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Abstract Cd-enriched cadmium telluride (CdTe)
polycrystalline films were grown on corning glass
substrates by close spaced sublimation (CSS) tech-
nique. To our knowledge, Cd-enriched CdTe thin films
by CSS have not been reported earlier. The structural
investigations performed by means of X-ray diffraction
(XRD) technique, scanning electron microscope
(SEM), and energy dispersive X-ray spectroscopy
(EDX) showed that the deposited films exhibit a
polycrystalline structure with (111) as preferred orien-
tation. The structural, optical, and electrical properties
of these films were analyzed as a function of the Cd
concentration. For the films having an excess of Cd, the
electrical resistivity dropped several orders of magni-
tude. The deposited films also showed that the value of
resistivity decreased with increasing temperature man-
ifesting the semiconducting behavior of the films. The
results showed that using this deposition technique, n-
type Cd-enriched CdTe polycrystalline film could be
produced.
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Introduction

CdTe is II-VI semiconductor material quite appropri-
ate for applications to solar energy conversion
devices.' The employment of this semiconductor as
solar cell material has been limited basically by eco-
nomical factors. An important reduction in the cost of
solar cells can be achieved by preparing doped poly-
crystalline thin films of appropriate quality. CdTe thin
films can be prepared by several growth techniques.*"”
However, the best CdTe thin-film-based solar cells have
been fabricated using CSS method; this is one of the
various techniques with large area manufacturing
potential due to its high throughput and efficient
material utilization.”” Thin films prepared by close
spaced sublimation technique have distinct novel fea-
tures, such as large grain sizes, well-defined preferential
orientation, and relatively high absorption coefficients
needed in the fabrication of solar cells material. This
article deals with the analysis of some physical proper-
ties of Cd-rich CdTe thin films prepared by CSS method.

Experimental

CdTe thin films were deposited on the corning glass
substrates. The deposition of CdTe thin films by the
CSS technique is based on the following reversible
dissociation of CdTe at high temperature:

ZCdTe(S> = ZCd(g) + Tez(g> (1)

A very small distance of about 4 mm separates a
CdTe source and a substrate. The source is maintained
at a higher temperature than the substrate. At a high
temperature, the source CdTe dissociates into its
constituent elements (Cd and Te), and then they
recombine on the substrate surface, which is at a lower
temperature.
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The source material (CdTe 99.999% purity) was
placed in a graphite sublimation cast. The substrate
was first cleaned with IPA bath in an ultrasonic
cleaner for 60 min and then cleaned by lint free tissue
with the help of tweezers and finger cots to avoid
fingerprints on glass. It was then kept in the desicca-
tors for drying. The substrate was then supported by
the cast and kept in a close proximity to the source
material. The vacuum chamber was then closed and
allowed to evacuate by a rotary vane pump. The
chamber was kept for evacuation for 1 h each time
and vacuum reaches approximately 10~ mbar depend-
ing on the source temperature. The source and
substrates could be maintained at the desired tem-
perature as they were heated and controlled sepa-
rately. Two K-type thermocouples were used to
monitor the temperatures of the source and the
substrate during the evaporation process. The tem-
peratures of the source and substrate were maintained
at 500 and 350°C, respectively. The deposition time
was 5 min. The film was then kept at substrate
temperature until the temperature of source became
lower than the substrate temperature. After that the
substrate heater was switched off to allow cooling to
~40°C before opening the vacuum chamber. By using
the automatic temperature controller for heating the
source and substrate, the quality of the film was quite
improved. After the deposition of CdTe, Cd (99.99%
purity) was deposited on these films used as substrate
by the same technique. The source (Cd) and substrate
temperatures were 350 and 250°C respectively. After
deposition the films were removed from the chamber
and different properties were studied.

The compositions of the samples were determined
by EDX attached with the scanning electron micros-
copy (SEM). The structure of the samples was studied
by X-ray diffraction (XRD) technique. Resistivity of
samples was measured (with van der Pauw geometry
contacts) and with two probes method at room
temperature.

Results and discussions
X-ray diffraction studies

The structure of the deposited films was studied by
using XRD technique with Cu-K, radiation
(2 =1.5418 A). The XRD patterns of the as-deposited
sample and Cd-enriched CdTe samples are presented
in Fig. 1. The main reflection of all the samples is the
same and can be indexed based on a cubic CdTe
lattice."” The strong (111) reflection in the patterns
indicates a preferential orientation of [111] in films as
already reported for thermally evaporated CdTe thin
films.?' The low intensity of other peaks suggests a few
other oriented grains. The position of (111) crystalline
line shifts slightly to higher angular position as Cd
concentration is increased. The lattice constant for
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Fig. 1: The XRD patterns of the as-deposited sample Sl and
Cd-enriched samples

each sample was calculated from the diffraction spectra
using Bragg law and angular position of (111) diffrac-
tion peak. From the full-width at half maximum
(FWHM) of the diffraction peaks one may estimate
the average grain diameter d of polycrystalline mate-
rials by applying the Scherrer formula:

d(A) = ki(A)/D cos 0 (2)

where the Scherrer constant k is equal to 0.9,%* D is the
full width at half maximum in radians and 0 is the
Bragg angle in degrees corresponding to the maximum
peak intensity. In this way the average grain size in our
as-deposited sample comes out to be 490 nm.

The lattice constant decreases as Cd concentration is
increased. The incorporation of extra Cd reduces the
lattice constant due to reduction in the bond length
produced by the interstitial Cd atoms in CdTe lattice.
The calculated values of lattice constants for all
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Table 1: Composition of Cd and Te in as-deposited and
Cd-riched CdTe samples

Sr. No. Sample Cd Te Lattice _
name (at.%) (at.%) constant (A)
1 Sl (as deposited) 44.69 55.31 6.48
2 Sli 46.41 53.59 6.46
3 Slil 48.07 51.93 6.45
4 SIv 50.54 49.46 6.43
5 SV 51.77 48.23 6.42
3 SVI 52.06 47.94 6.40
7 Svil 52.14 47.86 6.38

samples are given Table 1. It has been seen that the
glass substrate and its crystallographic orientations
have no effect on the growth of CdTe thin films.
Similar results have been reported by Mane et al.>

Morphology studies

JEOL JSM SEM along with energy dispersive X-ray
spectroscopy (EDX) attachment (INCA 200; Oxford
Instruments, UK) is used to investigate the elemental
composition of Cd-riched CdTe samples. Typical EDX
patterns and detail of relative analysis of the samples
are given in Figs. 2a and 2b. The elemental analysis
was carried out only for Cd and Te. The EDX analysis
of the samples to the actual contents of Cd and Te is
given in Table 1. The EDX results show the Cd
content in sample SI-SVII increases, which indicates
that Cd has been doped into CdTe films by this
technique.
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Fig. 2: (a) EDX spectra of the prepared sample Sl. (b) EDX
spectra of the prepared Cd-enriched sample SVII

Fig. 3: (a) SEM images of the as-deposited sample S1. (b)
SEM images of the Cd-enriched sample SV. (c) SEM images
of the Cd-enriched sample SVII

The morphology and microstructure of samples
were analyzed by SEM, and reveal that the Cd-
enriched CdTe samples using CSS have a significant
change in the shape and size. As a result, different
microstructure and morphology are created. SEM
images of as-deposited and Cd-enriched CdTe samples
are given in Figs. 3a-3c.

Optical analysis

The deposition parameters were selected to reduce
the surface roughness. However, it is known that the
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CSS method results in rough surface films when
compared with other methods. The transmittance T
spectra (in the range 350-2500 nm) were recorded for
as-deposited CdTe and Cd-enriched CdTe samples
using Perkin—-Elmer, Lambda 900, UV-VIS/NIR
spectrophotometer with UV-Winlab software. The
examination of the deposited samples in the large
wavelength span of the spectrum is possible because
our substrates show more than 90% transmission for
visible to far infrared wavelengths. Usually CdTe
films have a high absorptlon in the region of visible
and near infrared.'® Indeed, the same was observed in
the films deposited during this study. The transmit-
tance spectrum of the enriched samples did not
change significantly after the optimization of heat
treatment for 30 min, which ensured the diffusion of
Cd in the samples.

The transmittance decreases with the increase of Cd
content as shown in Figs. 4a—4c. It is clear from the
figure that the Cd has strongly affected the transmit-
tance. The Cd present in the samples shows high
absorption in the respective region.

Electrical analysis

The electrical properties of semiconductor thin films
strongly depend on the factors like film compositions,
ambient conditions like temperature and exposure to
light. We have checked dark electrical resistivity as a
function of Cd concentration for the SI-SVII samples.
The direct method of measuring electrical resistivity,
or sheet resmtance of a prepared rectangular sample is
described.** For electrical measurement, very low
resistance silver wires and silver paste for ohmic
contacts were used and all measurements were per-
formed at room temperature.

Due to the formation of Cd vacancies in CdTe
lattice acting as acceptor centers, CdTe films prepared
by different technlques have generally high electrical
resistivity (10’-10” Qem), and with slightly p-type
conductivity, on the other hand, an excess of Cd atoms
located interstitially can produce n-type CdTe sam-
ples.”

Figure 5 shows the dark electrical resistivity as a
function of Cd concentration for all the samples. It is
clear from the figure that the r651st1V1ty of the samples
having an excess of Te is around 10® Qcm, which drops
to about 10° Qcm on Cd concentration approximately
reaching 52 at.%. The result shows that samples having
excess of Te contain a small amount of crystalline Te
which is embedded in the CdTe structure and gradually
disappears with the increasing of Cd. It is also known
that the CdTe structure in these samples contains Cd
vacancies, which account for the p-type conductivity
and therefore, making it difficult for the n-type doping
of this material. The electrical resistivity of these
samples changes with increasing Cd concentration. It is
clear that the incorporation of Cd first prevents the
formation of crystalline Te and then inhibits the
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Fig. 4: (a) Transmittance spectra of sample Sl. (b) Trans-
mittance spectra of sample SIV. (c) Transmittance spectra
of sample SVII

formation of Cd vacancies. At about 50.5 at.% of Cd,
the vacancies have been drastically reduced and the
incorporation of more Cd probably goes to the
interstitial positions in the CdTe lattice. It means that
the electrical parameters change as soon as the Cd
exceeds the stoichiometric composition indicating an
effective enriching by the interstitial Cd.

The temperature-dependent dark resistivity of Cd-
enriched CdTe thin films was measured and found that
the dark resistivity decreases with increasing temper-
ature, which shows the semiconducting behavior of the
films.
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Fig. 5: Dark electrical resistivity as a function of Cd
concentration for all the samples

Conclusions

The present work demonstrates the preparation of Cd-
enriched CdTe thin films by CSS technique and their
characterization. The experimental results show that
the position of (111) crystalline line shifts slightly to
higher angular position as Cd concentration is
increased. The lattice constant decreases as Cd con-
centration is increased. The incorporation of extra Cd
reduces the lattice constant due to reduction in the
bond length, which is produced by the interstitial Cd
atoms in CdTe lattice. The Cd-enriched CdTe samples
using CSS have a significant change in the shape and
size. As a result, different microstructure and mor-
phology are created. The EDX results show the Cd
content in samples increases, which indicates that Cd
has been doped into CdTe films by this technique. The
Cd has strongly affected the transmittance. The trans-
mittance decreases with the increase of Cd content.
The Cd present in the samples shows high absorption
in the respective region. It also shows that as-deposited
CdTe films have high electrical resistivity
~3.48 x 10° Qcm and are slightly p-type conductivity,
due to the formation of Cd vacancies in the CdTe
lattice acting as acceptor centers. The electrical resis-
tivity of CdTe samples with an excess of Cd atoms
drops several orders of magnitude, i.e. 1.03 x 10° Qcm
and the conductivity goes from p-type to n-type when
the composition of the films goes from Te rich to Cd
rich. The results presented here indicate that n-type
doping can be achieved when interstitial Cd atoms are
incorporated in the CdTe lattice.
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