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Abstract - This paper investigates the performance characteristic of CNTFET for different digital circuits to analyze 
CNTFET’s potential to replace current transistor technology which is based on CMOS. The circuits that are designed and 
simulated for the analysis are Half Adder, Half Subtractor and 4-to-2 bit Simple Encoder. 32nm CNTFET HSPICE model 
are being used for simulation of the circuits and whole process is repeated for 32nm CMOS HSPICE model, where CMOS 
model is considered as the reference for comparison due to the fact that, it is the on hand technology. The primary parameter 
used for comparison is Power-Delay Product. Values obtained from both the model of CMOS and CNTFET are compared to 
determine whether CNTFET has the required potential to become the future of transistor industry. This work is mainly a 
quantitative analysis where, the obtained result shows how capable CNTFET can be, as it show signs of excellent Power-
Delay Product(PDP) characteristics when weighed against CMOS technology. 
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I.  INTRODUCTION  
 
Transistors have played a key role in the 
advancement of technology over the years. It 
certainly is one of the most important inventions of 
twentieth century. The most eye catching feature that 
made transistor such a fundamental thing till date is 
its ability to decrease in size while increase in speed 
with years passing. This is nicely defined by Moore’s 
law [1] which simply forecasted that transistor’s size 
will get smaller while its speed will improve 
exponentially with time. So far, the law still holds as 
advancement in technology made sure the upgrade of 
transistors keeps up with the demand. Even though it 
is still possible to stick to Moore’s prediction but it 
seems like it might get increasingly difficult to 
maintain this progress in coming years, mainly due to 
the physical and economic barriers. The physical 
barrier mostly refers to the problems that occur while 
scaling down the transistors.  
 
The scaling down of transistors, more specifically 
MOSFETs (Metal Oxide Semiconductor Field Effect 
Transistor), is mandatory requirement to make it 
work faster as well as minimize the size itself. 
Meanwhile, going through this scaling down process 
leads to complexity like inability to endure quantum-
mechanical tunneling of carriers due to the reduced 
thickness of the insulation. This generally leads to 
short circuit resulting in direct current flow from 
drain to body, drain to source and unwanted current 
may even breach through the thin gate oxide that is 
used to isolate the gate from the channel. Such short 
circuit scenario hampers the precious transistor 
characteristics and makes it worthless. Insulation is a 
key aspect of transistor principle as it plays the role of 
electronically isolating various parts of a transistor. 

Shrinking down of transistors always has an adverse 
effect on insulation and this had been one big issue if 
CMOS technology has to hold on to the successful 
trend it enjoyed over the past decades. Another big 
problem that may arise in terms of physical means is 
doping issue. Doping has to maintain a suitable 
percentage and it is always difficult to maintain such 
precision in doping process if the number of atoms 
involved gets very small. Relatively smaller number 
of atoms increases the sensitivity and it becomes very 
difficult to supply exact or appropriate fraction of 
atoms.  The potential hurdle with CMOS [2] 
technology does not end with these physical 
problems, the economic problems too seems 
alarming.  
 
The fabrication process is getting complex day by day 
and the cost curve for producing and maintaining 
fabrication lines are hitting a stiff positive gradient. 
The reason is pretty simple as costs are bound to go 
up due the more sophisticated system required to 
cope with the ever increasing complexity of 
fabrication process. CNTFET [3] seems to have some 
good news as it promises to provide feasible solution 
to these problems. It can be scaled down to a great 
level without having such problems and also 
promises to portray good performance characteristics 
when compared to CMOS. This makes it a great 
prospect to become the future substitute of CMOS. 
 
II. DESIGNING OF DIGITAL CIRCUITS 
 
Table I demonstrates the truth table and Figure 1 
shows the transistor level diagram of 4-to-2 bit 
Simple Encoder. Simple encoder is a combinational 
circuit. An encoder converts decimal to a code like 
BCD or binary bits. This process of conversion is 
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called encoding. The relationship between input and 
output can be written as n=2m, where n is number of 
inputs and m is number of outputs. If an encoder has 
4 input lines and each line has 2 bits and only one line 
is activated at a given time then encoder will create 
an output of 2 lines of 2 bits. It is called 4 to 2 
encoder. 

 
 

TABLE 1:TRUTH TABLE OF 4-TO-2 SIMPLE ENCODER 

D3 D2 D1 D0 Y1 Y0 

1 0 0 0 0 0 
0 1 0 0 0 1 
0 0 1 0 1 0 
0 0 0 1 1 1 

 

 
Figure 1:4-to-2 bit Simple Encoder(Transistor Level Diagram via DSCH 3.5) 

 
Table II demonstrates the truth table and Figure 2 shows the transistor level diagram of Half Adder. Half adder is 
a digital circuit having two inputs and two outputs. It accepts two binary digit as inputs and gives two binary 
digits on the output side (a Sum and a Carry out bit) 
 

TABLE 2: TRUTH TABLE FOR HALF ADDER 
A B Sum Carry 

out 
0 0 0 0 
0 1 1 0 
1 0 1 0 
1 1 0 1 
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Figure 2:Half Adder (Transistor Level Diagram via DSCH 3.5) 

 
Table III demonstrates the truth table and Figure 3 shows the transistor level diagram of Half Subtractor. Half 
Subtractor is a combinational circuit which is able to perform two binary bit subtraction. It has two inputs, A 
(minuend) and B (subtrahend) and has two outputs, Difference and  Borrow. 

TABLE 3: TRUTH TABLE FOR HALF SUBTRACTOR 

A B Difference Borrow 
0 0 0 0 
0 1 1 1 
1 0 1 0 
1 1 0 0 

 
Figure  3:Half Subtractor(Transistor Level Diagram via DSCH 3.5) 
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III. SIMULATION RESULTS AND OUTPUT WAVEFORMS 
 

Figure 4 portrays the output voltage and power consumption graph of 4-to-2 bit Simple Encoder generated from 
the simulation of previously designed circuit. The simulation is carried out in HSPICE using 32 nm channel 
length CMOS HSPICE Model [4]. 

 
Figure  4:Voltage and Power Consumption graph of 4-to-2 bit Simple Encoder(CMOS) 

Figure 5 portrays the output voltage and power consumption graph of 4-to-2 bit Simple Encoder generated from 
the simulation of previously designed circuit. The simulation is carried out in HSPICE using 32 nm channel 
length CNTFET HSPICE Model [5]. 

 
Figure  5:Voltage and Power Consumption graph of 4-to-2 bit SimpleEncoder (CNTFET) 
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Figure 6 portrays the output voltage and power consumption graph of Half Adder generated from the simulation 
of previously designed circuit. The simulation is carried out in HSPICE using 32 nm channel length CMOS 
HSPICE Model. 

 
Figure  6: Voltage and Power Consumption graph of  Half Adder(CMOS) 

Figure 7 portrays the output voltage and power consumption graph of Half Adder generated from the simulation 
of previously designed circuit. The simulation is carried out in HSPICE using 32 nm channel length CNTFET 
HSPICE Model. 

 
Figure  7:Voltage and Power Consumption graph of Half Adder (CNTFET) 
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Figure 8 portrays the output voltage and power consumption graph of Half Subtractor generated from the 
simulation of previously designed circuit. The simulation is carried out in HSPICE using 32 nm channel length 
CMOS HSPICE Model. 

 
Figure  8: Voltage and Power Consumption graph of Half Subtractor (CMOS) 

Figure 9 portrays the output voltage and power consumption graph of Half Subtractor generated from the 
simulation of previously designed circuit. The simulation is carried out in HSPICE using 32 nm channel length 
CNTFET HSPICE Model. 

 
Figure  9: Voltage and Power Consumption graph of Half Subtractor (CNTFET) 
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IV. RESULT AND ANALYSIS 
 
Simulation tool used for carrying out all the 
simulation is HSPICE 2008.03. Models (HSPICE) 
used for both CMOS and CNTFET are of 32nm 
channel length. The parameters selected for this 
quantitative analysis are power consumption and time 
delay. These two parameters are eventually combined 
to derive the main parameter which is power-delay 
product. 0.9V is used as the input voltage for 
simulation of all the circuits. 

 
TABLE IV.OVERALL RESULT COMPARISON FOR 32NM 

CNTFET AND 32NM CMOS MODEL 
 
Table IV demonstrates all the data of power 
consumption, time-delay and power–delay product 
obtained from simulation of all the circuits. Table IV 
proves that CNTFET exhibits better performance 
compared to CMOS for the quantitative investigation 
carried out. The voltage applied in each case was 
maintained at 0.9V and the main parameter 
considered is the power-delay product. Values 
obtained for CNTFET based circuits clearly showed 
better outcome in most of the cases producing up to 
105 times better result as in the case of Power-Delay 
product result of Half Subtractor circuit. In addition, 
CNTFET can be driven with even lower voltage 
without affecting the performance, which in effect 
will reduce the power consumption by a further 
degree eventually resulting in even better power-
delay product characteristics. 
 
LIMITATIONS AND FUTURE SCOPE 
 
Albeit this quantitative analysis gives us an indication 
about some great performance features of CNTFET 
and establishes the theoretical or hypothetical concept 
into distinctive quantitative figures, it still has got 

some shortcomings to prove its worth. There are 
many other factors that need to be taken into account 
before a conclusion can be drawn. One key factor is, 
all the simulations were carried out using room 
temperature only, where it gave us idea about its 
performance in ideal conditions only. Practically 
though, there will be a lot of variations in temperature 
and this may result in a different display of properties 
from the transistor and we may have an alteration in 
terms of performance too. Another probable scope for 
further development of this analysis is, the 
performance of these circuits needs to be checked out 
for models of different channel length. Due to the 
lack of availability of simulation models, these 
parameters cannot be taken into account for this 
analysis. 
 
CONCLUSION 
 
The main objective of this quantitative analysis was to 
check the prospect of CNTFET about how well it can 
serve as a probable contender for the future of 
transistor industry. Results obtained for the parameters 
such as time delay, power consumption, and power-
delay product, all gave some useful quantitative 
results to establish the theoretical concept. The 
simulated results obtained for both CMOS and 
CNTFET for all the digital circuits suggest some good 
features about CNTFET in terms of performance for 
the parameters set. It performed better than CMOS, 
which is the current technology and hence, it can be 
concluded CNTFET does have the potential to 
become the future alternative to CMOS in future. 
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