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followed by annealing for different duration times to modify the CdCl2 role, _
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promising material for use in thin film

Introduction devices spatially for solar cells [3]. Its

[1-VI semiconductors compounds optimum band gap energy is 1.45 eV,
are potentially important because of their which corresponds closely to sunlight
low cost, high efficiency and stable spectrum and suitable for the efficient
performance.  1I-VI  semiconductors photo conversion. CdTe has a direct
compounds  of  considerable interest transition type band structure, so the
because of their extensive use in the absorption coefficient is larger for light
fabrication of transistors, heterojunction with wavelength below the absorption
diodes, space charge limited diodes, edge, so that it is used as absorber for solar
photovoltaic devices, photoconductors, IR cells and successful development of high
detectors and solar cells [1, 2]. Cadmium efficiency solar cells and modules [4, 5].
telluride (CdTe) is one of the few II-VI The calculated theoretical efficiency for
compounds CdTe which is a very CdTe solar cells has been estimated at
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around 29% but in practicality efficiency
has only reached 16.5% [3, 6]. On the
other hand, cadmium sulphide (CdS), is
known to act as a very suitable window
layer for CulnSe, and CdTe based solar
cells [4]. The band gap energy of CdS
films exists near the photon energy of
maximum solar radiation spectrum;
however, the CdS films are prepared as
thin as possible to avoid optical
transmission losses [4]. The quality is
improved by increasing the degree of
crystallinity and reducing dislocation
effects through annealing. The CdCl, heat
treatment can be improved over all
performance of the devices [3]. Treatment
with CdCl; during annealing of CdTe/CdS
heterojunctions, after deposition and the
effects on the structure and composition of
the cells has been the subject of various
studies. Yet, no conclusive picture of the
role of Cl or of the extent to which S and
Te interdiffuse has been obtained. a
mechanism for the recrystallization of
CdTe, which involves the formation of a
liquid Te-Cl phase during annealing [4].

properties of the films after being
subjected to chemical treatment in
saturated solution of CdCl, in the

methanol followed by thermal annealing
between 400°C and 500°C for 30 min. The
exact mechanism for the improvement in
efficiencies after treatment is still under
investigation, but some of the observed
effects are: inter-diffusion of S and Te in
the junction, forming CdSyTe (1« decrease
in the interface state density and grain
growth and the passivation of the grain
boundaries [4].

Experimental Work

A polycrystalline CdTe thin film about
800 nm thick have prepared by thermal
evaporation technique by using the
Edward E306A coating system (in thin
films laboratory - college of science -
university of Baghdad), the chamber was
evacuated to a pressure of about 10 mbar
on 7059 corning glass slides from CdTe
powder of 99.999% purity, the substrate
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temperature kept at 373 K and the distance
between the substrate and the molybdenum
boat (source) was kept at 20 cm. CdS thin
films of 100nm thick have deposited on
the CdTe thin film by thermal evaporation
technique by using the same coating
system from CdS powder of 99.999%
purity. The prepared heterojunction have
divided into two groups; the first annealed
at 523 K for different duration times of
annealing 60 and 120 min’s, under vacuum
of 30 mbar by using Memert oven. The
second heat treated in presence of CdCl,
thin films (which prepared at the same
condition that of CdTe and CdS thin films)
of 100 nm thickness and also annealed at
523 K for different duration times of
annealing 60 and 120 min’s.

X-ray diffraction technique was used to
investigate the heterojunction structures.
The experiments were carried out using Cu
K. radiation of average wavelength
1.54056 A. It was operated with a target
current and voltage of 25mA and 40 kV
respectively. The diffraction pattern was
recorded between 26=(10°-60°). By
comparing the interplaner distance for
different planes (dnw) value with ASTM
card for CdTe and CdS have been
examined the structure. The grain size (D)
was calculated using XRD analysis from
Scherrer relation [7]

D=0.94/Bcos O

Where A is X-ray wavelength, g is the
angular width at half maximum intensity
(full width at half maximum intensity
(FWHM)) and 0 is the diffraction angle
(Bragg angle). The grain size was
calculated using FWHM of (111) plane.

Results and Discussion

The diffraction pattern spectra of
CdS/CdTe heterojunction annealed under
vacuum at 523 K for different duration
times of annealing without and with CdCl,
heat treatment are illustrated in Figures 1
and 2 respectively.
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Fig.(1) XRD spectra for CdS/CdTe heterojunctio without CdCl, heat
treatment for different duration times of annealing.
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Fig.(2) XRD spectra for CdS/CdTe heterojunction with CdCl, heat

treatment for different duration of annealing.

The spectra of the as prepared and
annealed CdS/CdTe heterojunction have a
polycrystalline structure consist of cubic
(zinc blend structure) and hexagonal
(wurtizite structure) phases, these figures
show a good agreement with ASTM cards.
Similar results have been observed by
many researches which have prepared
CdS/CdTe heterojunction with different
preparation methods and conditions, Heiba
[2], Al Dhafiri [7], Enriques and Mathew
[8], Myeres et al [5], Lee et al [6],
Nakamura et al [7], Mountinho et al [8],
Bayhan and Ercgelebi [9], Shalimova et al
[10], Pandey et al [11], Arizp-Chaves et al
[12], Latitha et al [13], Chandra et al [14]
and Romeo et al [15].The XRD parameters
of CdS/CdTe heterojunction annealed
under vacuum at 523 K for different
duration times of annealing without and
with CdCl; heat treatment are tabulated in
Table 1.

1. The effect of variation duration times
of annealing

The as prepared and annealed CdS/CdTe
heterojunctions without and with CdCl,
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heat treatment as it shown in figure land 2
respectivily, exhibit a strong preferred
orientation of CdTe along the (111) planes
parallel to substrate, as well as the weak
reflections at (002) of CdS, (110) and
(311) planes of CdTe, but the XRD spectra
CdS/CdTe heterojunctions with CdCl; heat
treatment annealed at different duration
times of annealing (60 and 120 min’s)
have shown that the formation of oxide of
CdTe as CdTe,Ox is evident at 15.1°
correspond to CdTeOs, and the thermally
grown oxides begin to decrease, as we can
see from the spectra in figure 2. The
formation of oxide Te as TeOy observed at
38.2° corresponds to TeO, is appeared at
CdS/CdTe heterojunctions with CdCl; heat
treatment annealed at 60 and 120 min’s.

The XRD spectra for the annealed at
523 K for different duration times of
annealing (60 and 120 min’s) show
crystallinity improvement, the intensity of
CdTe (111) cubic plane and CdS (002)
hexagonal plane have been increased,
indicating that the degree of preferential
orientation  toward this  directions
increased, and the intensities of CdTe
(110) and (311) planes have been
decreased, the FWHM of the peak
decreased, such crystallinity improvements
with increasing the time of annealing have
observed by Al-Dhafiri [7] and Enriques
and Mathew [8]. There is slight shift in
peak position was observed in (111) plane
towards the higher diffraction angle
(smaller lattice parameter), due to thermal
stress [15], it may be attributed to the
dependence on  composition  which
includes the stochiometry of CdTe
compound [9, 10]. The crystal structure
improvement is due to rearrangement in
the CdS/CdTe crystallites [7, 16]. The
increase in intensity with increasing the
duration times of annealing may be
permitting  better grain growth by
maintaining the preference for the (111)
plane [8]. While The XRD spectra for the
annealed at 523 K for different duration
times of annealing (60 and 120 min’s) with
CdCl, heat treatment show crystallinity
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improvement, the intensity of CdTe (111),
(110) and (311) planes and CdS (002)
hexagonal plane have been increased, the
FWHM of the peak decreased, there is
slight shift in peak position was observed
in (111) plane towards the higher
diffraction  angle  (smaller lattice
parameter). CdTe grains mixed with
oxygen atoms (CdTeOs) crystallite grains
in a strongly stressed environment [8].
Oxygen diffusion into 1-VI
semiconductors up on annealing was
assumed by many authors Sundri et al [1],
Heiba [2], Enriques and Mathew [8],
Raturi 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™2 m is smaller than
Cd atom of 97x10* m or Te atoms of
207x10™ m [2, 12, 19], substitutional
oxygen atoms may shrink the lattice which
finally becomes distortioned [12]. The
high reactivity of oxygen to Te atoms leads
to formation TeO,. Heating CdTe is
accompanied by losses in weight which is
attributed to the evaporation of the highly
volatie Te, then The vacancies have
created in the lattice and provide possible
way for oxygen to diffuse into the lattice

[2]

2. The effect of CdCl, heat treatment on
CdS/CdTe heterojunction

The XRD spectra are presented in
figures 3, 4 and 5 showing the influence of
CdCl, heat treatment on CdS/CdTe
heterojunctions for 523 K at various
duration times of annealing (60 and 120
min’s). The as prepared CdTe thin film
heat treated with CdCl; has (111) preferred
orientation, but loss in orientation at 120
min. Generally as comparing the structural
properties of CdS/CdTe heterojunctions
without and with CdCl, heat treatment, the
intensities have increased and the FWHM
of peaks have decreased considerably after
CdCl; heat treatment, this results show that
this heat treatment enhance the
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recrystallization of films, it can be
observed the values of grain size of (111)
planes for CdTe without and with heat
treatment. The CdCl, heat treatment causes
chloride ion (CI) moves via grain
boundaries diffusion through the CdTe site
which is due to the fact that CI" atomic
radius 97x10™ m is expected to substitute
over telluride atoms 207x10™2 m or
cadmium atom 169x10™2 m [11, 19].

(111) CdTe
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Fig.(3) XRD spectra for CdS/CdTe heterojunction as deposited
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Fig.(4) XRD spectra for CdS/CdTe heterojunction annealed
at 573 K for 60 min.
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Fig.(5) XRD spectra for CdS/CdTe heterojunction annealed at 573 K
for 120 min.

The crystallinity will in turn affect
the defect density [20], this means that the
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presence of CdCl, eliminates the effect of
the defect density [20, 21]. The presence
of CdCl, enhances recrystallization and
grain growth due to decrease the inter
grain pore size and increase in the grain
size causes widening of grain boundaries
[19, 22].

The grain size results show that a
small fluctuation in this values were noted
as the duration times of annealing was
increased as shown in figure 6 and
tabulated in Table 1. In the other hand our
results show a significant increase of grain
size was obtained for heat treated CdTe
with CdCl,, hence the CdCl, acts like a

Conclusions

The CdS/CdTe heterojunctions
with CdCl, heat treatment show better
crystal structure by increasing the average
grain size from 1.66 A to 8.29 A and
affecting the preferred orientation of the
(111) CdTe layers. The recrystallization of
films enhanced thermally.
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sintering flux as small grain grow and
coalesce of grain boundaries [12, 23], such
structural improvement and increasing the
grain size after CdCl, heat treatment and
annealing were observed by Romio et al
[23], Romio et al [24] and Rami et al [4].

The dh Spacing is shown in Table
1 for CdTe and CdS without and with
CdCl, heat treatment. As comparing the
experimental values with the standard,
these values are good agreement with the
values presented by ASTM cards. There is
no significant change observed in dpy
values after annealing.
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Fig.(6) The variation of grian size of (111) plane of CdTe

versus duration times of annealing
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Table -1-The XRD parameters for CdS/CdTe heterojunctions without and with CdCl, heat treatment
heat treatment for the as prepared and annealed films at 523K for different duration times of

annealing
CdS/CdTe heterojunction without CdCl, heat treatment
hkl 20 (NMdstan_ Osan(A)  (Mexp, oo (A)  structure  Material  D(111)A
111 | 237 100 3.747 44.6 3.751 cub. CdTe 1.3754
EilmR.T 002 | 265 91 3.36 1.942 3.361 hex. CdS
110 [ 39.2 60 2.287 5.547 2.296 hex. CdTe
311 | 46.4 30 1.928 2.988 1.955 cub. CdTe
111 | 23.77 100 3.747 66.23 3.74 cub. CdTe 1.5742
filmatt,=60 | 002 [ 26.5 91 3.36 2.017 2.296 hex. CdS
min. 110 [ 39.2 60 2.287 416 2.296 hex. CdTe
311 | 46.4 30 1.928 2.584 1.955 cub. CdTe
111 | 23.8 100 3.747 81.4 3.735 cub. CdTe 2.0241
002 | 26.5 91 3.36 2.295 3.361 hex. CdS -
film at ta=120 |_110 | 39.2 60 2.287 3.164 2.296 hex. CdTe -
min. 311 | 46.4 30 1.928 1.904 1.955 cub. CdTe -
CdS/CdTe heterojunction with CdCl, heat treatment
hkl 20 (NQstan  Osan (A (Mexp,  dexp(A)  structure  Material  D(111)A
- 15.1 - - 6.884 - - CdTeO, -
111 | 23.72 100 3.747 68.33 3.748 cub. CdTe 3.2198
FilmR.T 002 | 26.5 91 3.36 2.269 3.361 hex. Cds
110 [ 39.2 60 2.287 8.396 2.296 hex. CdTe
311 | 46.4 30 1.928 3.631 1.955 cub. CdTe
- 15.1 - - 4.249 - - CdTeO;
111 | 23.72 100 3.747 88.17 3.748 cub. CdTe 5.9029
filmatt,=60 | 002 [ 26.5 91 3.36 2.622 3.361 hex. CdsS
min. - | 382 : : 0.996 : - TeO,
110 | 39.2 60 2.287 12.48 2.296 hex. CdTe
311 | 46.4 30 1.928 5.245 1.955 cub. CdTe
- 15.1 - - 3.24 - - CdTeO,
111 | 23.77 100 3.747 100 5.862 cub. CdTe 15.742
002 | 265 91 3.36 4.034 1.955 hex. CdS -
- 38.2 - - 2.131 - - TeO, -
film at ta=120 | 110 | 39.2 60 2.287 19.78 2.296 hex. CdTe -
min. 311 | 46.4 30 1.928 7.237 1.955 cub. CdTe -
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