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Abstract
The mixture (CdS-CdSe) thin films were fabricated by the thermal evaporation technique under very low pressures with
a deposition rate (R) of 0.2 nm/sec and a 400 nm thickness (TH). The photoelectric and thermal properties of these films
have been studied at different base layer temperatures. It was found that there is a linear relationship between the base
layer (substrate) temperature and photocurrent of these photosensitive films. There has been a very influential parameter
on the samples, which is the substrate temperature (Ts), where the optimum Ts was (170 °C) with a high adhesion
coefficient. The sample that was deposited at this Ts, has good properties compared to other samples. Also, there is a
direct relationship between the surface current and the operating temperature for fabricated films. X-ray diffraction
(XRD) tests were taken for fabricated films which have been identified as polycrystalline with hexagonal and cubic-phase
structures with different directional roles. The dominant direction of CdS 002 and 111 for CdSe. Analysis for films that
were fabricated at (210 oC) and (90oC) shows an excess of (S) and (Cd) respectively. This condition greatly affects the
film resistivity. In future work, new and different results can be obtained using different preparation parameters.
Keywords
(CdS-CdSe), Photoelectrical, Substrate Temperature, Thermal, Thin Films, X-ray Diffraction.

I. INTRODUCTION

Both CdS and CdSe thin films have a good future in the elec-
tronic industry, where the manufacture of these membranes is
necessary to keep up with the progress of electronic science.
These membranes caught the attention of researchers since
they have an intermediate band gap, which makes them suit-
able for use in the solar cell industry, in addition to their high
absorption coefficient, relatively acceptable conversion effi-
ciency, and low cost. All these features made researchers study
their different characteristics [1–3]. Studying the photoelec-
tric properties of the cadmium sulfide-cadmium selenide (CdS
- CdSe) combination is significant in dealing with photoelec-

tric devices (such as photo-detectors). The required optical
properties can be obtained using certain deposition methods
and techniques for the manufacture of this mixture [4–6]. For
the purpose of fabricating mixed (CdS-CdSe) thin films, the
method of thermal evaporation is usually used for several
reasons, such as simplicity, cheapness, and its availability in
most laboratories [1, 7]. The manufactured Membranes per-
formance depends on many parameters, some of which have a
significant impact on the characteristics of these films, such as
the temperature of tindhe base layer [1,8]. In this research, the
characteristics of (CdS-CdSe) mixture were investigated, such
as dependence of resistivity on operating temperature at multi-
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values of substrate temperature as well as the photocurrent
as a function of the substrate temperature for different levels
of light intensity. The activation energy (Ea) was also deter-
mined and calculated according to well-known mathematical
equations [9–11]. Also, the surface current dependence on
multiple values of substrate temperature was studied, and also
depending on the temperature of the substrate (from 60 to 240
°C) for different operating temperatures [12]. Finally, x-ray
diffraction (XRD) was used for the purpose of studying the
crystal structure of the manufactured films. The spectrum was
analyzed to determine the reflections and directions of these
films, where good photoelectric and thermal specifications
films were used [13].

II. EXPERIMENTAL PROCEDURE

The mixed semiconductors have been obtained by mixing
CdS and CdSe with a weight ratio of 1:1 on a glass layer
using the technique of vacuum thermal evaporation. The
settings of the microcomputer (BA510) were adjusted for
the vacuum pressure, in addition to the values of Ts, R, and
TH for the films. For more details about cleaning operations
and steps to be taken to get the best use of the system and
its settings, you can find them elsewhere. [1, 14]. The clean
glass slides were mounted inside the chamber, and then air
evacuation began. After obtaining a vacuum of 133.322×
10−6 Pa, the glass slides heated up to 350◦C and maintained at
this temperature for three hours to release gases and improve
film adhesion. After this process, the slides are cooled to
the desired temperature and maintained constant during the
deposition process. The prepared films were deposited with
a thickness of 400 nm, a deposition rate of 0.2 nm/sec, and
different substrate temperatures ranging from 60°C to 240°C.
[15]. To perform photo-electrical and thermal measurements,
a mask was placed on the slides, and then aluminum (Al)
material was deposited on them to obtain external contacts.

III. RESULTS AND DISCUSSION

A. Photoelectrical Characteristics
The photo-generated current for the manufactured films and
the effect of substrate temperature on it were investigated. To
avoid overheating, the slides were exposed to the illumination
for only 10 seconds, and the bias voltage was set at 10 V.
The varying of photo-generated currents (Iph) with substrate
temperature (Ts) for multiple values of lighting levels (ϕ) is
seen in Fig. 1. It is clear that the relationship is almost linear,
as a jump in the photo-current occurs at the point 170◦C, and
then it decreases slightly. The reason for this is to increase
the film’s ability to deliver the current where electrons to flow
smoothly. [16–20].

Fig. 1. Dependence of photo-current (Iph) on substrate
temperature (Ts) for multiple values of lighting levels (φ).

B. Thermal Characteristics
The dark measurements of current and resistivity of (CdS-
CdSe) mixture films were performed in the temperature range
(323−453) ◦C. Fig. 2 shows the dependence of surface cur-
rent on temperature reciprocal for multi-values of substrate
temperature at bias voltage 1 V. It is clear that the sample de-
posited at Ts = 170◦C has good properties compared to other
samples (Ts = 120◦C, Ts = 150◦C, and Ts = 190◦C). Also,
there is a direct relationship between the surface current and
the temperature. In other words, we have obtained higher
currents at higher temperatures. This means that the prepared
films show nearly conductive properties at high temperatures
(properties of Cd atoms more than S and Se atoms), while tend-
ing to insulate at low temperatures. In other words, we have
obtained higher currents at higher temperatures. This means
that the prepared films show nearly conductive properties at
high temperatures (properties of Cd atoms more than (S and
Se) atoms), While tend to insulate at low temperatures [21,22].

In Fig. 3a, the surface current is plotted as a function

Fig. 2. Variation of surface current (I) with reciprocal
temperature (1000/T) for different substrate temperature (Ts)
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(a) Substrate temperature from 60°C to 240°C.

(b) Substrate temperature from 120°C to 240°C.
Fig. 3. (a, b) Dependence of surface current (I) on substrate
temperature (Ts) for different operating temperatures (To).

of substrate temperature from 60 to 240◦C for different op-
erating temperatures, while Fig. 3b illustrates the substrate
temperature ranging from 120 to 240◦C for further clarifi-
cation. The biasing voltage was fixed at 1 volt. It is clear
that high current can be obtained at low substrate tempera-
tures (the conductive Cd atoms were deposited more than S
and Se atoms because they have a lower degree of evapora-
tion), and the effect of substrate temperature on the current
decreases as the substrate temperature increases. Again, there
is a maximum current at Ts = 170◦C due to the grains size
beginning to grow and the boundaries of these grains decreas-
ing at this temperature. Moreover, the adhesion coefficient is
greater [23, 24]. Also, this current increases as the operating
temperature increases because the films become more con-
ductive (decreasing the activation energy) with increasing the
operating temperature [25].

Fig. 4, shows the relation between Ln-resistivity and tem-
perature reciprocal for different substrate temperatures. The
activation energy will be changed according to the change of
the resistivity which decreases with increase the temperature

Fig. 4. Relation between ln-resistivity and temperature
reciprocal (1000/T ) for different substrate temperatures (Ts).

(which was determined and calculated using (1)-(4) below):

ρ = ρo · exp
(

Ea

kT

)
(1)

Where:
ρ: represents the resistivity
ρ0: represents the absolute temperature’s resistivity (constant)
K: represents the Boltzmann’s constant (8.6×10−5 eV/K)
T : represents the temperature (K)

lnρ = lnρo +
Ea

kT
(2)

Then the activation energy (Ea) become:

Ea = k · d(lnρ)

d
( 1

T

) (3)

In addition, there is a relationship between the concen-
tration of the carriers (ND) and the activation energy as (4)
below [14]:

Ea = Ec −E f = kT · ln
(

Nc

ND

)
(4)

Where:
Ec: conduction band’s level
E f : Fermi energy’s level
Nc: the effective carrier density in the conduction band

The deposition of films at Ts = 170◦C leads to two values
of activation energy, which decrease from 0.09 to 0.051 eV
with increasing the operating temperature. However, for the
films deposited at lower temperatures (i.e., Ts = 150◦C), this
energy decreases from 0.138 to 0.121 eV. Table I illustrates
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TABLE I. THE RELATION BETWEEN ACTIVATION ENERGY
AND SUBSTRATE TEMPERATURE FOR LOW AND HIGH

OPERATING TEMPERATURES.
Ln ρ2 - Ln ρ1 Ea (eV)Ts(◦C) High temp. Low temp. High temp. Low temp.

150
1.67 - 1.38

= 0 .29

-0.24-(-0.31)

= 0.07
0.138 0.121

170
- 0.18- (-0.37)

= 0.19

-2.0- (-2.03)

= 0.03
0.09 0.051

190
0.27- 0

= 0.27

1.38 - 1.34

= 0.04
0.128 0.069

210
1.16 - 0.8

= 0.36

-1.23-(-1.3)

= 0.07
0.172 0.120

240
2.3 - 1.38

= 0.92

0.59 - 0.54

= 0.05
0.439 0.086

these conclusions, where the injected electrons have been
transported at high operating temperature states, while at low
operating temperatures, the conduction is done by hopping
through localized states at the band edges. [26, 27].

C. X-ray Diffraction Tests
For studying the crystalline structure of the deposited films,
XRD tests were taken using Philips Diffraction PW-1130 with
a (30 mA) current. The radiation source was Cu-K provided
with a (Ni) filter and had a radiation energy of (40 KeV)
and λ = 0.15418 nm. Thin films of cadmium sulfide were
deposited on a glass substrate separately from the deposition
of cadmium selenide under the same conditions used in the
manufacture of the previous samples mentioned in section 2.
Fig. 5 represents the XRD measurements for the CdS thin
films with a thickness of (400 nm), deposition rate of (0.2
nm/sec), and substrate temperature of 170◦C, while Fig. 6
shows these measurements for the CdSe thin films under the
same specifications as the CdS films above [28, 29].

With the aid of standard spreadsheets from American
Standard for Testing Materials (ASTM) [30, 31], and Bragg’s
Law below [32], the structure type can be determined from
the proportional intensity peaks and the location of reflected
radiation on the angle axis, where the analysis showed that
there is a structural match between XRD data and JCPDS
data [31]. The range of diffraction scanning was confined to
20 ≤ 2Θ ≤ 70.

2d sinΘ = nλ (5)

Where: d indicates the distance between two adjacent par-
allel lattice planes, λ specifies the wavelength of the incident

x-ray beam, n is an integer, and Θ is the angle of diffraction
(the angle between the direction of incident light beams and
any resulting diffracted beam) as shown in Fig. 7.

Fig. 5. XRD Traces for (CdS) thin film with (Ts=170 °C).

From the XRD spectrum shown in Fig. 5 and Fig. 6,
sharp reflections can be seen as indications that the structure
is polycrystalline. [31–33] and by analyzing this spectrum, all
directions that occur in the films and the phase structure can be
identified. In addition, the films were identified as hexagonal
and cubic-phase structures with different roles of orientations
(the dominant orientation of CdS is 002 and for CdSe is 111)
[28], [34–36]. Fig. 8, represents XRD Measurements for
(CdS-CdSe) powder, while Fig. 9 shows these measurements
for mixed (CdS-CdSe) thin films with a thickness of 400 nm,
deposition rate of 0.2 nm/sec, and a substrate temperature of
170°C. Also, the existence of sharp reflections is indication
of the polycrystalline structure [37]. Moreover, the films
were identified as hexagonal and cubic-phase structures with
different roles of orientations (the dominant orientation of
CdSe is (111) while for CdS is (101)). [28, 34, 35].

Fig. 6. XRD Traces for (CdSe) thin film with (Ts=170 °C).
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Fig. 7. Bragg’s law reflection.

CONCLUSIONS

The Photoelectric and surface currents of (CdS-CdSe) mixture
thin films are highly dependent on the substrate temperature.
The optimum value of substrate temperature was obtained
as (170 °C) which is suitable for most applications. Also,
surface current depends directly on the operating tempera-
ture. The electrical resistivity is inversely proportional to the
operating temperature. When the temperature rises, the mobil-
ity of electrons increases and the activation energy decreases
thus, the current passing through the films increases and the
resistivity value becomes lower. In addition, the deposited
films at (Ts=170 °C) have minimum resistivity since the grain
size increases which leads to the reduction of their bound-
aries thus reducing their obstruction to the passage of current,
moreover the adhesion coefficient is greater at this tempera-
ture. Through XRD spectroscopy analysis, it was concluded
that the deposited films at (Ts = 170C) are highly oriented
towards the hexagonal C-axis perpendicular to the substrate
layer, where the dominant orientation of CdS structure was in
the (002) direction, and the dominant orientation of CdSe was
(111). As for the dominant orientation of (CdS-CdSe) mixture
films, it was found to be (111), and the second orientation is
(101). New and different results can be obtained by using dif-

Fig. 8. XRD measurements for (CdS-CdSe) powder.

Fig. 9. XRD Traces for mixed (CdS-CdSe) thin films with
(Ts=170 °C).

ferent preparation parameters (such as making the deposition
rate 0.1 nm/sec). Despite the good features, this method has a
poor surface coverage, and thus affects the film thickness on
complex surfaces. Also, high radiation heat loads may occur
inside the deposition system (due to the low usage rate of the
source material), which will affect the quality of the substrate
film. So, a new fabrication method can be used in future work,
to obtain finely deposited films with high purity.
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