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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 othe
transistors. 

But after discovering the carbon nano
studies have been done on these structures in the other sciences. Therefore, the Carbon 
nanotube field
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 n
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 

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 operati
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):  

2 . (2 )
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o o
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Where �� 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; �� is the capacity in the 
oxide level and �� is the density of surface. For the simplicity of the work, the equation 
(4) is used. �� will be set during the inserting the additional impurities in the area of 
channel. When �� as the threshold voltage is �� , γ (gamma) as the parameter of 
threshold voltage will be defined by the following expression:  

' ( 2 2 )t t f SB fV V Vγ φ φ= + + −  (4) 

1 2 A
ox

q N
C

γ ε=  (5) 

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. 

1 4 | |dep si f SUB
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φ ε φ=  (6) 

2 dep
t ms f

ox
V

C
φ

φ φ= + +  (7) 

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 �  must be considered [12], [13] and [14]. 

2 22
1 2 1 2*

CNT
a N N N N

D
π

+ +
=  (8) 

2 22
1 2 1 20.0783CNTD N N N N= × + +  (9) 



 

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

131 

0.43
( )TH

CNT
V V

D nm
=  (10) 

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:  

1: 1:Delay n n DelayA Delay Average= −  (11) 

1: 1:Power n n PowerA Temp Average= −  (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. 

1: 1:% ( *100) /Delay n Delay n DelayB A Average=  (13) 

1: 1:% ( *100) /Power n Power n PowerB A Average=  (14) 

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. 
2 1 0 Multiplication 

0 0 0 0 

2 1 0 1 

1 2 0 2 
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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 
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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
more than the average of the power of this circuit to them. But the
voltage 
average of delay
valued field of Galois is better than the CNTFET. 
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