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ABSTRACT: - Carbon nanoparticles were grown in polyethylene between two copper
electrodes by arc discharge method and Schottky contacts were created at both ends. Then
we modelled MSM structure by thermionic emission theory and the temperature dependence
explaned by the barrier in homogeneities. Experimental measurements are obtained in
different temperatures and with smoke exposure. We have shown that our prototype device is
extremely sensitive to temperature change so that its application in medicine, fire alarm
systems and other fields is recommended.
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1. INTRODUCTION

Different methods for synthesis of Carbon nanoparticle-polymer Nano composites,
have been investigated in the several papers[1]. Literatures indicate the remarkable electrical,
mechanical and thermal properties of carbon based materials. Recently carbon nanoparticles
(CNPs) such as Carbon nanotubes (CNTs) have been regarded for their potential in
nanoelectronics, sensors, detectors, and other applications [2]. On the other hand
semiconductor electronic with two electrode contacts is introduced as a metal-
semiconductor-metal (MSM) structure so that the operation and performance of these devices
are related to their contacts. Additionally in the literature Schottky contacts of MSM system
are named by back-to-back Schottky diodes [3, 4].

In this work we use Carbon based metal-semiconductor-metal system to study of its
temperature dependence. Similar composites of carbon nanoparticles can be seen in some
literatures [5]. We use warm baths and cigarette smoke to investigate of thermal properties of
MSM system. Studies show that electrical characteristic of our prototype device change in
both case measurements.

2. FABRICATION AND CHARACTERISTICS

Arc discharge is the oldest technique to produce CNTSs in bulk which was first used
by lijima in 1991 [6]. Also this method was developed in polyethylene glycol solution as
liquid media by graphite electrodes [7]. In the presented work the arc discharge method with
two Copper electrodes in the melting high density polyethylene (HDPE) is used as shown in
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Fig. 1. Additionally high voltage generator is connected to Copper electrodes which are
mounted in melting PE.

After growth process, I-V measurements are obtained by a BHP-2064 electrochemical
analysis system [8] using two-probe method. In this technique two probes, one as Counting
and Reference probe and another as a Working probe, are employed for 1-V characteristic
measurements. The measured |-V curve is presented in Fig. 2.

It is important to mention that I-V measurements were carried out by linear sweep
voltammetry (LSV) method.

3. MODEL

In this case, the MSM system is modelled by two Schottky barriers back-to-back in
series with a resistor R, resulting from the CNPs/PE composite as shown in Fig. 3.
We know that a metal-semiconductor device is described as a diode. While Ohmic contacts
have a linear current-voltage (I-V) characteristic and Schottky contacts vice versa.
Additionally in the literature Schottky contacts of MSM system are named by back-to-back
Schottky diodes [3]. One of the current conduction mechanism is thermionic emission [9] and
it is always associated with a potential barrier. Using the thermionic emission theory, the
current at the specific temperature T for barriers 1 and 2 are written as [9]:
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Where 1, ,=AAT? exp( %) , A" is the Richardson constant, A is the area of

B
contact cross section, @, and &, are the Schottky barrier heights (Fig. 3), q is electron

elementary charge and kg is the Boltzmann constant. According to the current continuous
theory the total current | across the devise is obtained by I=l1=l>=Ir and setting up
V=V1+V2+VR. So the I-V relationship of MSM system with two Schottky contacts is given

by:
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Where, R is the resistance of bulk MWCNTS/PE composite between two identical Cu
electrodes. It is important to mention that in the analytical modelling the exp(-gRI/ksT) term
is employed by approximation form while the first order of total current I is kept. Also by the
voltage dependence of barrier heights which are given by [3]:

1
Dy, =Dy +V1(H_1) (4a)

1
CDBZ =(DBO2 +V2(H_1) (4b)

Where @, and &, are values of the barrier in an ideal Schottky junction and V1

and V» are applied voltage on barriers 1 and 2, respectively. As shown in Fig. 4 there is a
good agreement between measurement and modelling results.

4. RESULTS AND DISCUSSION

The temperature effect on electrical behaviour, such as I-V characteristic curve, has
been studied. As a result an intense variation in 1-V characteristic for different temperatures is
shown in Fig. 5, where the temperature difference is 10 K.
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This behavior of MSM device can be described by temperature dependence of ideal Schottky
barrier height. For the temperature dependence of barrier height, inhomogeneities are
assumed to model the interface of Schottky diode by Gaussian distribution. Therefore, it is
convenient to assume the existence of a Gaussian distribution of the barrier heights with
mean @,,, and standard deviation o, over the contact area. So we can write this distribution

in the form of [10]:

1 (P, — Py, )
P(d — exp (-1 —BoL BO1 5
(Pgo,) 0_0\/% p( 2602 ) (5)
Where 1 is the normalizing constant. As a result we obtained for barrier height by
0,\2n
[10-12]:
2
— (0}
@y = (Pppz) = Py - 1% (6)

2k, T
Where @, is mean value of barrier height and o, is standard deviation of distribution.

Also we set to equal for barriers in both contacts. It is important to mention that if the current
direction is exchange then the reverse bias V> would be replaced with the forward bias V1 and
so a symmetrical 1-V curve is obtained by two identical metals. Additionally another
approach for analysis of MSM system has been improved in ref. [4] that the presented voltage
distribution along the MSM system confirmed the our plan in selection of constant reverse
voltage and biggest contribution of applied voltage V. For example the reverse bias voltage
V> in Fig. 4 is obtained by 1.482 Volts.

We are obtained I-V curve in two temperatures (300 K and 310 K) by applying this
equation in modelling of I-V-T measurements as shown in Fig. 6. It can be seen that -V
curves in Fig. 5 and Fig. 6 are similar in two temperatures obtained by experimental and
modelling results. It is important to mention that the curves are also reversible, meaning that
by removing the heating source, they will go back to pre-contact condition. Also changes in
electrical properties because of the human expiration temperature are obtained
experimentally. Subsequently the electrical properties by applying smoke of cigarette on
carbon nanoparticles were explored. In addition Fig. 7 indicates the effect of smoke on our
sensor. This result shown that devise can be used as fire alarm in the buildings and etc.

5. CONCLUSIONS

|-V characteristics of the back to back Schottky diodes over two temperatures can be
explained on the basis of a thermionic emission mechanism by assuming the presence of
Gaussian distributions of barrier heights having a mean 0.2 V and standard deviation of 0.051
V. With a few temperature differences (10 K), the large the difference has seen in I-V curves
which it shown that the sensibility of CNPs/PE based temperature sensor is high. As a results
carbon nanoparticles in polyethylene based sensor, in comparison with silicon-germanium
based devices, shows advantages such as reduced production costs, high speed and high
sensitivity. So Carbon nanoparticle-polymer based temperature sensor can be a suitable
alternative for common temperature sensors.
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Figure (2): 1-V characteristic curve obtained by BPH system.
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Figure (3): a) Energy band diagram of Back-to-Back Schottky diodes with a resistor and b)
proposed circuit for use to modelling.
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Figure (4): 1-V characteristics curve obtained from model and measurement.
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Figure (5):1-V characteristics curve obtained in different temperatures.
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Figure (7): I-V characteristic curve with smoke and without smoke.
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