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Abstract

In this article, we modelled and simulated Carbon Nanotube Field Effect Transistors
(CNTFET); this transistor has a carbon nanotube channel. An Artificial Neural Networks,
(ANN) model was developed to reproduce accurately the behavior of CNTFET Mt
its response for a wide range of temperature and voltage with fo @the

i

CUsi
experimental data. The neural model is tested and validated; hence the ANN'm s able
to predict the CNTFET behavior with good accuracy. Finally\the propgée model is
integrated as a component in the library of simulatio\ re of electronic

components. \/
Keywords: Carbon Nanotube Field Effect Tra@rs (CN , modeling, thermal
effect, Artificial Neural Networks (ANN), PSP@Analog %vioral Modeling (ABM)
. \

1. Introduction \O @
A
The MOSFETSs (Metal Oxide & ductor@Eﬁect Transistor) components had
ists

large applications over the la e. Dueéo the effects of short channel during the

process of miniaturization; weré to seek different models for the field-
effect transistor, so that these shall b\ﬁé&free from these drawbacks. Among these
models, we may mentior@ Carbon tube (CNT) model. The field-effect transistor,
having the active re S carbmanotube has better performance than the ordinary

MOSFET [1]. \

The shor b@e effects e" MOSFET, appearing during miniaturization, are
reduced or eak Jn Carbon Nanotube of Field Effect transistor (CNTFETS).
Thus, we cdnsgo furth&he miniaturization of the device, so that the density of the
integrated circuit ca% reased [2].

A CNTFET is that has, instead of silicon as a channel material in the traditional
structure of th@ET, a single or set of CNTs. The CNT has a significant importance

in applications ofelectronic components; its faculties make it as a promising material [3].
Its nano ral size has many interesting and often unexpected faculties, therefore

there nty of opportunities for their use in nanotechnology.
\/@ve considered in this paper, particularly for the Conventional CNTFET denoted
TFET, with highly doped source and drain contacts; these devices show better
pewformances in terms of current report "on-off" and sub threshold slope [4-5]. Figure 1
shows a 2D representation of C-CNTFET which the conduction behavior is similar to an
ordinary MOSFET one [6].
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Figure 1. 2D Representation of C- CNTFET

The carbon nanotube requires a large investment before it can reach the desirable
quality for the production of components. Prior to such an investment, it is necessary to
address an extensive_study on electronic properties of the material. In order to c@nsider,
the effect of temperature on the 1-V characteristics of CNTFET, we propose I
model of CNTFET using neural network approach.

The main objective of this study is to model a C-CNTFET by means of twork;

this model predicts the I-V characteristics of CNTFET for_different t es, based
on results got by [3]; the ANN model is implemente comporiefit #h a PSPICE

electric simulator library, this component reproduce y the ET behavior.

2. Artificial Neural Networks (ANN)

The artificial neural network is a mearm%lculatib@ attempts to simulate the
0

structure and functionality of the biologi uron s [7-8].1t is a powerful data

modelling tool, which can capture a fa{xsen @ relationships of input / output

through some internal calculations 1% ost co% model of the neural network is the

Multilayer Perceptron (M LPQ@OW in%
*

N\

urez.
H Neuron

@ Hidden Layver
@ Figure 2. MLP Structure

bas a weight parameter corresponding thereto; each neuron is composed of a
and an activation function.
rchitecture of the network consists of an input layer (X), an output layer (Y) and
r more hidden layers (H). MLP is a model that maps a set of input data on an
appropriate set of outputs; a simplified overview of the proposed ANN model is shown in
Figure 3.
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Figure 3. Simplified Overview of ANN Model

Equation 1 shows the algorithm generally used to compute the output of an artificial
neuron. The output of each neuron f depends on the activation value that i\?e’
weighted sum of the inputs [10], where w; is the weight-related input x; an is 'the
activation function.

fFOO=(X(x; * wy)) (1)

The MLP are trained with the standard back-prop @n gori |ch compares
the output provided with the aimed output, wherei an sq are is calculated. If
the mean square error is more than a prescrlbed th value\ ckward propagated
ntibthe error, or number of

of the output to the input, and the weight will sgil be change
iterations is in a prescribed limit.

Training a network is a process wheﬂ\ adjus }ameters weights and biases,
are optimized to make the best predlctl the t able on the basis of background

the measure of relative erro presse percentage and defined by the following
relationship [11], where I,,,..q 1S the p drain current based on ANN, I¢y, shows
the experimental current.@

*

REO/ red 2
0 \ > )
The Mi@ative E@( RE) is given by [12], where N is the number of data

(database s
MRE:% IRE I 3)

MLP networks are trained with the standard back-propagation algorithm by attempting
to minimige he error.

@FET Modeling using Neural Networks
utput of the network is the drain current I, the training data consists of the set of

entatlve points got from the experimental measurements [13] is show in Figure 4.

variables. \ m
To compare the results of t @) ed A el with experimental results, we use
h(E& e
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output characteristic

drain cumrent IDS (pA)
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Figure 4. Experimental Output characteristic I35 According to Vg f

Different Vi and Temperature T values [13] ?N
After choosing the type of network, we shall have to fin§ ap opt| cture of
neural network (the number of hidden layers, the number rons in ayer and the

activation function for each layer).

Learning and optimization of previous networ Wgh a structured
program in MATLAB, Figure 5 shows the flowch he step

Display « Performance
not reached »

Display « Performance
reached »

@@ | Calculate AN parame't:rs |"—

Figure 5. Flowchart Training and Optimization

%e optimized network parameters for modeling the C-CNTFET are summarized in
Table 3.

152 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.10 (2016)

Table 3. Optimized Parameters of the Neural Networks Model

Training base 380
Database Test base 190
Validation base 190
Input layer 3
Number of Neurons 1% hidden layer 5
2" hidden layer 4
Output layer 1
1t hidden layer Logsig
Transfer function 2" hidden layer Logsig
Output layer linear
T( OC) Vds (V Vgs (V)
Input )
M 500k 0.9 0.8
ax .
M 250k 0 0.4 \/
in - ?\
Ids (#A) r
Output Max \ 38 /
Min \\*.7 v
Test MSE 6. 5 «
Training MSE N 07 \/

the corm factor (CF= 0.997)
d) and \@'espondmg targets (Iexp:

According to Figure 6, there is a good accurac
between the ANN outputs (Iprea: Pr
experimental). .

] @
% \Q\ e ﬂ
7w QQ > -
£ \<\\ ]

((\(b

Figure b\%mparlson of the Experimental Data and Predicted (ANN) Results
for Training Data

Predicted ANN values (nA)

7 shows the output current I, of CNTFET depending on the voltages Vv, and

different temperatures (250K and 500K). The gate and the drain voltages are chosen
so that we may make a comparison between the experimental results published in [13]
and our simulations.
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Figure 7. Output Characteristics of ANN Model and Expe% ata

The Simulations show consistency and relativeli g@o patifaility, “particularly for

high gate voltages (V). In addition to that our ne @ odel the'gotential to predict
the behavior of CNTFET when it is subjected to n onditions; no need to resort to

experimental; the values of Vgs must be j e inte‘rqugsmm,vgsmax] which is
illustrated in the Table 1 (Vg5 = 0.65 volts @ v voIts)\

2% N

renttemperature (ANN Model)

9 i i i 1 i i 1 Volt
4 045 05 055 06 065 07 075 08
vgs

Figl@bﬂansfer Characteristic of ANN Model for Different Temperature
O and Different Vg,
%ure 8 shows the transfer characteristics of the C-CNTFET ANN model for various
values of voltage V45 and temperature. We observed that the transfer characteristic of
ANN model for different temperature and different V¢ has a nearly linear shape.
3.1. Implementation of the Model ANN on PSPICE

To validate our proposed neural model, we implemented it in the library of the PSPICE
simulator. The results got from of the optimal architecture of the ANN, like bias and
weight, are used for the implementation of a model that will be used as a component in
the library of PSPICE.
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The use of ABM (Analog Behavioral Modeling) boxes from the PSPICE library helps
to implant the ANN model in this simulator. Figure 9 shows the ABM architecture, our
model has 13 ABM boxes, each neuron ANN is replaced by an ABM box that
characterizes this neuron.

S 1 . ABM [~
—
G —1 1 —
= D> o] L
ABM

— N IH ABM

ABM

L 4

ABM

—Q
Figure 9. ABM Architecture of the Establis@iodel %PICE
In Order to got the 1, output characteristics ac@ oV w@(haracteristic) for
different values of v, voltage and temperature, th ICE st allowed us to draw
the following curves; we just need to apply th@propria;e %es of Vg, Vg and T to our
circuit inputs Figure 10. . O N\

N\
@ Q¥

W

|

S

h\

D)

ere 10@aﬁon Circuit of the Transistor CNTFETs

By a DC-SW lysis, for temperatures T = 250K and T = 500K, while varying
the v, voltag O%olt to 1 volt with a step of 0.1 volt, and for V,, which takes the
values 0.4 vplt, 0% volt and 0.8 volt, we get the curves plotted in Figure 11. It is observed
that the@ od harmony between the result got through the experimental and that got

thro% PSPICE simulator.

il
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Figure 11. Current-Voltage Characteristics (I45, Vqs ) from the ANN- P&W’

Model (T=500K, T=250K) v

1A)
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Figure 12. Transfer %rac eri mf(\,s Vgs) with ANN-Pspice Simulations

By analogy witl fi st mad get the characteristic of the transfer, and by a DC-

=)250 K and T = 500 K, while varying the V, voltage
from 0.4 voli=tg j s ranging from 0.2 volts to 0.8 volts, with a step of 0.2
volt, we de es fllotied in Figures 12-a and 12-b.
In order t5=temonst(atd i
and simulation of a % cillator and a nano-inverter circuit; the latter is regarded as the
most importan@g in the design of VLSI (Very Large Scale Integration) digital
circuits.
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I

Figure 13. Neural Model of the Inverter Circuit

The input and output signals of our inverter based on the proposed neural mogel are,
represented in the Figures1l4 where V4, = 5 Volt and T = 250 K, it can be rem t
the operation of the inversion has been well performed.
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Figure 14. R %se of@ler T =250K
3.3. PSPICE Input and Outp& Rlng Oscillator ANN Model
The ring osculator mverters in series. The inverter is formed by a
neural block, as s in |gure The output of the last inverter feeds the input of the
first inverter; th S the\@n o oscillate, as shown with PSPICE simulation in
Figure 15.
V P B LT
;‘ 1 I | - o A P
° E IS I

@ Figure 15.The Ring Oscillator by CNTFET ANN Model
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Figure 16.The Response of the Ring Oscillator Based ANN CNTFET Model

Figure 16 show the output signal of the ring oscillator based on the neural model, we
observed a well-functioning of the proposed ring oscillator.

4, Conclusion ?y

In this paper we modeled the CNTFET using artificial peural net , e neural
afthful% ehavior of

*

model is tested and validated, and this model repro
CNTFETSs taking into consideration the effect of tempe

In addition, the ANN model is able to predict vior of C T in previously
unknown circumstances. x

The results (optimal architecture, bias, weights of the network) were then
exploited in the implementation of the mo s'a com in the PSPICE simulator

The simulations carried out in PS ased, ANN model were presented as

inverter and oscillator rings. S\\

<.
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