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CdTe solar cells have a significant position in photovoltaic market due to their
¢ high efficiency and low cost. Among the various deposition techniques,

. electrochemical deposition offers simple and inexpensive method for CdTe
: fabrication. At a specific voltage, stoichiometric CdTe films can be obtained.
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: Since the reduction potential of tellurium ions is more positive than that of
: cadmium ions, anodic deviation from the stoichiometric voltage leads to
¢ tellurium-rich CdTe films, while cathodic deviation results in cadmium-rich
: CdTe films. In this study, CdTe thin films were electrochemically deposited at
: the stoichiometric voltage of 1600 mV, as well as at slightly anodic (1580 mV)
: and cathodic (1620 mV) voltages. Elemental analysis using energy dispersive

. spectroscopy (EDS) method revealed that the Cd/Te atomic ratios at 1580, 1600,
: and 1620 mV were 0.97, 1.00, and 1.03, respectively This finding indicates the
: formation of tellurium-rich, stoichiometric and cadmium-rich CdTe layers. X-
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: ray diffraction (XRD) analysis confirmed that all deposited layers were single
: phase CdTe without any secondary phases. The real thickness of the obtained
¢ films, measured via scanning electron microscopy (SEM) cross-sectional
: images, was compared with the theoretical thickness calculated from current-

: time curves. The obtained results revealed a decrease in deposition efficiency
¢ with cathodic deviation. Top-view SEM images showed that all CdTe layers
: consisted of micrometer sized dendritic structures. The obtained results
: demonstrate that by controlling deposition voltage, CdTe films with tailored
: stoichiometry can be produced, enabling precise control over their electrical
: properties for photovoltaic applications.
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Electrochemical deposition of CATE and investigating the effect of potential deviation from stoichiometric potential

Extended Abstract

Introduction:

Cadmium telluride (CdTe) is a promising
material as absorber layer in thin-film solar
cells, due to its optimal direct bandgap (~1.45
eV) and high absorption coefficient of sun light,
making it suitable candidate in photovoltaic
applications. Compared to silicon-based solar
cells, CdTe cells offer advantages such as cost-
effectiveness, lower material consumption, and
ease of large-scale fabrication. Among different
CdTe deposition techniques, electrochemical
deposition (ECD) is a simple, low-cost, and
scalable technique. The composition and
properties of CdTe films are highly dependent
on the deposition voltage. At a specific voltage,
which will be named as stoichiometric voltage,
CdTe layer with stoichiometric composition is
deposited. Since Te has a more positive
reduction potential than Cd, Te is more easily
reduced than Cd. As a result, anodic deviation
from stoichiometric voltage leads to deposition
of Te-rich CdTe layer and cathodic deviation
from stoichiometric voltage results in Cd-rich
CdTe layers. The ability to fine-tune the Cd/Te
molar ratio via controlling deposition voltage
can be useful to manipulate the electrical
properties of CdTe films. Accordingly, Te-rich
CdTe layer exhibits p-type behavior and Cd-
rich CdTe layer demonstrates n-type
characteristic. In the present work, the
influence of small deviation of CdTe deposition
potential from stoichiometric potential on
obtained CdTe layer was investigated.

Methodology

CdTe thin films were electrodeposited using
two-electrode configuration, with fluorine-
doped tin oxide (FTO) glass as the cathode and
a graphite rod as the anode. The electrolyte
consisted of cadmium sulfate (3CdS0O4.8H-0,
from Alfa-Aeasar) and tellurium oxide (TeO.,
from Kanto) dissolved in water/sulfuric acid
solution. The pH of obtained electrolyte was
adjusted to 3.14 = 0.01. The electrochemical
deposition of CdTe was performed at three
voltages: 1580 mV (anodic deviation), 1600
mV (stoichiometric voltage), and 1620 mV
(cathodic deviation). The CdTe layers were
deposited for 4 hours for all deposition
potentials. The temperature of electrolyte was
maintained at 70 °C. During deposition, the
electrolyte was stirred continuously and
vigorously. After deposition, the films were

rinsed with deionized water and dried under
nitrogen flow. The structural, compositional,
and morphological characteristics of the films
were analyzed using multiple techniques
including; X-ray diffraction (XRD) to
confirm phase purity and phase structure of
obtained layers, Scanning electron
microscopy (SEM) to examine surface
morphology and real thickness of deposited
CdTe layer and Energy-dispersive
spectroscopy (EDS) to determine elemental
composition and Cd/Te molar ratio. Current-
time (I-t) measurements were dome during
deposition to evaluate deposition kinetics and
to calculate theoretical thickness of obtained
layers.

Results and Discussion

XRD analysis confirmed that all films were
composed of the CdTe compound, without any
secondary phases. However, the preferred
orientation varied depending on deposition
voltage. The Te-rich film (1580 mV) exhibited
a strong preferential orientation along [111]
crystallographic direction. Grain size of
deposited CdTe layers was determined from
peak broadening of XRD pattern using
Williamson-Hall plot method. The grain size
was measured as 33 nm, 24 nm and 17 nm for
CdTe layers deposited at 1580, 1600 and 1620
mV, respectively. This finding may be due to
the increased nucleation driving force by
making deposition potential more cathodic.
Elemental analysis was done by EDS
measurement. According to these
measurements, the Cd/Te atomic ratios of 0.97,
1.00, and 1.03 was obtained for CdTe layers
electrochemically deposited at 1580, 1600, and
1620 mV, respectively. This confirmed the
expected shift in stoichiometry, with anodic
deposition leading to Te-rich films, while
cathodic deposition resulted in Cd-rich layers.
These compositional changes have direct
implications for electrical behavior, as Te-rich
films favor p-type conductivity due to excess
Te acceptor states, whereas Cd-rich films
exhibit n-type behavior due to Cd-induced
donor levels. By tuning deposition voltage,
intrinsic, p-type, and n-type CdTe films can be
selectively fabricated without external doping.
Real thickness of CdTe layers
electrochemically deposited at different
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potentials were determined from cross sectional
SEM images. For each sample, five SEM
images were obtained at different locations
along CdTe layer and the measured thicknesses
were averaged. The measurements revealed
real film thicknesses of 594 nm, 717 nm and
826 nm for CdTe layers electrochemically
deposited at deposition potentials of 1580, 1600
and 1620 mV, respectively. The theoretical
thickness of CdTe layers deposited at different
deposition potentials were calculated from I-t
curve according to Faraday’s law. The
theoretical thicknesses of 2130 nm, 2550 nm,
and 3570 nm were calculated for CdTe layers
electrochemically deposited at deposition
potentials of 1580, 1600 and 1620 mV,
respectively. The deposition efficiency was
calculated as the ratio of real thickness to
theoretical thickness. The observed reduction in
deposition efficiency at more cathodic voltages
is attributed to enhanced hydrogen evolution,
which competes with CdTe deposition and
lowers energy utilization efficiency.

Top-view SEM images showed all films had
dendritic  structures, with  micron-scale
branches composed of nanometer-sized grains.
Dendrite size increased with anodic deviation
and decreased with cathodic deviation from
stoichiometric  potential. This can be
demonstrated by considering higher nucleation
density at more cathodic potentials.

Conclusion

This study demonstrates that minor deviations
from the stoichiometric deposition potential
significantly affect the obtained CdTe layer.
XRD analysis confirmed single-phase CdTe
layer for all samples without any secondary
phases. EDS results indicated precise control
over Cd/Te molar ratio through voltage tuning,
allowing for fabrication of Cd-rich, Te-rich and
stoichiometric CdTe layers. The real and
theoretical thicknesses of CdTe layers
increased with increasing deposition potential.
Deposition efficiency decreased with cathodic
deviation may be due to competing hydrogen
evolution reaction. SEM analysis revealed
micrometer dendritic morphologies.
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2 Energy dispersive spectroscopy (EDS)
3 JCPDS file number

4 Anodic bias

5 Cathodic bias
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