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Abstract Key words

A polycrystalline CdTefilms have been prepared by thermal CdTe films,
evaporation technique on glass substrate at room temperature. The Thermal Evaporation,
films thickness was about700+50 nm. Some of these films were X- Ray Diffraction,
annealed at 573 K for different duration times (60, 120 and 180 D-C conductivity, Hall
minutes), and other CdTe films followed by a layer of CdCI, which Effect.
has been deposited on them, and then the prepared CdTe films with
CdCl, layer have been annealed for the same conditions. The
structures of CdTe films without and with CdCl, layer have been
investigated by X-ray diffraction. The as prepared and annealed films Article info.
without and with CdCl, layer were polycrystalline structure with Received: Oct. 2012
preferred orientation at (111) plane. The better structural properties Accepted: Jan. 2013
have been observed in presence of CdCl, layer. The D.C conductivity PuPlished: Dec. 2013
for CdTe films with CdCl, layershowed higher values. The electrical
activation energy influenced with increasing duration times of
annealing. Hall Effect measurement was indicated that all CdTe films
are p-type. The carrier concentration, Hall mobility and the carrier
life time wereaffected by increasing duration times of annealing.
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Introduction

Photovoltaic has the potential to become a
major source of energy and to have a
significant effect on the global environment,
due to its basic optical, electronic and
chemical properties [1]. Cadmium Telluride
(CdTe) solar cells are one of the important
candidates for large scale photovoltaic
applications[2]. The critical stage in CdTe
devices fabrication is the treatment of the
CdTe film with CdCl,, a process that is
essential in the production of high-efficiency
cells [3]. Another advantage of the CdTe
technology is the flexibility with regards to
the method of manufacture [4]. Many
methods  (close  spaced  sublimation,
electrodeposition, sputtering, spray pyrolysis
and Electrophoretic etc.) were used for
preparingCdTefilms [4-8]. It has been
pointed out that high efficiency solar cells
possess Te-rich CdTe surfaces with smooth
interfaces of p-CdTe/n-CdS (Another issue
is fabrication of low resistivity p- CdTe
film), which can be investigated by
incorporating intrinsic point defects by
controlling the film stoichiometry. Intrinsic
point defects strongly depend on the
composition of CdTe films. Therefore,
fabrication of CdTe films with controllable
composition in growth process is very
important [4]. In this article we presentedthe
influence of the CdCl, layer and duration
times of annealing on the structural and
electrical properties of the p-CdTe grown by
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deposited on ultrasonically cleaned 7059
corning glass slides (of 1mm thickness)
using deionized water and pure alcohol for
15 minutes [9]. Inter gold (Au) electrodes
have been deposited by thermal evaporation
technique with 100 nm thickness to study
the electrical properties of the prepared
films. Thickness of the prepared films was
measured using Fiezue fringes. The distance
between the substrate and the Molybdenum
boat (source) was maintained at 15 cm. The
thickness of the CdTe films was about
700£50 nm with deposition rate was
75nm/second at room temperature. Next, a
layer ofCdCl, of 200 nm thickness was
deposited on some of the as prepared CdTe
films by thermal evaporation technique.
Then, CdTe films without and with CdCl,
layer have been annealed in vacuum oven
type Memert at 573K for different duration
times (60, 120 and 180 minutes). The
structural analyses have doneby Phillips
PW3710 X ray diffractometer with CuK,
target of 1.5405A wavelength. The basic
structures of the prepared films are
illustrated in Fig.1.
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Fig. 1: Schematic of basic structure of the
prepared CdTe films to study, a& b XRD, ¢ & d
d.c conductivity and e & f Hall Effect without
and with CdCl, layer respectively.

thermal evaporation, and try to investigate (c) (d)

the development which may be happened in

the structural and electrical properties of

CdTe solar cell. !
Experimental Work

Thermal evaporation technique was used for (e) ()
depositing CdTe films from high purity

CdTe material of 99.999% manufactured by
Balzers, Switzerland. The deposition process

was done by Edward E306A coating system,
under vacuum of about 10°® mbar, the films
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Results and Discussion

1. X Ray Diffraction Results

The X-Ray diffraction spectra for CdTe
powder, as prepared and annealed films at
573K for different duration times of
annealing without and with CdCl, layer are
illustrated in Fig. 2. The spectrum of the
CdTe powder and films have been compared
with ASTM cards of CdTe structure which
give a polycrystalline structure containing a
mixture of hexagonal and cubic phases,
similar data had been also obtained by many
researchers [10-14]. The spectrum of the
CdTe powder had shown sharp peaks at
(111), (110), (311) and (400) planes. Where
(110) is a hexagonal phase and the others are
cubic. The as prepared CdTe thin film
without CdCl, layer was exhibited strong
preferred orientation along (111) plane, as
well as the weak reflections at (102), (110),
(311) and (400) planes. It can be observed
that the reflection from the cubic plane (400)
has been disappeared. The increasing of
duration times of annealing enhanced
crystallinity improvement, the intensity of
(111) cubic plane has been increased,
indicating that the degree of preferential
orientation toward this direction increased,
and the intensities of (102), (110) and (311)
planes had been decreased, the full width at
half maximum intensity (FWHM) of the
peaks  decreased.  Such  crystallinity
improvements with increasing the time of
annealing had observed by Al-Dhafiri [14]
and Enriques and Mathew [15]. The crystal
structure improvement may be due to that
the annealing produce an excess of Te atoms
which are usually not bounded in the CdTe
site.This lead to enhance the density of Te
vacancies, then the Cd and Te atoms will
rearrangement in the CdTe crystallites [14,
16]. Also it can be observed that the
formation of Te oxides as TeOyx and CdTe
oxides as CdTeyOx which may due to
evaporate of the highly volatile Te, thenthe
vacancies have created in the lattice and
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provide possible way for oxygen to diffuse
into the lattice [10]. The thermally grown
oxides began to disappear with increasing
the duration times of annealing. One can be
observed that there is no diffraction peaks
observed corresponding to any oxides after
annealed for 180 minutes. Oxygen diffusion
into 1I-VI semiconductors up on annealing
was assumed by many authors Heiba [10],
Enrigues and Mathew [15], Sundri et al [17]
and Pérez et al [18]. The incorporation of
oxygen into the CdTe lattice site has no
preferential substitution for Cd or Te atoms,
as the radius of oxygen atom of 65x10** m
is smaller than Cd atom of 169x10™* m and
Te atom of 207x10? m [10, 19], the oxygen
atoms substitution may shrink the lattice
which it finally distorted [11].

The XRD spectra of as prepared thin films
with CdCl; layer showed sharper intensity at
(111) plane and weak reflection at (110) and
(311) planes.  The  recrysallization
improvement with increasing the duration
time of annealing were represented by
decreasing the FHWM of (111), (110) and
(311) planes, such decreased which is
observed by Enriques and Mathew [15],
while at annealing for 120 and 180 minutes
the (400) plane had appeared, this indicates
that the formation of another order of cubic
structure.
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Fig. 2: The XRD spectra for CdTe powder, as
deposited and annealedCdTe films for different
duration times of annealing without and with
CdCl, Layer.
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The formation of oxides is also evident as
shown in Fig. 2. These results showed that
the presence of CdCl, layer enhanced the
recrystallization of films. The CdCl, layer
causes chloride ion (CI) moves via grain
boundaries diffusion through the CdTe site
which was due to the fact that CI” atomic
radius 97x10™? m was expected to substitute
over telluride atoms 207x10%® m or
cadmium atom 169x10? m [20], so that the
of CdCl; eliminates the effect of the defect
density [21].

2. Electrical properties

Fig. 3 illustrated the relationship between
Ino/c- and 10%/T, there were two stages of
conductivity  through the heating
temperature range. In this case, the first
activation energy (Ea;) occurred at higher
temperature, this activation is due to the
carrier excited into the extended states
beyond the mobility edge [22].
103/T (K1)
1.8 2 22 24 26 28 3 32 34

without CdCl, layer
—a— as deposited
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Fig. 3: Inc/e-as a function of 10%T for the as
deposited and annealed CdTe films at 573 K
for different duration times without and with

CdCl, Layer.
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While the second activation energy (Ea2)
occurred at lower temperature range and the
conduction mechanism of this stage was due
to the carrier transport to the localized states
near the valance and conduction bands [22].
In absence of CdCl; layer, the values of Ey;
had decreased with the increasing of
duration times of annealing, as shown in
Table 1. The values of E,, have a fluctuated
behavior with the increasing of duration
times of annealing; this behavior may be due
to creation of localized states inside the
energy gap [22]. While in presence of CdCl,
layer, both values of Egand Eghad
increased with the increasing of duration
times of annealing. But generally, the CdCl,
layer causes a slightly decrease in the
average E,; from 0.744 eV to 0.650 eV, and
average Eg; from 0.179 eV to 0.172 eV.
Table 2 and 3 showed the variation of
conductivity measured at room temperature
versus duration times of annealing.
Generally conductivity of CdTe films with
CdCl, layer three orders of magnitude
higher than it without CdCl, layer. CdCl,
permit to increase the conductivity of p-
CdTe. But the conductivity at room
temperature is found to decrease with
increasing the duration times of annealing
without and with CdCl, layer.

Table 1: Activation energies of CdTe films for
different duration times without and with CdCl,

layer.

Duration of Eawithot  Eawwith  Eaowithour  Eazwitn
annealing (eV) (eV) (eV) (eV)
As 0.853 0606 0228 0.052
deposited

60 min. 0.778 0.615 0.143 0.111
120 min. 0.772 0.687 0.204 0.253
180 min. 0.575 0.695 0.144 0.274

Hall measurement showed that the CdTe
films at different duration times of annealing
without and with CdCl, layer were p-type,
Razykov et.al. [4] Sundari et. al. [17] and
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Bayhan and Ergelebi [23] have found the
same results.

It can be seen from Table 2 and 3 that the
carrier ~ concentration  increased  with
increasing duration times of annealing for
CdTe films without and with CdCl, layer.
The carrier concentration with CdCl, layer
was less than the carrier concentration
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without CdCl, layer. The Hall mobility of
CdTe films with CdCl, layer four orders of
magnitude higher than it without CdCl,
layer. The carrier's life times decreased with
increasing duration times of annealing
without and with CdClI, layer this may due
to the scattering of the carrier from the
surface and the ionized impurities [24].

Table 2: Some electrical parameters of CdTe films
For different duration times without CdCl, Layer.

(5d.cx]-0_5

Hx10™

Duration of Ru N Tp
annealing (Q.cm)* cm¥C  ocm®  cm¥V.s pS
As deposited  2.58 58.17 1.1E+17 149 0.89%4
60 min. 1.88 15.12 4.1E+17 2.8 0.232
120 min. 0.79 508 1.2E+18 0.41 0.078
180 min. 0.56 042 15E+19 0.003 0.006
Table 3: Some electrical parameters of the CdTe films
for different duration times with CdCl, Layer.
Duration of 64.x10° Ry Ny i T
annealing (Q.cm)! cm¥C  ocm®  cm*V.s S
As deposited  4.91 1693 3.7E+15 83.131 26.03
60 min. 1.19 587 1.1E+16 6.977 9.03
120 min. 0.17 198 3.1E+16 0.341 3.05
180 min. 0.03 43  1.4E+17 0.014 0.67
Conclusions
Structural  improvement enhanced by References

increasing duration times of annealing and
this improvement been more effective in
presence of CdCl, layer. The different
duration times of annealing enhances the
structure toward the (111) plane, but the
CdCl, enhances the structure toward the
(400) plane. CdCl, layer caused a slightly
decrease in the average Ei. The
conductivity of films with CdCl; layer three
orders of magnitude higher than it without
CdCl, layer while it is decreased with
increasing the duration times of annealing
without and with CdCl, layer. Hall
measurement showed that CdTe films at
different duration times of annealing without
and with CdCl; layer were p-type.
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