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Abstract A systematic study has been made on the
behavior of Al/n-CdS thin film junction on flexible
polymer substrate (polyethylene terephthalate, PET)
grown using thermal evaporation method. Temperature
dependence of I –V measurements for this junction has
been done which closely follow the equations of Schottky
barrier junction dominated by thermionic emission
mechanism. Intrinsic and contact properties such as barrier
height, ideality factor and series resistance have been
calculated from I –V characteristics. The barrier height of
Al/n-CdS junction is found to increase with increase in
temperature whereas ideality factor and series resistance
decrease with increase in temperature.

Keywords polymer substrate, Al/n-CdS thin film, ther-
mal evaporation method, Schottky barrier junction

1 Introduction

The electrical and optical properties of the II-VI compound
semiconductors have been the subject of a variety of
investigations over the past 30 years and have resulted in a
number of device applications. In particular, evaporated
CdS film has been used as ultrasonic transducers, photo
resistors, luminescent layers and heterojunction diodes [1–
3]. As a result, numerous structural, electrical and optical
studies of thin films have been made in view of improving
the performance of the devices or finding a new area of
application.
CdS thin films can be prepared by different techniques

[4–11] such as thermal evaporation, close spaced sublima-
tion, metal organic chemical vapor deposition (MOCVD),
molecular-beam epitaxy (MBE), chemical bath deposition
(CBD), chemical spray pyrolysis (CSP), electrodeposition

and sputtering. Among these methods, thermal evaporation
is one of the suitable methods for depositing large area thin
film for solar cell application [12]. The development of
CdS films on flexible substrates is gaining interest due to
the light weight and damage free nature of the devices.
Light weight CdS solar cells on flexible polymer substrates
are very attractive for space applications [13].
CdS/metal Schottky junctions on light weight flexible

polymer substrates may prove to be a very attractive
approach for electrical application due to the above said
properties. Thus, efforts have been made to study the
properties of the interfaces through the measurements of
I –V characteristics in Au-CdS junction by Chavez et al.
[12] and by Patel et al. [14]. Also, electrical studies have
been made by Gupta et al. [15] for Cu-CdS and Zn-CdS
Schottky junctions by determining various junction
parameters. Electrical and photovoltaic characteristics of
Al/n-CdS Schottky junction have been made by Farag
et al. [16]. However, very little effort has been made to
study the temperature dependent junction parameters of
Al/CdS Schottky junction.
In this present work, an attempt has been made to study

the I –V characteristics of Al/n-CdS thin film junction
grown by thermal evaporation method on flexible polymer
substrate (polyethylene terephthalate, PET). I –V charac-
teristics of this junction have been carried out in a
temperature range of 300 to 350 K using Keithley
electrometer. An effort has also been made to see the
effect of temperature on junction parameter such as barrier
height, ideality factor, saturation current and series
resistance.

2 Experimental details

2.1 Thin film junction preparation

CdS thin film of area 2.25 cm2 has been grown on PET
substrate using evaporation of CdS powder (99.999% pure,
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from Alfa Aesar) in a residual pressure of 10–5 Torr.
Cleaned PET film of thickness 20 μm (from Good Fellow
Cambridge Limited, England) has been used as substrate
while molybdenum is used as boat source. The thickness of
CdS film has been measured by Quartz crystal thickness
monitor (Model CTM 200) and is found to be of the order
of 330 nm.
After the deposition of CdS film over PET substrate, an

aluminum film of area 0.5625 cm2 is deposited over the
CdS film just by breaking the vacuum in the chamber and
then again restoring it to 10–5 Torr for the deposition of
aluminum film. The thickness of Al-film deposited over
the CdS film is found to be 120 nm. Indium electrodes have
been fabricated over CdS and aluminum films to have good
electrical contacts as shown in Fig. 1.

2.2 Characterization study

A structural study of CdS-PET film was done using X-ray
diffraction pattern performed with Philips X’pert X-ray
diffractometer at a scanning rate of 3° per minute between
10° to 60°. The source used throughout this study was Cu
Kα (l = 1.5406�10–10 m) operated at 40 mA and 45 kV.
Scanning electron microscopy (SEM) of PET and CdS-
PET films was performed using FEI Quanta 200 F
equipment for determination of surface morphology of
the coated layer. The PET sample was gold-sputtered prior
to measurements.

2.3 Electrical study

I –V characteristics of Al/n-CdS Schottky junction were
carried out by Keithley Electrometer/High Resistance
meter 6517 A at the temperatures of 300, 310, 320, 330,
340 and 350 K. The electrical contacts were made on
indium electrodes. The Keithley electrometer has an in
built capacity of output independent voltage source of
�1000 V. The voltage was applied across the sample to
measure the current through the sample.

3 Results and discussion

3.1 Structural analysis

An X-ray diffraction (XRD) pattern provides valuable
information about the structure of a sample. Figure 2
shows the X-ray diffraction patterns of PET and CdS-PET
films.

Figure 2 shows the semicrystalline nature of PET film
[17]. The XRD pattern of CdS-PET film also shows a peak
of CdS material. It reveals that CdS has a hexagonal
structure with primitive lattice having a cell parameter of a
= 4.136�10–10 m, c = 6.713�10–10 m and preferred (103)
orientation of micro crystallites. The grain size of the
crystallites (G) has been estimated using the following
relation [18]:

G ¼ kl

βcos�
, (1)

where k is shape factor (it is the ratio of major to minor
dimension of a particle which varies between 0.9 and 1.0
depending on the shape of the particle), l is the wavelength
of X-ray used, θ is the Bragg’s angle and β is the full width
at half maximum (FWHM) of the peak. The average grain
size of CdS particle is found to be 17 nm.
Figures 3(a) and 3(b) show the SEM images of PET and

CdS-PET films. The CdS-PET film shows a continuous
globular structure on the surface while the PET film
presents a planner sheet structure. SEM images show the
diffusion of the coating material into the base film, which
can affect the electrical properties of the film.

3.2 Electrical analysis

I –V characteristics of Al/n-CdS junction show the
rectification behavior which indicates the formation of
Schottky contact between Al and CdS film. I –V
characteristic of this Schottky junction at room temperature
(300 K) is shown in Fig. 4.

Fig. 1 Schematic diagram of Al/n-CdS junction

Fig. 2 XRD patterns of PET and CdS-PET film
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lnI –V characteristic of Al/n-CdS Schottky junction at
various temperatures for forward and reverse bias in the
range 300–350 K are shown in Figs. 5(a) and 5(b),
respectively. Theoretically, the current transport through
Schottky barrier junction under a forward bias ‘V’ in
thermionic emission is given by the relation [19] below:

I ¼ Is exp
eV

nkBT

� �
– 1

� �
, (2)

Is ¼ A*T2exp –
eΦb

kBT

� �
, (3)

where e is the charge on electron, V is the applied voltage,

n is the diode ideality factor, kB is the Boltzmann constant,
T is the temperature, Φb is the effective barrier height, A

* =
12 A$cm–2$K–2 is the effective Richardson constant and Is
is the reverse saturation current.
The ideality factor, n can be obtained from Eq. (4) as

given here

n ¼ e

kBT

dV

dðlnIÞ: (4)

To determine the ideality factor, n of the junction a curve
between lnI versus voltage has been plotted for different
temperatures (Fig. 6) in the range of 0.0–0.3 V. The slope
of the curves is calculated in the region 0.08 V to 0.22 V,
which further helps in the determination of n at different
temperatures. The reverse saturation current (Is) was
obtained by extrapolating the straight line portion (in
reverse bias) of I –V curve to V = 0.
Using the value of Is, the apparent barrier height can be

computed using the relationship:

Φb ¼
kBT

e
ln
A*T2

Is
, (5)

ln
Is
T2 ¼ lnA* –

eΦb

kBT
: (6)

To identify the dominant current transport through the
junction, lnIs has been plotted as a function of inverse
temperature (Richardson plot) and is shown in Fig. 7. The
variation has been found to be linear in the entire range.
This indicates that thermionic emission is the dominant
mechanism of charge transport. The barrier height (Φb) and
Richardson constant (A*) have been calculated from the
slope and the intercept of the Richardson plot. The

Fig. 3 SEM images of (a) PET and (b) CdS-PET films

Fig. 4 I –V characteristic of Al/n-CdS Schottky junction at room
temperature
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obtained value of A* is 0.076 � 10–8 A$cm–2$K–2, which is
much lower than the theoretical value of A*= 12 A
$cm–2$K–2 for n-CdS. The A* value obtained from the
temperature dependence of the I –V characteristics may be
affected by lateral inhomogeneity of the barrier [20]. The
value of Φb obtained from Fig. 7 is 0.112 eV. The value of
Φb has also been obtained from Eq. (5) using theoretical
value of A* at different temperatures and is given in
Table 1.
The dependence of barrier height (calculated from

theoretical value of A*) and ideality factor on temperature
is shown in Fig. 8. It has been observed that the value of
ideality factor decreases from 1.54 to 1.32 with increase in
temperature from 300 to 350 K. On the other hand, barrier
height increases with increase in temperature, i.e., its value
increases from 0.74 to 0.85 on increasing temperature from
300 to 350 K. The experimental values of barrier height are
in good agreement with the values reported by Farag et al.
[16] for Al/n-CdS Schottky junction.
The ideality factor of the junctions studied in the present

work is found to be greater than unity. An ideality factor
greater than unity is generally attributed to the presence of
a bias-dependent Schottky barrier height. The barrier
height varies with applied voltage because conduction
electrons experience a force from their image charges in
the metal. This force attracts the electrons toward the metal
surface, effectively lowering the barrier and allowing
voltage dependent deviations. Tunneling, generation-
recombination and interface impurities are possible factors,
which could lead to a higher ideality factor [21].
The dependence of Schottky barrier height (SBH) on

temperature can be understood by the lateral SBH
inhomogeneities model as proposed by Tung [22–24],
Werner and Güttler [25]. This model (parallel conduction
model) explains well the dependence of SBH and ideality
factor on temperature by considering the SBH inhomo-
geneities at the metal-semiconductor (MS) interface in
nanometer length scales. Since current transport across the

Fig. 5 I –V characteristic of Al/n-CdS Schottky junction at
various temperatures for (a) forward and (b) reverse bias

Fig. 6 lnI versus voltage curve for Al/n-CdS junction for
different temperatures

Fig. 7 Richardson plot of Al/n-CdS Schottky junction
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metal/semiconductor interface is a temperature activated
process, at low temperatures electrons are able to surmount
the lower barriers and therefore the current transport will
be dominated by current flowing through the patches of
lower SBH and a larger ideality factor is obtained [26,27].
As the temperature increases, more and more electrons
have sufficient energy to surmount the higher barrier and
hence conduction increases with decreasing ideality factor.
A Gaussian distribution of the barrier heights based on
thermionic emission mechanism has been widely accepted
and utilized to explain the nature of this temperature
dependence by some studies [28,29].
For a thermally activated phenomenon, Is is expressed as

Is ¼ Isoexp –
Ea

kT

� �
, (7)

where Ea is the thermal activation energy of the process. If
the current transport is due to diffusion, n is equal to 1 and
the activation energy is equal to the band gap of the
semiconductor [30]. But in the present study, the activation
energy calculated by Fig. 9 is 0.13 eV which is much lower
than the CdS band gap (2.42 eV) suggesting that the
thermionic emission mechanism may be the dominant
mechanism for current transport in this range as indicated
by the observed linearity in lnI –V plots (Fig. 5) [21].
The series resistance (Rs) can be determined

independently from the I versus V plot in the high forward
bias region. Figure 10 shows the series resistance values
calculated from forward I –V characteristics as a function
of temperature. The Rs values vary exponentially with
temperature and the value decreases from 130 to 40Ω in
the temperature range 300 to 350 K. The decrease of Rs

with increasing temperature is attributed to the factors

Table 1 Values of various Al/n-CdS junction parameter

temperature/K n Is/A Φb/eV Rs/Ω

300 1.54 4.14 � 10–7 0.74 130

310 1.49 4.71 � 10–7 0.76 100

320 1.45 5.44 � 10–7 0.78 70

330 1.40 6.22 � 10–7 0.80 50

340 1.36 7.23 � 10–7 0.83 40

350 1.32 8.45 � 10–7 0.85 33

Fig. 8 Barrier height and ideality factor of Al/n-CdS junction for
different temperatures Fig. 9 lnIs versus 1/T curve for Al/n-CdS junction (slope is –Ea/k)

Fig. 10 Variation of series resistance of Al/n-CdS junction with
temperature

Sandhya GUPTA et al. Investigation of Al Schottky junction on n-type CdS film deposited on polymer substrate 325



responsible for the increase of n. The change in junction
parameters of Al/n-CdS Schottky junction with tempera-
ture is shown in Table 1.

4 Conclusions

A systematic study on the effect of temperature on the I –V
characteristics of the Al/n-CdS Schottky junction leads to
the following conclusions: a) the dominant conduction
mechanism in the forward bias region seems to be
thermionic emission; b) the barrier height and saturation
current of Al/n-CdS junction increase with increase in
temperature whereas ideality factor and series resistance
decrease with increase in temperature.
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