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A B S T R A C T

Cadmium Telluride (CdTe) thin films were grown on borosilicate glass substrates by close-spaced sublimation
(CSS) at a pressure of 1.5–2 Torr in Ar ambient. CdTe thin films were sublimed at a source temperature of 625 °C
and substrate temperature of 595 °C. In this study, the impact of various deposition times on the structural,
morphological, topographical, electrical and optical properties of CdTe thin films has been explored to achieve
high quality thin film absorber layer for solar cells applications. The crystalline structure, surface morphology,
surface topology, electrical and optical properties of the films were examined by using X-ray diffraction (XRD),
Field Emission Scanning Electron Microscopy (FESEM), Atomic Force Microscopy (AFM), Hall Effect measure-
ment and UV–Vis spectrophotometry, respectively. XRD investigation demonstrated that CdTe film shows
polycrystalline nature pronounced with cubic zinc blende structure with a strong preferential (1 1 1) orientation.
The FESEM images illustrated that the surface morphology and the average grain size of the films were de-
pendent on the deposition times of CdTe thin films. AFM analysis revealed noteworthy changes in the film’s
surface roughness values for different deposition times. Carrier concentration was found in the order of 1013

cm−3. Band gap of CdTe thin film was found in the range 1.45–1.48 eV, which is suitable to be used in CdTe thin
film solar cells.

Introduction

Improving the efficiency as well as reducing the cost has always
been the spotlight of photovoltaic (PV) systems research [1]. Nowa-
days, energy harvesting by photovoltaics has turned out to be a key
factor for assuring the world's ever increasing energy demand. Solar
energy generation demand has been mostly compelled by quickly de-
clining system costs. To maintain the high level of desirability for this
energy source, there is a high necessity for further decline in production
costs. This will guide to an assortment of manufacturing techniques,
which merges high efficiency and cost-saving production [2]. The
compound semiconductor thin films are one of the most promising

materials for the fabrication of optoelectronic devices [18]. However,
many of the compound semiconductors have been deposited by many
processes. Though the mission of CdS/CdTe hetero-junction solar cell
initiated in the early 1970s with an efficiency of about 6%, the current
efficiency has reached 22.1% stated by First Solar Inc. [5]. Sustainable
research efforts are being pursued to overcome the gap between the
maximum attainable theoretical efficiency (∼30%) and the highest
recorded laboratory efficiency (∼22.1%) of CdTe solar cells [17].

CdTe has been acknowledged as a foremost thin film material for its
optimal bandgap of 1.45 eV. CdTe absorbs more than 90% of obtainable
photons in 1 µm thickness, therefore 1–3 µm film are adequate for thin
film solar cells [3–7,18]. CdTe solar cells such as homo-junction and
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hetero-junction have been inspected so far [8–10]. CdTe can be de-
posited by over 14 techniques which varies largely and can significantly
influence the material characteristic and device quality [11–13]. Phy-
sical vapor deposition is the simplest method for the fabrication of thin
film semiconductors. CdTe deposition methods include close-spaced
sublimation (CSS), vapor transport deposition (VTD), thermal eva-
poration, sputtering etc. [14–18]. CSS and CdTe are directly inter-
connected due to widespread exploitation of CSS in the development of
CdTe thin film [19,20]. The benefits of CSS method are high deposition
rates and a tremendous exploitation of the raw material, leading to low
manufacturing costs and viable module prices. CSS is a low-cost tech-
nique for the deposition of polycrystalline thin films owing to the rea-
sonable operating pressure (0.01–10 Torr) and simple design [21,22].
CdS/CdTe solar cells are presently of technological significance because
of their easiness of deposition method and comparatively high effi-
ciency [23].

Nowadays, the obtainability of ample Cd and Te is a great worry for
scientists and researchers for large scale manufacturing of CdS/CdTe
solar panels. Apprehensions are more crucial for Te element because of
its insufficiency compared to cadmium. This investigation has been
executed by Zweibel [24] in detail. As a solution to this matter, the
scientific research should be focused towards thin CdTe layers. There-
fore, the key purpose of this study is to control the CdTe thickness by
varying the deposition times. The effect of deposition times on the
structural, morphological, topographical, electrical and optical prop-
erties of CSS grown CdTe thin films will also be discussed to compre-
hend its utilization in thin film solar cells.

Experimental details

CdTe thin films were grown on commercially available borosilicate
glass substrates (3 cm×3 cm) via CSS system. All substrates were
cleaned by ultrasonic process and finally dried up by N2 gas flow.
Source material employed in this study was fine powdered CdTe
(99.99%), which was first sintered at 700 °C for 30min. Then, CdTe
thin films were deposited via CSS process, where source and substrate
temperature were ramped up at the same rate and finally differed for
various duration as considered to be deposition time. A schematic of the
in-house built CSS system is presented in Fig. 1.

The substrate and source are detached by 2mm and supported by
proper holders. The system is sustained at the set temperatures by 2 kW
halogen lamps. The thermocouples are employed to control the tem-
peratures. Table 1 presents the deposition conditions of CdTe thin film
growth. The chamber is reserved at 1.5–2 Torr (Ar gas) to generate the
suitable deposition ambient. The argon gas is used as to maintain inert
atmosphere inside the chamber. Fig. 2 depicts the CSS system along
with CSS grown CdTe thin film.

The choice of deposition parameters particularly depends on the
process of deposition. The significant process parameters in CSS are the
temperatures of the source and the substrate, the nature of the atmo-
sphere, the pressure in the reaction tube and the composition of the

source material. These parameters are interconnected. In this study, the
deposition parameters such as source-substrate temperature, spacing,
deposition time and pressure etc. have been selected based on the op-
timization from existing literature review, theoretical considerations,
experimental data and in some cases by reasonable estimations. The
source-substrate temperature, deposition pressure, and source-substrate
spacing are adjusted to result in deposition rates of about 0.5–1.0 μm/
min. The key aim of this study is to control the film thickness below
5 μm toward stable pinhole free CdTe thin films. By keeping other de-
position parameters constant, deposition time is altered to achieve the
desired film thickness.

Identification of phases and structural properties was inspected via
X-ray Diffraction (XRD) using a BRUKER aXS-D8 Advance Cu Kα dif-
fractometer (Cu Kα excitation wavelength of 1.541 Å) at room tem-
perature. Surface morphology, grain size and cross-sectional images
were viewed by using Carl Zeiss Merlin Field Emission Scanning
Electron Microscopy (FESEM) operated at 3 kV. “NANOSURF EASYS-
CAN 2 AFM” (Atomic Force Microscopy) SYSTEM” was utilized to in-
vestigate the surface topography and roughness. The electrical para-
meters were obtained by Hall Effect measurement system (HMS
ECOPIA 3000). Optical characteristic analysis was done by using Perkin
Elmer Lambda 950 UV/Vis/NIR spectrophotometer.

Results and discussion

Structural properties analysis

XRD patterns were documented in the 2θ range from 20° to 60° with
a step size of 0.02°. The aim of XRD analysis was inspecting the impact
of different deposition times on the structural and crystallographic
properties of CSS grown CdTe thin films. The XRD patterns of CSS
grown CdTe thin films are depicted in Fig. 3.

All the grown films illustrated polycrystalline property along the
(1 1 1) plane and originated at 2θ=23.8° for all the deposition times
confirming a cubic zinc blende structure. Another three low intensity
peaks were found at 2θ=39.30° and 2θ=46.51° and 2θ=56.91°
correspond to (2 2 0) and (3 1 1) and (4 0 0) plane, respectively. From
the XRD peak, it is obvious that the pattern is dominated by the (1 1 1)
peak as the intensity of other three CdTe peaks, (2 2 0), (3 1 1) and
(4 0 0) are very weak. All these films are polycrystalline with cubic
phase and are in agreement with the XRD results reported by
Dharmadasa et al. and Spalatu et al. [30,31]. There are some factors
affecting the intensity of XRD. Changing the atoms in the unit cell alters
the diffraction intensity. Typically, differences in XRD peak intensities
can be correlated to the variations in the scattering intensity of crystal
components or their lattice arrangement and might be interpreted due
to the crystallite size discrepancies that have resulted from many
variables. It may also occur due to the discontinuity of the film texture,
the large porosity of samples, great voids or the roughness of the sub-
strate. Therefore, intensities of (1 1 1) diffraction peak differ for higher
deposition times as the total area of crystal face is different conferring
to crystal habit which are in agreement with the results found earlier
[40]. Furthermore, the material volume reduces after each sublimation
process in CSS deposition. Consequently, the surface has reached a
steady state morphology demonstrating the difference in the deposition
rate and final thickness for each run. The amount of deposited materialFig. 1. Schematic of close-spaced sublimation (CSS) system.

Table 1
Deposition parameters of CSS grown CdTe thin films.

Parameter Condition

Substrate Temperature 595 °C
Source Temperature 625 °C
Deposition Pressure 1.5–2.0 Torr (Ar gas ambient)
Source-substrate Spacing 2mm
Deposition Time 1, 2, 3, 4, and 5min
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should be the same to attain similar intensity. Peak intensity might vary
if the thickness and the deposition time are changed. The sample de-
posited for 3min displays the strongest preferred (1 1 1) orientation.
The peak intensity showed declining tendency after 3min deposition
time which might also be ascribed to the growth of successive thin
layers of material and decrease in surface mobility on glass surface [7].
All the diffracted peaks found from XRD were compatible with the
JCPDS data file (15–0770); and were in good concurrence with the
literature of CdTe cubic structure.

From the Brag's law [d(hkl) = (λ/2) cosecθ] and Vegard's law
[acubic = dhkl (h2+ k2+ l2)1/2] [25], the lattice constant ‘a’ for cubic
phase structure [h k l] was calculated. Crystallite size (D) of the films
has been calculated by using the full-width at half maximum (FWHM)

of the (1 1 1) peak and Scherrer’s formula [Dhkl= 0.9λ/(βcosθ)] [26].
Full width at half maximum [FWHM] values have incredible correlation
with the crystallinity. The higher values of FWHM point out the decline
of the crystallinity, whereas the bigger crystallite sizes specify the en-
hanced crystallinity of the films [27]. The microstrain (ε) has been
measured from the relation [ε= β/4tanθ] [28]. Monocrystalline
property symbolizes lower microstrain value. In contrast, the high ε
value denotes the polycrystalline film. By using the Williamson and
Smallman's relation [δ=n/D2] [29], the dislocation density has been
calculated. The computed structural parameters of CSS deposited CdTe
films are shown in Table 2.

The average crystallite sizes were in the range 40–55 nm as ob-
served from the calculated values. The average crystallite sizes slightly
decreased for higher deposition times because of the variation in the
crystallinity, which may be attributed to recrystallization and reor-
ientation of the films. Crystallite size was maximum (54.16 nm) for the
films deposited for 2min, which is a good indicator that the films can be
used in solar cells as the absorber layer, since large grain size demon-
strates good crystallinity, which reduces the parasitic resistances and
consequently improves device performance [7]. The values of crystal-
lite sizes found in this study are comparable with the study conducted
by Mendoza et al. [32]. The lattice constant of 0.65 nm was found for
all the CdTe diffracted peaks in all deposition times. The microstrain
and dislocation density of CdTe films were strongly influenced by the
deposition time. Fig. 4 shows the variations of the microstrain and
dislocation density for different deposition times.

The highest microstrain of 3.92×10−3 was obtained for 5min
deposition time. Maximum value of dislocation density 0.55×1011

cm−2 was also found for the same deposition time. Stress or stain in a
material can cause visible fluctuations in the diffraction pattern of a
material. The internal strain or stress and dislocation density illustrates
different behavior for 2min which may be due to the lattice disar-
rangement and imperfections originated in the crystal. Lower strain and
imperfections implicate towards films with better crystalline quality
which is desirable in the fabrication of high efficiency solar cell device.
The microstrain and dislocation density are observed to rise with de-
position time due to decline in corresponding average crystallite size

Fig. 2. (a) View of CSS system and (b) CSS deposited CdTe thin film.

Fig. 3. The XRD patterns of CSS deposited CdTe thin films.

Table 2
Structural parameters of CdTe thin films for various deposition times.

Deposition Time hkl dhkl (nm) a (Å) β (deg) D (nm) ε [×10−3] δ [×1011] (cm−2)

1min (1 1 1) 0.3725 6.45 0.0031 45.133 3.714 0.491
2min (1 1 1) 0.3724 6.45 0.0026 54.160 3.094 0.341
3min (1 1 1) 0.3727 6.46 0.0030 47.787 3.510 0.438
4min (1 1 1) 0.3723 6.45 0.0031 45.134 3.712 0.491
5min (1 1 1) 0.3729 6.46 0.0033 42.756 3.924 0.547
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which indicates the formation of high-quality thin films with enhanced
crystallinity for lower deposition times. The results are in agreement
with the reported work of Chander et al. [18].

Surface morphology analysis

FESEM is a very proficient method to find the grain growth me-
chanism and surface morphology [29]. Fig. 5 shows the FESEM surface
morphology and cross section images of CSS deposited CdTe thin films
for different deposition times. The surface morphology and the average

grain size of the films are highly dependent on the deposition times as a
function of thickness as perceptible from the FESEM images. The sur-
face morphology studies imply that the films are uniform, smooth,
homogeneous and nearly dense-packed as well as free from voids,
cracks or pinholes. The obtained specific grains refer to the fastest,
favoured growing direction in contrast to the round CSS grains, where
no preferential growth direction can be found [33].

The material volume declines after each sublimation as the initial
material on the graphite box decays after individual sublimation pro-
cess. Consequently, thickness of the grown films fluctuates for different

Fig. 4. Microstrain and dislocation density variations for CdTe thin film.

Fig. 5. FESEM surface morphology and cross section images of CdTe thin films.

Fig. 6. Variation of grain size and thickness of CdTe thin films for various de-
position times.
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deposition times. The thickness for all the films was in the range
1.50–2.40 µm. The grain sizes were almost constant for all the deposi-
tion times as evident from Fig. 6 and found in the range 1.50–2.0 µm
which are comparable with the film thickness and are in accordance
with the measurement done by Hernández-Torres et al. [33]. Film
grown at lower deposition time showed smaller grain sizes. The
thickness and grain size of the film is maximum for 3min deposition
time and then reduces for higher deposition time. There is vital need to
optimize CdTe deposition procedure to acquire larger grain. The dif-
ferent morphology and structure (crystalline) of the films might be due
to the defects created by different thicknesses. This is because the rate
of particle aggregation during the film growth is a key issue that directs
the morphology and structure (crystalline) of the films [33]. The FESEM
images and grain size support the XRD results and matches with the
study by Spalatu et al. [31].

According to the literature, crystallite size is a measure of the size of
coherently diffracting regions of a material. The crystallite size is
commonly determined from the XRD pattern using the Scherrer equa-
tion. In the Scherrer formula, a lot of assumptions are being made
which could be different for the real samples. It assumes that all crys-
tallites have the identical shape and size though the shape of crystallites
is usually irregular. On the other hand, grains are volumes inside
crystalline materials with a specific orientation. Grain is either a single
crystalline or polycrystalline material and is present either in bulk or
thin film form. Grain size usually refers the average diameter of the
individual crystal orientations found in polycrystalline materials.
During the processing, smaller crystallites come closer and grow to
become larger due to kinetics. Therefore, in the most likely scenario,
the grain is larger than a crystallite. Crystallite size is equal to grain size
if the grain is perfectly single crystallite. Grain size and morphology are
commonly determined by SEM (but not XRD). The grain size measured
from an SEM could be the coalescence of small crystallites into one
large grain made of several crystallites and it is sometimes difficult to
resolve individual crystallite from an SEM [29]. The grain size mea-
sured from SEM is an average value whereas the Scherrer formula
calculates the crystallite size using the diffraction information from a
single plane at a specific 2θ and FWHM value [29]. However, grains of
sintered samples contain several dislocations and defects, which inter-
rupt the periodicity of the crystalline nature. Hence, an individual grain
may contain several crystallites. XRD technique provides the informa-
tion of this crystallite size present in the grains whereas the microscopic
investigation using SEM provides the grain size of the material. Since
grain comprises many crystallites, the crystallite size and grain size are
not same.

Surface topography analysis

AFM provides information about the surface topology of a thin film
and allows topographies of the film surface to be plotted [37]. CSS
grown CdTe film often suffers from poor coverage and is rough.
Therefore, AFM analysis was carried out to inspect the correlation be-
tween the roughness and deposition times of CdTe thin films. AFM is
utilized to achieve the surface topography, average roughness (Ra) and
RMS roughness (Rq). Fig. 7 illustrates the topography (from 3D image)
of CdTe film in a scanning area of 10 μm×10 μm for deposition times
1min, 2min, 3min, 4min and 5min, respectively.

Fig. 8 shows the variation of average roughness and RMS roughness
with the change in deposition times of CSS deposited CdTe thin film.
The grown films are rough, but the peak-to-valley detachment is less
than the total thickness confirming even exposure. The average
roughness values are in the range 59−120 nm which are in accordance
with the study executed by Seth et al. [34] and Major et al. [35]. AFM
results are also in agreement with the findings of the FESEM analysis
indicating the improved grain size for higher deposition times. The
roughness is an indication of the level of smoothness of the surface.
Both Ra and Rq gives roughness of thin films but their approach of

calculating the roughness is different. Higher roughness would cause
more light scattering that may lead to higher reflectance or even higher
attenuation. Higher roughness is required to achieve greater optical
length. For 1min deposition time, the Ra and Rq were about 59.61 nm
and 67.92 nm, respectively. When deposition time was 4min, the Ra

and Rq boosted to 120.95 nm and 150.22 nm, respectively. The surface
roughness increased up to 4min and thereafter declined, which might
be attributed to a partial phase transition as well as oxidization, which
started at higher deposition time. The changes in surface roughness
with time might also be accredited to surface defects, alteration in the
degree of disorder and the porosity of the films as reported by Chan-
dramohan et al. [41]. From the topography images, it is obvious that
the surface roughness is affected by deposition times. Therefore, a smart
trade-off between deposition time and roughness is required for better
CdTe thin film quality and performance. The roughness is maximum for
films deposited for 4min, which is needed for a high-efficiency solar
cell device as the optical length of the incident photon is greater owing
to the enhanced probability of photon absorption because of total in-
ternal reflection at high roughness [36,37]. This property suggests that
CSS grown CdTe films could be exploited as an absorber layer in single-
junction device as well as tandem device.

Electrical properties analysis

The electrical parameters such as carrier concentration, mobility
and resistivity were measured with an applied magnetic field of 0.55 T
and probe current of 40nA. The measured electrical parameters for
various deposition times are presented in Table 3.

The electrical resistivity was in the order of 104 Ω cm demonstrating
insignificant changes with the growth conditions. The electrical re-
sistivity was increased for 5min and consequently the conductivity
decreased which might be attributed to CSS chamber contamination
during CdTe thin film growth. Therefore, the electrical conductivity of
CdTe thin films is strongly influenced by the deposition time, which
may be ascribed to the tunneling of the charge carriers through grain
boundary barriers and recrystallization of grains during the growth
process [43]. Resistivity values are in accordance with the data re-
ported by Lianghuan Feng et al. [38]. The highest mobility (7.67 cm2/
Vs) and the lowest resistivity (4.82×104 Ω cm) was obtained for CdTe
film with 3min deposition time. Mobility increased until 3 min and
then declined with the increase of deposition time. This observation can
be linked to the relatively higher bulk carrier concentration. Carrier-
carrier scattering consequence is much apparent for films with rela-
tively higher bulk carrier concentration due to the increased probability
of carrier collisions, which in return directs to lower mobility [32]. It
was also found that the carrier concentration of the films was in the
order of 1013 cm−3. Understanding and controlling the carrier con-
centration in CdTe polycrystalline thin films has been enormously
challenging and limiting. Ionic bonding between constituent atoms
frequently leads to persistent intrinsic compensating defect chemistries
and strong self-compensation that are difficult to control. The historical
CdTe doping limit is an indication of defect compensation when relying
on a mix of native point defects and poorly controlled impurities and
doping mechanisms, which is a common issue with other polycrystal-
line compound semiconducting thin film materials. CdTe has the
drawback as it is difficult to achieve high doping concentration due to
self-compensation from intrinsic defects form e.g: vacancies (VCd, VTe),
interstitial defects (Cdi, Tei) and grain boundaries [45]. Therefore, CdTe
carrier concentration is found low which is one of the key challenges to
improve CdTe solar cells energy yield performance. It is therefore
suggested that the variation of deposition time as a function of film
thickness has notable impact on film properties. With the increase of
deposition time, crystallinity has improved as evident from the XRD
peaks. Aligning to literature, it is found that better crystallinity results
in lower electrical resistivity, which is consistent from this study as
well. This is mainly due to reduced carrier scattering and recombination
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across the grain boundaries.

Optical properties analysis

Optical characteristics were analysed by measuring the absorbance
of deposited CdTe films. Absorbance of the reference glass is subtracted
to equalize the influence of underlying substrate. Optical property
analysis was carried out to examine the energy band gap, Urbach en-
ergy, refractive index and extinction coefficient of deposited CdTe
films. The measured absorption coefficient values for all the samples are
within the range of 104–105 cm−1 in the visible region which confirms
the absorbance of more than 90% as desired for an effective absorber
layer. To calculate the band gap, the optical absorbance data was

employed. Direct band gap values can be estimated by plotting the
straight-line portion of the graph to zero absorption coefficients.
Basically, the energy band gap is found by the intercept on the energy
axis [39]. The energy band gap, Eg and the nature of transition are
analysed by the equation [αhν=A (hν − Eg)1/2] [26,29]. The graphs
of (ɑhν)2 vs hν are plotted in Fig. 9 to determine the energy band gaps
of the films.

The linear nature of the Tauc plot specifies that the CdTe is a direct
band gap compound semiconductor. The optical energy band gap of
CdTe thin films are found in the range 1.45–1.48 eV as tabulated in
Table 4. The obtained band gap values are quite similar with the study
conducted by Patel et el. [17] and Lianghuan Feng et al. [38]. The
change in optical band gap may be due to the variation in plasma

Fig. 7. 3D-AFM images of CdTe thin films with average and RMS roughness.
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frequency which might be attributed to the change in film carrier
density and mobility. The band gap of semiconductor might also be
affected by the dislocation density, disorder at the grain boundaries,
stoichiometric deviations, quantum size effect and change in preferred
orientation.

Urbach energy (Eu) signifies the degree of structural disorder in thin
films. This quantity depicts the local defect or localized states near the
optical energy gap. The dependency of the optical absorption coeffi-
cient of thin films with photon energy may arise from electronic tran-
sitions between localized states. The Eu values are deduced from the
slope of linear fit to the logarithmic plot of the absorption coefficient
and photon energy using the equation, Eu= 1/[Δ(lnα)/Δ(hν)] [27].
The estimated values of Eu for all samples are given in Table 4. Gen-
erally, the Eu values are inversely proportional with the optical band
gap of thin films. It is observed that the Eu value decreases with in-
creasing optical energy gap for higher deposition times. The obtained
values of Eu for 1min, 2min and 3min CdTe films are 62meV, 74meV
and 61meV, respectively and then declines for 4min and 5min. This
may be attributed to the appearance of defects, which cause redis-
tribution of the localized states from band to tail. It also facilitates more
possible transitions from band to tail and tail to tail, which leads to the
simultaneous shrinkage and extending of optical energy gap and Ur-
bach tail, respectively [42]. The higher values of Eu in the deposited
CdTe films specify the higher phonon state disorder and/or higher
doping concentrations in the films [27]. It is assumed that the nature of
the structural disorder in as-deposited films is dominated by intrinsic
defects such as dislocation and/or vacancies [27].

The refractive index gives information about vacancies existing in
the deposited film and defined as a measure of density [43]. Usually,
the refractive index increases with decreasing order of optical energy
band gap and both parameters can be related as per Harve-Vandamme
model [18]. The refractive index is calculated using the relation
n2= 1+ [(A/Eg+ B)]2 where, A and B are constants having values

13.6 and 3.4 eV, respectively [18]. The refractive index is found in the
range 2.96–2.98 and are tabulated in Table 4. The refractive index is
found corresponding to optical energy band gap and may be attributed
to the variation in dislocation density and crystallinity [18]. The results
are consistent with the earlier study conducted by Shaaban et al. [44]
who observed a similar behavior of refractive index for CdTe thin films.

The extinction coefficient (k) provides information about the ab-
sorption of light in the materials medium owing to elastic scattering
[43]. The extinction coefficient is estimated from the values of α and λ
using the known formula k= αλ/4π [37,44]. Fig. 10 illustrates the
dependence of k on wavelength for CdTe of thin films. The extinction
coefficient is found to increase with higher deposition times which may
be attributed to the dominance in density temperature dependence of
the extinction coefficient [43,18].

Optimization and device structure

The experimental results revealed that the deposition times played
crucial role to optimize the structural and optoelectronic properties of
CdTe films. Considering all the characterization results, the source
temperature of 625 °C, substrate temperature of 595 °C, deposition
pressure of 1.5 Torr, source-substrate spacing of 2mm are found op-
timum in this study. Deposition time of 1–4min are suitable depending
on the required thickness as higher deposition times might deteriorate
the quality of the films. Based on the obtained characterization results,
it can be stated that the CSS grown CdTe films exhibit desirable prop-
erties to be utilized as an absorber layer for the suggested Cd-based
solar cells configuration as presented in Fig. 11.

However, all in all, it can be concluded that thorough optimization
of process such as post-deposition annealing as well as subsequent layer
deposition are necessary to achieve higher conversion efficiency of this
kind of device configuration.

Conclusion

The impact of deposition time on the structural, morphological,
topographical, optical and electrical properties of CdTe thin films has
been inspected comprehensively with the optimization of properties to
the solar cell applications. XRD analysis revealed that all the films il-
lustrated polycrystalline characteristic along the (1 1 1) cubic plane as
preferred orientation. The discrepancy in the crystallinity was acquired
for different deposition times and the peak intensity showed declining
tendency with lower deposition times. The surface morphology and the
average grain size of the films were highly dependent on the deposition
times and correlated the other properties. The average grain size of all
the films was in the range 1.50–2.0 µm. Surface roughness was altered
by the deposition times and depicted relatively less roughness value for
lower deposition times. The highest mobility and the lowest resistivity
were obtained for the CdTe film grown at 3min deposition time. The
optical transition was found to be allowed direct and the energy band
gap was found in the range 1.45–1.48 eV. The refractive index was
found in the range 2.96–2.98. It is therefore stated that the variation of
deposition time in terms of CdTe thickness in CSS growth has a notable
influence on CdTe film properties. All the investigated properties of
CdTe thin films are well-matched in the range of standard reported
values confirming their potential to be exploited as the absorber layers

Fig. 8. Variation of average and RMS roughness of CdTe thin film for various
deposition times.

Table 3
Electrical parameters of CdTe thin films.

Deposition time Carrier concentration [×1013] (/cm3) Mobility (cm2/Vs) Resistivity [×104] (Ω cm) Semiconductor type

1min 2.50 5.30 5.90 p-type
2min 2.31 7.30 4.93 p-type
3min 1.54 7.67 4.82 p-type
4min 2.16 5.88 5.82 p-type
5min 2.38 3.62 7.25 p-type
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Fig. 9. Plot of (ɑhν)2 versus photon energy (hν) for the evaluation of energy band gap of CdTe thin films.

Table 4
Optical parameters of CdTe thin films.

Deposition time Band gap energy,
Eg (eV)

Urbach energy, Eu
(meV)

Refractive index
(n)

1min 1.47 62 2.97
2min 1.45 74 2.98
3min 1.47 61 2.97
4min 1.47 32 2.97
5min 1.48 27 2.96

Fig 10. Plotting of extinction coefficient of CdTe films as a function of wave-
length.
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