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The effects of deposition parameters on CdS thin films

optoelectronic properties
[Wagah F. Mohamad and Munther N. Al-Tikriti]

Abstract— Cadmium sulfide CdS has band gab of 2.42 eV,
which is suitable as window material for thin film to
fabricate solar cell. It has high absorption coefficient and
acceptable conversion efficiency in addition to its low cost.
Many samples are prepared using vacuum evaporation
techniques with different deposition parameters. Hall
Effect, resistivity and optoelectronic measurements are
conducted on the fabricated samples. The analysis of the
results indicates that the optoelectronic properties,
namely photogenerated current are dependent on the
thickness, substrate temperature and deposition rate.
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Introduction

Cadmium sulfide is positioned in the I1-VI group [in the
chemical elements periodic table]. It is commonly used in
the fabrication of electronic devices such as solar cell [1,2],
photodetector [3] and numerous other optoelectronic devices
[4]. Cadmium sulfide posses, on the whole, an intermediate
band gap of 2.42 eV. This feature makes the material quite
suitable to be used as windows in thin films solar cells. It
also has acceptable conversion efficiency, adequate
absorption coefficient in addition to its low cost. Thin films,
in general, have been subjected to numerous theoretical [5]
and practical [6] research works. But on the other hand,
further research is required to fully understand and improve
the materials properties.

The structure of cadmium sulfide thin films is
polycrystalline. Generally, the individual crystalline has
good quality but they are interlaced by a high number of
grain boundaries. These boundaries form regions of
increased disorder where charges are usually trapped. This
consequently, develops potential barrier that restrict carrier
transportation movement. The electrical conductivity is
affected by this barrier. When the voltage drop across the
bulk grain is very much smaller by comparison with the
voltage drop in the barrier, the film resistivity is inversely
proportional with the grain size [7].

It must be noted that the grain size is a function of many
deposition parameters. These are mainly the film thickness,
deposition rate and temperature of the substrate. I-V
characteristic, carrier concentration, dark resistivity and
optoelectronic properties are investigated as a function of
deposition parameters. Furthermore, Hall Effect parameters,
and photogenerated current are calculated with respect to the
deposition parameters.
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1. Fabrication Process:

Vacuum thermal deposition technique is used to fabricate the
cadmium sulfide film with different thicknesses and on glass
substrate. The fabrication parameters which include temperature
of the substrate, thickness of the films and the vacuum pressure
are all set by the evaporation system. At the start, the clean glass
substrate is positioned inside the chamber and when the pressure
reaches 10 Torr the substrate is heated and maintained at 300°C
for two hours in order to improve the film adherence and
degassing. The substrate is then cooled and kept at the required
constant temperature during the deposition process. Then,
aluminum Ohmic contacts are placed on top and bottom of each
sample. The top aluminum contact is deposited through a mask
so as to facilitate the photoelectronic measurement. The
annealing process is performed by heating the samples in the
chamber under vacuum.

In order to produce good films characteristics, the deposition rate
plays an important role in the thermal evaporation technique. In
this research work, a deposition rate of 2°A /sec is used for all
fabricated samples if not stated otherwise. With this rate of
deposition the samples should have good adhesion and thermal
stability. The annealing temperature is kept constant in this
research work at 300°C and its effect will be investigated in
future research work.

n. Hall Effect Measurements:
Equation (1) expresses the Hall constant Ry as a function of
the carrier concentration (n) [8]

Ry =r/(ne)

r the scattering factor which is between | and 2 but more
closer to one, e is the electronic charge. Thus:
Hn= Ryo =Ry /pB ..........
My is the Hall mobility while ¢ represents the film
conductivity and pg the bulk resistivity.
pe=rilnepy) ...
The grain size must be increased in order to reduce the
resistivity of the sample. It can be stated that the carriers
concentration is directly proportional to the processing
parameters, which include, the substrate temperature, film
thickness and annealing temperature [9, 10] . The Hall
measurement indicated that all the fabricated films are n—
type i.e. negative Hall coefficient [11]. In this case the
electrons are the majority charge carriers. Figure (1) shows

the variation of the average carries concentration (n) and
Hall mobility with the thickness of the, films at substrate
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temperature 180°C. It is clear from the figure that, the carrier
concentration increases sharply as a function of the film
thickness in the region when the thickness is less than 1.2
um but it decreases sharply when the film is thicker. This is
due to the fact that at thicker films become rich with
cadmium (donor level), which increases the carrier
concentration during the deposition process.

Figure 1 also, shows the variation of the mobility with the
thickness of the film. It can be clearly noted that the
mobility varies markedly with the thickness. The significant
change in the mobility occurs in conjunction with the
change in grain size. However, when the surface carrier
concentration is increased, the potential barrier tends to
reduce the number of carriers that reach the surface. In other
word, this indicates that the mobility is limited by the
intergrain barriers. Consequently, if the carrier concentration
is increased beyond certain limits the resistivity will tend to
increase causing the Hall mobility to decrease [12].
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Figure 1 variation of carrier concentration (n) and mobility with film
thickness at 180°C substrate temperature.

Figure 2 shows the variation of Hall mobility and carrier
concentration with substrate temperature for two samples of
1.2um thickness. Sample 1 is not heat treaded, while the
other sample 2 is heat treated in vacuum at 300°C for 30
minutes. In the untreated films the carrier concentration will
increase with the increase of the substrates temperature and
reaches a maximum value at substrate temperature of 180°C.
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Figure 2 shows the variation of Hall mobility and carries concentration with
substrate temperature for sample with 1.2 um thickness.
The heat treated film shows lower values of carrier
concentration. This is due to the fact that the films have
become rich with sulfur atoms (accepter level) which results
in higher resistivity and small grain size. The Hall mobility
behaves in similar manner as the carrier concentration which
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means that both of them are dependent on the grain size. It
follows, when the temperature of the substrate is increased
up to 180°C, the degree of preferential orientation of the
microcrystalline and the gain size will increase too. But their
values will decrease when the temperature increases beyond
180°C due to the staking faults in the films. These results are
in good agreement with previous published research work
[13].

m. Resistivity measurements:

Figure 3 shows the variation of dark bulk resistivity with
film thickness for 180°C substrate temperature. It can be
seen that the film resistivity decreases sharply as the
thickness increase up to 1.2 um beyond this thickness the
decline in the resistivity become less pronounced where the
films are thicker. This reduction in the resistivity is
attributed to increase in carrier concentration and vertical
growth of the film, which increases the crystalline size [14].
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Figure 3 variation of dark bulk resistivity with film thickness for 180°C
substrate temperature.

Figure 4 shows the surface and bulk resistivity as function
of substrate temperature. The thickness is 1.2 um with
deposition rate of 3°A/ sec. All measurement are carried out
inside a black box at room temperature. The figure shows
that bulk and surface resistivity each decreases as the
temperature increases, but it starts to increase when the
substrate temperature increases beyond 180°C.
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Figure 4 Variation of bulk and surface resistivity with substrate temperature
for thickness 1.2um.

The resistivity's increase is due to two reasons. The first is
the degree of preferential orientation of the'microcrystallines
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becomes less. The second reason is that at higher substrate
temperature the adhesion coefficient of cadmium atoms is
small hence the film becomes rich with sulfur. At high
substrate temperature a number of the cadmium evaporated
atoms rebounce (re- evaporate) from the substrate.

The surface current-voltage (1-V) characteristic for the
fabricated films are measured and studied in the dark and at
room temperature. Figure 5 shows the variation of the
current with thickness for different biasing voltages. The
current is directly proportional with thickness. It increases
up to the point of the thickness 1.2pm but it starts to level of
beyond this point due to resistivity increase as explained
before.

The Ohmic contact between the cadmium sulfide and the
aluminum is investigated. The conditions to obtain an
Ohmic contact are:

Dns<0 , Bpa1=4.2 eV , By (N) between. 4.63 and 4.93 eV
Hence @ = @ar- Degs =-0.43 to -0.73ev which is negative.
DBms » Dar and By are the metal-semiconductor, aluminum
and CdS n-type work functions respectively. The polarity of
the applied voltage has no effect on the I-V characteristics of
the film which means that the contacts are Ohmic.
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Figure 5 variation of current against thickness for different biasing voltage
at substrate temperature 180°C. (1- V=2V, 2- V=4V, 3- V=6V, 4- V=8V)

Iv. Photoelectronic Measurements:

The photogenerated current behavior is studied with respect
to the deposition parameters mainly the thickness of the film
and substrate temperature.

In order to avoid excessive heating, the samples are exposed
to light for 15 sec. during the measurement while the biasing
voltage is kept at 2 volts. Figure 6 shows the variation of the
photogenerated current with light intensities (&) at 150°C
substrate temperature for different thicknesses.

It is observed that the photogenerated current increases as
the light intensity increased up to (3.5 W/cm?) where beyond
this light intensity the current reaches saturation. This can be
explained due to the effect of series resistance which
increases with light intensity [15]. This effect will limit the
advantage of the use of high light intensity. It can be also
note that the photogenerated current increases with thickness
and up to 1.2um and then the difference in the
photogenerated current between the plots tends to become
smaller with increase in thickness. This is because of the
formation of dead layer at high film thickness.
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Figure 6 variation of photogenerated current with light intensities for 180°C
substrate temperature at different thicknesses (1- 0.6um, 2- 0.8um, 3- 1um,
4-1.2um, 5- 1.4um, 6- 1.6um).

Figure 7 represents the variation of the photogenerated
current for different light intensities at different substrate
temperatures. It is evident, that the relation is almost linear
with substrate temperature. The current exhibits maxima at
180°C this due to the fact that the atoms start to rebounce
from the substrate at temperature higher than 180°C. Beyond
this point the increase in photogenerated current becomes
small as it can be seen plot 4 almost coincides with plot 3.
This is attributed to increase in cadmium sulfide
conductivity and the breakage of the bands inside the
substrate increases the electron-hole pair generation as the
photons flux increases [16].
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Figure 7 Variation of photogenerated current with light intensity (&) at
1.2um film thickness at different substrate temperatures (1- 120°C, 2-
150°C, 3- 180°C, 4- 210°C).

In order to confirm that low rate of deposition produces
films with good characteristic. The dependence of the
photogenerated current on deposition rate is given figure 8.
The photogenerated current is inversely proportional with
the deposition rate with strong dependency at low rates. This
is because of the atoms arrangement at low rate and the
generation of bigger gain size.
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Figure 8 variation of photogenerated current with light intensities at 1.2pm
thickness 180°C at different substrate temperatures (1- 0.2 A%sec, 2-0.4
A°/sec, 3-0.6 A°sec, 4- 0.8A%sec).

v. Conclusions

The study and analysis of the results indicates the following
conclusions:

A. Hall effect measurements:

The carrier concentration increases sharply with the increase
of thickness but it decreases sharply after 1.2um thickness.
The Hall mobility, on the other hand, varies with the
thickness and is limited by the intergrain barrier. However
the Hall mobility tends to decrease with increase of
resistivity which is affected by any increase in carrier
concentration. Also the carrier concentration and Hall
mobility increase with substrate temperature and maximize
at 180°C and both parameters are dependent on grain size.

B. Resistivity measurements:

The resistivity decreases sharply with thickness but the
decrease becomes less steep beyond 1.2um thickness due to
increase in carrier concentration. The resistivity decreases
when the substrate temperature increases up to 180°C but
beyond that it increases. I-V characteristic shows that the
current is directly proportional with voltage and it increases
for thickness up to 1.2um, where after that it starts to
saturate due to increase in resistivity. The results indicate
that the aluminum contact is Ohmic.

c. Photoelectronic measurements:

The photogenerated current increases with light intensity but
reaches saturation due series resistance. The photogenerated
current also increases with thickness and saturate beyond
1.2um, the current also increases with temperature of
substrate and maximizes at 180°C. Also the current is
inversely proportional with the deposit rate and it best with
low deposition rate.
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