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ABSTRACT

Te rich CdTe thin films have been prepared by
spray pyrotysis technique using a complexing agent
Ethylene-Diamine-Tetra-Acetic acid (EDTA) in the
precursor solution. The films are characterized using
XRD, XPS and PL techniques. XRD studies indicates that
the films consist of a mixture of CdTe and Te and the Te
peak intensity varies with EDTA concentration. XPS
study infers that there is a change over in chemical
environment of Te. A broad photoluminescence peak at
1.40 eV is observed in the films with no complexing agent,
which can be resolved into two peaks 1.43 and 1.40 eV.
The intensities of both peaks increases with EDTA
concentration. The stoichiometry in the films can be
controlled by varying EDTA concentration, which is
because of Cd ions forming stable complexes with EDTA.
This hinders the CdTe formation and leaves Te in the
elemental form.

1. INTRODUCTION

Chemical routes for CdTe deposition have
shown great potential for photovoltaic applications
because of simple and economical techniques used [1-3].
The properties of thin films deposited using chemical
techniques can be easily modified using complexing
agents (CA) in the precursor solution because of formation
of complexes with the metal ions [3-9]. Murase et. al.[3]
studied the electroplated CdTe thin films from basic
aqueous solution containing ethylenediamine as a
complexing agent and reported the variation in
stoichiometry of the CdTe film. Sodium citrate
complexing agent has been used in electroplating of
CuInSe? thin films for depositing the three elements
simultaneously by bringing the individual potentials to
nearly same value [4].

One of the key issues in manufacturing
CdTe/CdS thin film solar cell is the formation of ohmic
and stable back contact. It is very difficult to prepare a
highly doped p-CdTe thin film for low resistance contact
because of its self-compensation effect [10-11], The back
contact commonly consists of a few nm thick elemental Te
layer formed by etching with NP-etch or Br-methanol etch
to create a p+ layer for psuedo-ohmic contact. The adverse
effects of chemical etching process are formation of
metastable Te-rich CdTe surface and widening of the grain
boundaries which leads to the diffusion of back contact
metal easily via Vcd states and along Te-rich grain
boundaries [15].

Therefore, the best strategy will be to introduce
a thin Te rich CdTe layer as part of the absorber layer
deposition process. Since the complexing agents form
stable complexes with metal cations, this can be a
convenient method for preparation of CdTe thin films,
which provide controlled stoichiometry and will be
particularly useful for preparing Te rich films on the
surface of p-CdTe. In the present study we have used
Ethylene-diamine-tetra-acetic acid (EDTA) as a
complexing agent in the precursor solution and have
demonstrated the preparation of CdTe-Te films with
varying Te composition using spray pyrolysis technique.

2. EXPERIMENTAL DETAILS

The spray solution is prepared from a mixture of
water, ammonium hydroxide, hydrazine hydride and
hydrochloric acid. Cadmium and tellurium are added in
the form of cadmium chloride (CdCl2) and tellurium oxide
(TeO2) with concentration of ~ 0.02 M. Hydrazine
hydride is used as a reducing agent to obtain TeJ" ions
from the Te4+ ions [17]. Ethylene Diaroine Tetra Acidic
Acid (EDTA) is added as a complexing agent for the spray
solution with the concentration of 0.02M and 0.05M
Solution pH value is adjusted to 11.2 by the addition of
hydrochloric acid. Flow rate of the solution is ~ 1-1.5
ml/min for the deposition on glass substrates kept at 400
°C during spray.

Rigaku RU-200B X-ray diffractometer having
CuK^ radiation source has been used for crystallographic
structure studies in a fixed 9 of Glancing Angle incidence
(G1XRD) mode. X-ray photoelectron spectroscopy
analysis is performed in a Shimadzu ESCA 750 system
with a base pressure of 2 x 10"' pa. Samples are excited
with 1253.6 eV energy Mg K,, X-rays for studying the
core energy levels. Photoluminescence measurements are
carried out using a 300 W Xe arc lamp as the excitation
source after selecting the monochromatic light from the
Oriel monochromator. The samples are kept at 78 K and
the photoluminescence is recorded in the energy (hv)
range from 1.25 to 1.6 eV . Hamamatsu photomultiplier
has been used as a detector. In the following discussion
CdTe films deposited without complexing agent is
referred to as sample A, films deposited with EDTA of
0.02M as sample B and films with EDTA of 0.05M as
sample C.

3. RESULTS AND DISCUSSION

The presence of complexing agent in the
precursor solution gives smooth film and shows more
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homogeneous distribution of grains than the films
deposited without complexing agent. With increasing
EDTA concentration the grain size is reduced. It infers
that the surface morphology is dependent on EDTA
concentration. Similar type of granular structure was also
observed for the Te rich CdTe films by electroplating after
using ethylenediamine as a complexing agent in the
electrochemical bath [3].

X-ray diffraction studies are carried out to
determine structure and the phases in the films. Films are
polycrystalline with random orientation and show no sign
of texturing. Fig.2 shows the XRD patterns of the samples
A, B and C. Sample A shows CdTe sharp peaks from
(111), (220) and (311) planes of the cubic phase, the peak
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positions are in good agreement with the standard ASTM
X-ray Powder file data (15-770) for cubic CdTe. Along
with CdTe the satellite CdTeO3 peaks are also observed-
On the other hand films deposited with complexing agent
EDTA show additional peaks of Te also. The Te peak
intensity increases with EDTA concentration, whereas the
peak intensity of CdTe phase is decreased. The additional
tellurium peaks are from (100), (101) and (102) planes of
the hexagonal phase for sample C. Peak positions are
agreement with standard ASTM X-ray Powder file data
(4-554) for hexagonal Te.

EDTA reacts with Cd ions to form very stable
complexes. It is a less volatile hexadentate chelating agent
that reacts with metal cations to form very stable
complexes [18]. Then the cations (Cd+2) are released at a
slower rate during the pyrolytic reaction on the hot
substrate that leaves the anions (Te'2) free leading to the
formation of Te rich CdTe film. One can see clearly in
Fig 2(b), when the same amount of EDTA (0.02 M)
present in the CdTe (0.02 M) precursor solution, it is
promoting the CdTe in (111) oriented growth and having
nearly equal intense Te (101) peak. Thus the molar ratio
of EDTA to the total metal cation is very important for
controlling the stoichiometry of the compound
semiconducting films. Similar observations were made
for electroplated CdTe thin films after using the
ethylenediamine as a complexing agent [3], Similar peaks
of Te are also observed in case of non-stoichiometric
CdTe films deposited with physical vapor deposition [19],

For understanding the Te chemical environment
X-ray photoelectron spectroscopy study on Te 3d core
levels is carrier out. The XPS spectra in Fig. 3 clearly
show the shift in Te binding energy of 3d5/2 core electron
from 573.0 to 576.5 eV [20] after using the complexing

Fig:l X-ray diffraction pattern of CdTe thin films a)
without complexing agent (b)with EDTA=0.02M (c)
EDTA = 0.05
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Fig:2 Te 3ds/2 spectra for films deposited (a) without
complexing agent (b) with EDTA= 0.02M (c) EDTA =
0.05M
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agent. In sample A, Te is existing mainly in Te2' state
from Te-Cd bond, along with a satellite peak of Te4+ state
due to surface oxidation of Te. In sample B, Te 3dS/2 state
split into two peaks with nearly equal intensity means Te
exists in both the states, since Cd availability is partially
reduced and Te is equally distributed (Te-Cd and Te-O).
The complete change over in chemical environment is
observed in case of sample C, where peak corresponding
to the Te-O environment increases at the expense of the
Cd-Te peak confirming the role of EDTA in restricting the
release of Cd for CdTe formation and leaving Te in
elemental form.

Photoluminescence spectra of the CdTe film
deposited without complexing agent and film deposited
with EDTA = 0.05 M are shown in Fig. 3. The
luminescence near band edge and due to the exciton in
CdTe film is absent. It could be due to the polycrystalline
nature, the grain boundaries generally provide an effective
route for nonradiative process. The broad luminescence
band near 1.4 eV in Fig. 3(a) of sample A shows that
the luminescence process is non elementary. After
deconvolution we can resolve it into two peaks at
1.43 eV and 1.40 eV, In case of sample C as shown
in Fig. 3(b) the Photoluminescence intensity of both
the peaks is enhanced, and satellite peaks at 1.49 and
1.33 eV are also observed.

1-250 i.too
Entrgy

Fig:3 PL emission from thin films of CdTe (a) without
complexing agent (b) with EDTA = 0.05M

Popovich et.al.[21] reported that the broadness
of 1.4 eV band was due to the convolution of the two
peaks, those peaks can not be resolved at liquid nitrogen
temperature. The deconvoluted peaks 1.43 and 1.40 eV
have been identified to arise due to Te interstitials and
(Vcd-CITe) complex formation. The ] .43 eV peak is due to
the radiative transition from the conduction band to
acceptor level and the 1.40 eV peak corresponds to donor
level to the acceptor level transition [22], The change in

intensity of peak emission with measuring temperature
shows that the both are band-defect recombination. The
defect band intensity increases with EDTA concentration
in confirmation with the presence of elemental Te in films.
The 1.426 eV and 1.40 eV peaks have been found to
dominate the spectrum of Te-rich films and peaks intensity
increases with annealing in presence of Te [22. The origin
of satellite peak at 1.49 eV is associated with cadmium
vacancy acceptor complex [23].

Total reflectance curves obtained with
spectrophotometer having integrating sphere attachment
shows the increased reflectance values for CdTe samples
deposited with complexing agent in the photon energy
range 1.7 to 3.7 eV due to the Te metallic cluster
formation on the surface compared to films deposited
without complexing agent [24].

4. CONCLUSIONS

In conclusion, the role of complexing agent
(EDTA) to modify the properties of CdTe thin film
prepared by spray pyrolysis has been studied. The
concentration of complexing agent in spray solution can
be optimized to obtain Te rich CdTe films by keeping the
constant Cd(II)/Te(IV) concentration ratio and pH values.
The variation in Te concentration can be useful in
preparing Te rich surface as a part of deposition process,
which can make the contact formation a very easy process
for CdTe/CdS thin film solar cells.
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