the transfer of information, decrease of the number of gate, the decrease
of operation, etc.) is being used [19], [20].

These circuits were designed and implemented in the field of Galois were shown in
table 1. As was shown in figure (1-a), the Ternary Multiplier circuit in the field of
Galois which was designed based on the MOSFET transistor was presented in this
paper. And also the Ternary Multiplier circuit in the field of Galois which was designed
based on the CNTFET transistor was presented in figure (1-b) [20].

The designed circuits with silicon and carbon nano-tubes were implemented for
voltage 1 volt and two voltages of 1 and 0.9, respectively. Delay, power and the
percentage of deviation from the average of delay and power of these triple circuits
were considered in the temperatures of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100°C.

By controlling the threshold voltage of transistors of field effect in the multiplication
and addition circuits, a triple model was designed and implemented. In such designs,

resistances of 100K were used.
Table 1: accuracy of multiplication.

Multiplication 0 1

0

0
1 0 1
2 0
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Figure 1: a- implemented multiplication circuits with the MOSFET. b- implemented multiplication
circuits with the CNTFET [20].

3. Power of the Multiplication Circuits in the Field of Galois

The power consumed is one of the most important parameters in integrated circuits.
So, the power and percentage of deviation from the average of circuit power "MOSFET
circuit" was compared with CNTFET.

The related results of power were shown in figure 2. In this fig, Multiplication 1 and
Multiplication 2 show the multiplication circuit which was designed by CNTFET (with

132



Journal of Advances in Computer Research (Vol. 8, No. 1, February 2017) 129-142

voltage 0.9 and 1) and also Multiplication 3 is about the multiplication circuit of silicon
with the voltage of 1 volt. Based on these results, silicon circuits is less and better than
the CNT one.

3.50E-05

3.00E-05
2.50F-05

2.00E-05

1.50E-05

1.00E-05

5.00E-06
0.00E+00

10°C 20°C 30°C 50°C 70°C 90°C 100°C
W Multiplication 1 (1v)  2.28E-05 2.28E-05 2.27E-05 2.28E-05 2.27E-05 2.27E-05 2.28E-05 2.27E-05 2.27E-05 2.27E-05 2.27E-05
m Multiplication 2 (1¥)  3.01E-05 3.01E-05 3.01E-05 3.01E-05 3.01E-05 3.01E-05 3.01E-05 3.01E-05 3.01E-05 3.01E-05 3.01E-05
= Multiplication 3 (0.9V) 9.65E-06 9.74E-06 9.82E-06 9.89E-06 9.97E-06 1.01E-05 1.02E-05 1.02E-05 1.03E-05 1.04E-05 1.06E-05

Figure 2: power of the circuits of Multiplication 1, 2, 3 in voltages of 1 imd 0.9 volt for temperatures of
0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 C.

Based on the presented equations in the introduction section, percentage of deviation
from the average of powers for the multiplication circuits were shown as their results
were presented in figure 4. Based on these, the deviation-percentage of silicon circuit is
high. The average of deviation-percentage from the power of the circuits of
Multiplication 1, Multiplication 2 and Multiplication 3 are 0.0225, 0.0139 and 2.276%,

respectively.
4.5
a
25
3
2.5
2
1.5
1
n.s I I
o 0" 1n0°c 20°C an=c a4n°c 50°C B0 Torc QN 100°C
m Multiplication 1 {(1W) 0.0044 0.0292 0.0084 0.0488 0.0004 0.0092 00126 0.0004 0.0084 0.0692 0.0436
m Nasltiplicationmn 2 (1W) D0.0006  O.00065  O.0007 D0.OF57 0.0051 0.0522 0. D003 0.0009 0.001 00012 0.0012

= Multiplicatlon 3 (0.9V) 4.2681 3.7347 3.2792 2.8998 2.3449 1.6426 0.2011 0.0655 O.8740 1.8819 3.1418

Figure 3: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2, 3
in voltages of 1 and 0.9 volt for temperatures 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 C.

4. Delay of Multiplication Circuits in the Field of Galois

The delay is one of the most important parameters in integrated circuits. So, the power
and percentage of deviation from the average of circuit power "MOSFET circuit" was
compared with CNTFET.

The first delay in the temperature of 0'C was obtained. The results of delay were
shown in figure 4. Based on these, delay in Multiplication 1 and Multiplication 3 is less
but in Multiplication 2 is high. As mentioned before, this circuit is in the temperature of
1 volt. So, the least delay was occurred in voltage 1 for the circuit of MOSFET and
voltage 0.9 for the circuit of CNTFET.
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1.60E-09
1.40E-09
1.20E-09
1.00E-09
8.00E-10
6.00E-10
4.00E-10
2.00E-10

O.COE+00

delay1 delay2 delay3 delay4 delay5 delay6
— Multiplication 1 (1W) 1.99E-11 2.47E-11 3.46E-12 3.37E-11 6.33E-12 4.33E-12
Multiplication 2 (1) 9. 75E-10 2.26E-10 1.58E-10 1.42E-09 4.09E-11 2.02E-10
Multiplication 3 (0.9V) 4.11E-11 2.71E-11 3.13E-12 ©.65E-11 3.60E-12 3.38E-12

Figure 4: delay of the circuits of Multiplication 1, 2, 3 in voltages of 1 and 0.9 volt for temperature 0°C.

You see the results of deviation-percentage from the average of delay for temperature
0°C in the below table and figure. Percentage of calculated deviation for three circuits
means Multiplication 1, 2 and 3 is about 69.418, 91.921 and 86.042%, respectively. So,
in this temperature, Multiplication 1 has the least deviation.

200
180
160
140
120
10O
30
(sl
10
20
o
delay 1 delay2 delay3 delay4 delays delayvo
MMultiplication L {1W) 29,097 S0.3078 FF.5085 1i1s.848 S8.86004 FL.8BFYT7S
MMultiplication 2 {1W) 93.4237 55.1661 68.6931 182.3416 DI.BFF9 50.0282
Multiplication 3 {0.9W) FO.A3TE 12.279 87.044% 175. 4102 s85.0944 85.9878

Figure 5: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2, 3
in voltages of 1 and 0.9 volt for temperatures of 0 C.

In this case, figure 6 shows the results of simulation of the multiplication circuits for
temperature 10°C. Based on this figure 5 and figure 6, it can be concluded that the
silicon circuits has the highest delay. The delay average of this circuit was 1.6E-11. This
value for the other two circuits was 1.5E-11 and 1.4E-11, respectively.

1.20E-06
1.00E-0&
8.00E-07
&.00E-O7

4.00E-O7F

2. .00E-O7
O.00E+00O
delay 1 delay2 delay3 delay4 delay> delayo
MMultiplication 1 (1W) 1.89E-11 2.45E-11 3.32E-12 2.449E-11 2.72E-12 4.35E-12
MMultiplication 2 (1W) 4.11E-11 2. 71E-11 3.12E-12 6.51E-12 3.61E-12 3.38E-12

Multiplication 3 (0.9W) 9.61E-07 2. 29E-10 1.60E-10 1.50E-09 4.27E-11 2.04E-10

Figure 6: delay of the circuits of Multiplication 1 , 2, 3 in voltages of 1 and 0.9 volt for temperature
10 C.

By the use of formula for calculating the deviation-percentage from the averages (of
the previous figure), the deviation-percentage of delay average was obtained as its
results were presented in figure 7. In such case, circuit Multiplication 3 has the highest
temperature. The deviation-percentage from the delay average for these three circuits is
about 74.46, 94.16 and 166.22%.
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500
500
“B0O0O
300
200
' J L
o ml B N B
delay1 cdelay > delay3 delaya delays delaya
m pAulriplication 1 (1TW) 26.9463 5,002 FI.eT5T 131 .4432 TA. 96326 FTO.T527
m pultiplication 1 (1LW) 19D0.8773 291.6159 FF.9223 532.9641 TAL5127 Fe.0941
PMultiplication 2 (0.9V) A98.6663 99 8576 29.9 99 0625 99 9731 29 8728

Figure 7: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2, 3
in voltages of 1 and 0.9 volt for temperatures of 10°C.

The delay average for temperature 20 C based on figure 8 shows the least delay of
circuits of Multiplication 1 and 2 to the Multiplication 3. Based on the implemented
calculations for these three circuits, the delay average was about 1.6E-11, 2.4E-11, and
4.7E-10, respectively.

1.20E-09
1.00E-09
2.00E 10O
S.00E-10
4.00E-10

2. .00E-10

O.O0E+ OO

delaw 1 delay2 delayz delaya delays delays
Multiplication 1 (1W) 1. 89E-11 3.09E-11 3.65E-12 3.049E-11 7.97E-12 3.80E-12
———— Multiplication 1 (1W) A4.11E-11 2.71E-11 3.13E-12 6.65E-11 3.61E-12 3.37E-12

Multiplication 3 (0.9W) AO0O8E-O09 2.30E-10 1.68E-10 1.11E-09 4.11E-11 2.07E-10
Figure 8: delay of the circuits of Multiplication 1, 2, 3 in voltages of 1 and 0.9 volt for temperature
20°C.
The deviation-percentage from the delay average of these three circuits (within the
temperature of 20 C) is about 67.74, 86.05 and 87.69%. These results are based on

figure 9. The least deviation-percentage was allotted to Multiplication 1.

200

1820

1a0

1-Aa0

120

100

80

S0

40

20
o delay 1 delay2 delay3 delay4 delays delay6
m pultiplication 1 {1w) 18.5439 93. 7865 FF.OF7F 20.893 49.9952 Fe.1512
m pultiplication 1 {1Ww) FO.43549 12.2802 B7.0476 175.4213 B5.0057 86.0237
MMulliplicalion 3 {0.2Ww) 127.899 51.2839 4. 35601 135.1625 21.305 56.1164

Figure 9: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2, 3
in voltages of 1 and 0.9 volt for temperatures of 20°C.

The results of delay within temperature of 30'C were shown in figure 10. The delay
average of each circuit was about 1.54E-11, 2.15E-11 and 3.95E-11, respectively. The
least deviation-percentage was allotted to CNTFET.
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2.50E-07
2.00E-O7
1.50E-07
1.00E-O7
5.00E-08

0.00E+D0
delayl delay2 delay3 delay4 delay5 delay6

Multiplication 1 (1W) 1.99E-11 2.47E-11 3.42E-12 3.23E-11 7.97E-12 3.95E-12
Multiplication 1 (1W) 4.11E-11 2.71E-11 4.21E-12 5.10E-11 3.61E-12 1.75E-12
Multiplication 3 (0.9V) 1.11E-09 2.34E-07 1.67E-10 1.63E-02 4.51E-11 2.07E-10

Figure 10: delay of the circuits of Multiplication 10, 2, 3 in voltages of 1 and 0.9 volt for temperature
30 C.

The deviation-percentage from the delay average of these three circuits was calculated
based on these equations as its results were shown in figure 11. The deviation-
percentage from the delay average of these three circuits (within the temperature of
20°C) is about 66.704, 85.141 and 164.0005%. The most deviation-percentage was
allotted to MOSFET.

600
500
400
300
200
100

(e
delay 1 delay2 delay3 delay< delays delavye

Multiplication 1 {1W) 29.24481 S0.5103 T7.T226 110.35292 48.1361 FTA.2526
Multiplication 1 {1W) 21.6169 26.2295 80.417& 137.57F756 s83.1714 291.8328
Multiplication 3 {O.92%W) o7.1836 A92 0016 99 . 5781 95.8776 99.886 99 A7 63

Figure 11: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2,
3 in voltages of 1 and 0.9 volt for temperatures of 30°C.

The results of the delays of the implemented circuits within temperature of 40 C were
shown in figure 12. The delay average of each circuit was about 1.63E-11, 2.22E-11 and
5.76E-11, respectively. The least deviation-percentage was allotted to CNTFET.

1.80E-09
1.60E-09
1 40E-09
1.20E-09
1.00E-09
8.00E-10
6.00E-10
4.00E-10
2.00C-10

0.00E+00
delayl delay2 delay3 delay4 delay5 delayG

Multiplication 1 (1W) 1.89E-11 3.09E-11 4.33E-12 3.16E-11 F.O9TE-12 4.40E-12
Multiplication 2 (1WV) 4.41E-11 2.71E-11 4.21E-12 5.11E-11 3.61E-12 3.21E-12
Multiplication 3 (0.9V) 1.13E-09 2.35E-10 1.69E-10 1.67E-09 4.63E-11 2.08E-10

Figure 12: delay of the circuits of Multiplication {, 2, 3 in voltages of 1 and 0.9 volt for temperature
40 C.

The deviation-percentage is more than the delay average of MOSFET circuit which is
about 95.223%. The least deviation-percentage was allotted to Multiplication 1 which
was implemented with CNTFET within voltage 0.9. Its percentage average is about
65.957% but for Multiplication 2, it is about 83.468% (Figure 13).
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200
180
160
140
120
100

Jusias

o

delayl delay2 delay3 delay4 delays delaye
m Multiplication 1 (1WV) 15.521 88.8509 73.5121 93.49395 51.2702 73.0889
m Multiplication 2 (1V) 98.5701 21.9181 81.0867 129.9156 83.7453 85.5719
= Multiplication 2 {0.9V) 95.8115 59.1617 70.6562 189.2225 91.9512 62.289289

Figure 13: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2,
3 in voltages of 1 and 0.9 volt for temperatures of 40 C.

Within temperature of 50 C, the delay of circuits of Multiplication 1 and 2 to the
Multiplication 3 is so less. Their delay average is about 1.47E-11, 2.21E-11, and 5.88E-
10, respectively. These results are based on figure 14.

1.80C-02
1. GUE-D2
1. 40E-09
1.20E-09
1.00E-02

2.00E-10

6.00E-10
4.00E-10
2.00E 10
O0.00E+00
delayl delay2 delay3 delays delays delays
Multiplication 1 (1V) 1.99C-11 2.47C-11 3.39C0-12 3.03C-11 7.66C-12 2.37C-12
Multiplication 2 (1V) 2.85E 11 2.69E 11 2.40E 12 5.69E 11 2.61E 12 2.20E 12
e Multiplication 3 (0.9V) 1.17E-09 2.36E-10 1.71E-10 1.67E-02 6.53E-11 2.21E-10

Figure 14: delay of the circuits of Multiplication 10, 2, 3 in voltages of 1 and 0.9 volt for temperature
50 C.

Based on the calculations within temperature of 50°C as temperature of 40°C, the
deviation percentage from the delay average of MOSFET circuit is so high which is
about 94.080%. The least delay was allotted to Multiplication 1 which was implemented
with CNTFET within voltage 0.9. Its percentage average is about 69.579% but for
Multiplication 2, it is about 84.451% (Figure 15).

200
180
160

140

230
60
40
20

o

delayl delay2 delay2 delay4 delays delayc
m Multiplication 1 (1V) 35.0873 67.7524 76.9316 105.8968 47.91321 83.8928
= Multiplication 2 (1V) 74.0468 21.7735 84 6016 157.5312 83.6582 85.0918
= Multiplication 3 (0.9V) 98.258 59.9489 70.9149 183.9834 88.8992 62.4784

Figure 15: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2,
3 in voltages of 1 and 0.9 volt for temperatures of 50 C.

The results of delay within temperature of 60 C as temperature of 50 C for the circuits
of Multiplication 1 and Multiplication 2 to Multiplication 3 is so less. Based on figure
16, their delay average about 1.55E-11, 2.41E-11 and 6.10E-10, respectively.
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1.80E-09
1.60E-09
1.40E-09
1.20E-09
1.00E-09
8.00E-10
©.00E-10
4 .00E-10
2.00E-10

O.00E+00
delay1

1.99E-11
4. 11E-11
1.22E-09

Multiplication 1 (1Ww)
Multiplication 2 (1w)
Multiplication 3 (0.9V)

delay2 delay3 delay4 defayS delayée
2.47E-11 3.43E-12 3.33E-11 7.97E-12 3.64E-12
2.71E-11 3.13E-12 6.65E-11 3.61E-12 3.38E-12
2.36E-10 1.73E-10 1.70E-09 5.69E-11 2.20E-10

Figure 16: delay of the circuits of Multiplication 1, 2, 3 in voltages of 1 and 0.9 volt for temperature

60°C.

In according to the results of calculations and fulfilled implementation (Figure 17),
within temperature of 60°C as previous temperatures, the deviation percentage from the
delay average of MOSFET circuit is so high which is about 95.352%. The least delay
was allotted to Multiplication 1 (67.609%) as well; the delay of Multiplication 2 is

about 86.041%.

200
180
160
140
120
100
80
50
40
20
O

delayl
m Multiplication 1 (1%W) 28.3232
Multiplication 2 (1)

rultiplication 3 (0.9V)

F0OLA1 7S
102.7991

delay2 delay3 declaya delays delays

59.23473 Fr.e214a 115.1583 A48.5039 F76.4935
122684 |B7. 0427 175 . 4379 B 0668 260144
B60.8219 12337 1832 2569 20.5222 63.4672

Figure 17: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2,
3 in voltages of 1 and 0.9 volt for temperatures of 60 C.

Based on figure 18, delay within temperature of 70'C as previous temperatures, for
Multiplication 1 and Multiplication 2 was less (to the Multiplication 3). Based on figure
18, their delay average is about 1.54E-11, 2.181E-11 and 6.07E-10, respectively.

1.80E-02
1.60E-02
1.40E-09
1.20F-09
1.00E-09
2.00E-10
&.00E-10O
4.00E 10O
2.00E-10
O.00E+ OO

delay 1
1.89E-11 2. 46E-11 3.33E-12 3.46E-11 7.91E-12 2.94E-12
A4.11E-11 2.71E-11 4.21E-12 5.15E-11 3.61E-12 3.27E-12

MrMultiplication 1 (1W)
Multiplication 2 (1W)

delawy2 delavé delay4a élelavS delays

Multiplication 3 (0.9W) 1.24E-09 2.37E-10 1.90E-10 1.70E 029 S522E 11 2.16E-10

Figure 18: delay of the circuits of Multiplication 1, 2, 3 in voltages of 1 and 0.9 volt for temperature

70°C.

In according to the results of calculations and fulfilled implementation (Figure 19),
within temperature of 70 C, the deviation percentage from the delay average of

MOSFET circuit is so high (with

the average of deviation percentage: 95.121%).

Multiplication 1 with the percentage of 69.239% has the least delay; but for

multiplication 2, it equals 83.045%.
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200
180
160
140
120
100

280
60
40
20

(o]

delay1 delay2 delay3 delay4a delay5s delay6
= Multiplication 1 (1V) 22.9159 59.7704 78.3064 125.0322 48.5168 80.8952
m Multiplication 2 (1V) 88.7101 24.3087 80.7149 136.1158 83.4275 84.9923
= pultiplication 3 (0.9vw) 104.8869 60.9952 68.6712 180.4773 91.2947 54. 4031

Figure 19: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2,
3 in voltages of 1 and 0.9 volt for temperatures of 70°C.

Based on figure 20, delay within temperature of 80°C for Multiplication 1 and
Multiplication 2 was less (to the Multiplication 3). Based on figure 20, their delay
average is about 1.52E-11, 2.161E-11 and 6.13E-10, respectively.

Z.00E-O9

1.80E-09
1.560E-09
1.40E O9
1. 20E-09
1.00E-09
S8.00E-10
6.00E-10r
4 .00E-10¢
2. .00E-10¢

O.00E+ OO

delay 1 delay2 delay3 delaya delays delays
rMMultiplication 1 {1W) 1.89E-11 3.09E-11 3.65E-12 3.05E-11 3.72E-12 3. 70E-12
Multiplication 2 (1W) 4.11E-11 2.71E-11 4.21E-12 5.06E-11 3.61E-12 3.11E-12

Multiplication 3 (0.9W) 1.27E-09 2.35E-10 1.92E-12 1.88E-029 5.73E-11 2.29E-10

Figure 20: delay of the circuits of Multiplication 1, 2, 3 in voltages of 1 and 0.9 volt for temperature

80°C.

Based on figure 21, the deviation percentage from the delay average of Multiplication
3, in terms of the average of deviation percentage from the average of delay is about
104.854% and it is so high. Circuit Multiplication 1 with the average of 75.737% has
the least delay. But for multiplication 2, it equals 83.152%.

250

200

150

100
- h - - -

(a]
delay 1 delay2 delay3 delay-3 delays delayo
= pMultiplication 1 (1W) 24 10325 102.8682 Te.0112 100.22398 F5.5243 FE5. 6761
m pMultiplication 2 {1W) 90,2239 25.2119 80.545& 133.29209 B83.2928 85.0182
m Multiplication 3 (0.2W) 107.1566 61.6229 99. 6866 207 . 4047 DO. 62D D 62.6024

Figure 21: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2,
3 in voltages of 1 and 0.9 volt for temperatures of 80 C.

In according to the figure 22 and fulfilled implementation, the delay for Multiplication
1 and Multiplication 1 is less to Multiplication 3. Based on figure 22, the average of
their delay was 1.06E-11, 2.41E-11 and 6.58E-10, respectively.
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2.50E-09
2.00E-09
1.50E-09
1.00E-09
S5.00E-10

O.00E+QO A ——— —_— ————— A
delay 1 delay2 delay3 delawya delays delaya

MMultiplication 1 {1W) 1.89E-11 3.09E-11 4.34E-12 3.16E-11 7.97E-12 2.35E-12
Multiplication 2 (1W) 4.11E-11 2.71E-11 3.13E-12 6.65E-11 3.61E-12 3.38E-12

Multiplication 2 {(0.9W) 1_31E-09 2. 32E-10 1.80E-10 1. 95E-09 G6.08E-11 2.22E-10

Figure 22: delay of the circuits of Multiplication 1, 2, 3 in voltages of 1 and 0.9 volt for temperature
90°C.

Based on figure 23, deviation percentage from the delay average of Multiplication 3,
in terms of the deviation percentage from the average of delay is about 98.139% which
1s high. Multiplication 1 with the average of deviation percentage from the average of
delay "69.452%" has the least delay. But for multiplication 2, it equals 86.038%.

250

200
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100

- I I I l I
o =

delay 1 delay2 delay3 delay4 delavyvs delav6c
= Multiplication 1 {1W) 18.0657 93,0001 T2.8735 a7F.2e8a 50.1952 85.2865
MMultiplication 2 {1WV) F0.4281 12.2671 87.0465 175.4178 85.065 86.0015
MMultiplication 3 (0.9W) 98. 4073 64. 7536 2. 6699 1960080 220.7057 66.2269

Figure 23: Results for the deviation percent of the average power of the circuits of Multiplication 1,
2, 3 in voltages of 1 and 0.9 volt for temperatures of 90 C.

Temperature 100°C is the last case for implementing these three cases as based on the
results of the figure 24, delay for Multiplication 1 and Multiplication 2 is less to
Multiplication 3. The average of their delay is about 1.43E-11, 2.41E-11and 6.33E-10,
respectively.

2.00E-09
1.80E-09
1.60E-09
1.40E-09
1.20E-09
1.00E-09
S.00E-10
&.00E-10

4. 00E-10

2.00E-10
O OOE+00 R — e L —
delayl delay2 delay3 delayd delays delaya
. U tiplication 1 (1W) 1.89E-11 2.45E-11 Z.29E-12 3.28E-11 4.09E-12 2.28E-12
MMultiplication 2 {(1W) 4 11E-11 2. F1E-11 Z.13E-12 6. 65E-11 2.61E-12 2.38E-12

Multiplication 3 (0.9V) 1.28E-09 2.22E-10 1.81E-10 1. 72E-09 5.75E-11 2.29E-10

Figure 24: delay of the circuits of Multiplication 1, 2, 3 in voltages of 1 and 0.9 volt for temperature
100°C.

Based on the last implementation and the results of the figure 25, deviation percentage
from the delay average of Multiplication 3, in terms of the deviation percentage from
the average of delay is about 96.986% which is high. Multiplication 1 with the average
of deviation percentage from the average of delay "77.302%" has the least delay. But
for multiplication 2, it equals 86.039%.
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delay 1 delay2 delay3 delaya delays delay6e
= pultiplicaticon 1 (1AW) 31.7816c L2874 Te.3279 128.8368 FL.ABSS5C 84.0923
MrMultiplicaticn 2 (1W) T0O.4295 12.2694 87.0471 175.4175 85.0678 86.0015

PMultiplicaticn 3 (0.9V) 118.6899 64.7318 FT1.4536 A172.268 290.92149 563.8578

Figure 25: Results for the deviation percent of the average power of the circuits of Multiplication 1, 2,

3 in voltages of 1 and 0.9 volt for temperatures of 100°C.

5. Conclusion

As evident in the tables and graphs, the least power in the triple field of Galois
belongs to the multiplication circuit which was designed and implemented based
MOSFET. So, the deviation percentage from the average of the deviation percentage is
more than the average of the power of this circuit to them. But the CNTFET in the
voltage 0.9 volt showed the least delay and the average of deviation percentage from the
average of delay. Therefore, the performance of the power of MOSFET in the three-
valued field of Galois is better than the CNTFET.
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