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ARTICLE INFO ABSTRACT

The increasing energy demand and resulting decay in the conventional energy resources indicate to find viable
and affordable alternative resources. The cell efficiency and properties of absorber/window layers concerned can
be tailored by the different post-treatments and therefore an evolution of post-treatment atmosphere conditions
is undertaken in this work to enhance the performance of vapor proceed CdZnTe solar cells. Firstly, the mi-
crostructural and optical properties of absorber CdZnTe layer were optimized where films have zinc blende cubic
structure with maximum crystallinity for Ar + O, atmosphere while the energy band gap is influenced by the
annealing in different atmospheres. Secondly, CdZnTe solar cells were fabricated using vapor proceed technique
with device structure ITO/CdS/CdZnTe/Au and performance analysis is done by varying the atmosphere of post-
annealing treatment. The device treated at 400 °C in the Ar 4+ O, atmosphere has maximum cell efficiency of
8.49% and more trap-states crossed the Fermi level as confirmed by Mott-Schottky plots. The dopant density and
built-in potential are also evaluated. The findings of this work reveal that the efficiency of CdZnTe solar cells can
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be enhanced by the post-annealing treatment in different atmospheres.

1. Introduction

The continuous reduction in available conventional fossil fuel en-
ergy resources for the remaining 21 century needs to find viable and
economically affordable substitute energy resources. The burning of
fossil fuels also releases greenhouse gases into the environment which
contribute in the global warming as more than twenty-five million tons
of carbon dioxide has been delivered into the environment in a single
year. Therefore, non-polluting renewable energy resources are needed
as an essential substitute and among all the renewable energy re-
sources, solar energy is one of the best and freely available energy re-
source because it is directly obtained from the sun (Gogan et al., 2017;
Chander and Dhaka, 2016a). Apart from the conventional energy re-
sources, the photovoltaics is an enormous potential resource as the
performance of photovoltaic cell is very flexible power resource and
does not depend on the size of a photovoltaic plant. The most common
solar cell technology is wafer-based crystalline silicon but it has limited
stock which is a major barrier to reduce the cost. The thin film solar
cells have emerged as a competitor to crystalline silicon in the solar
photovoltaic industries and have low-cost vis-a-vis to the silicon solar
cell technology and cell industry. These devices are less efficient but

much cheaper to produce, rendering them a viable alternative
(Amarasinghe et al., 2018; Burst et al., 2016; Hegedus, 2006).
Polycrystalline cadmium telluride (CdTe) thin films are one of the
front prime candidates to develop cost-effective and reliable solar
photovoltaics where these solar cells and modules have cadmium sul-
fide (CdS) layer as n-type window layer in typical heterojunctions
(Ferekides et al., 2004). Sometimes CdTe solar cells have inherent
problems viz. suitablility of metal rear contact (in superstrate struc-
ture), high-density of surface states and large recombination rate of
absorber CdTe layer (Paudel and Yan, 2014; Paudel et al., 2015;
Wichrowska et al., 2018). The superstrate structure is the appropriate
device structure for CdTe solar cells. As per principle of detailed bal-
ance to the maximum limit, the efficiency beyond 33% of any solar cells
could only be attained by a tandem-structure having top (Eg ~ 1.7 eV)
and bottom (E; ~ 1 eV) absorber layers. These layers are connected in a
series combination (Yilmaz, 2012; Chander and Dhaka, 2017a) and
their combination also based upon the deposition process viz. two-
terminal and four-terminal devices. CdTe material does not have the
band gap required for the top layer but a compact solution of cadmium
telluride and zinc telluride can provide a band gap as required for top
layers by forming CdZnTe semiconducting material which is very
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Fig. 1. (a) A schematic device structure in superstrate configuration and (b) energy band diagram of fabricated CdZnTe solar cells.

promising as its optical bandgap can be tailored in the range of
1.45-2.26 eV (CdTe-ZnTe) by monitoring the composition of thin layers
(Rohatgi et al., 1988; Chander and Dhaka, 2016b). This material has
demonstrated a promising and competing candidature for solar photo-
voltaic applications in place of conventional CdTe material to avoid and
reduce the above-mentioned problems owing to its tunable bandgap
energy, stability, good electron-transport properties and almost unity
segregation coefficient of zinc (Rohatgi et al., 1988). Some vapor and
solution process techniques are available to fabricate CdZnTe solar cells
like magnetron sputtering (Banerjee and Ghosh, 2013), pulsed laser
deposition (PLD) (Yang et al., 2016), evaporation (Khrypunov et al.,
2006), close-spaced sublimation (CSS) (Gao et al., 2012), molecular
beam epitaxy (MBE) (Zhao et al., 2014) and chemical bath deposition
(CBD) (Han et al., 2011). The vapor proceed technique (electron-beam
evaporation) is used herein to make CdZnTe solar cells as this technique
provides some advantages like reproducibility, controllable growth-rate
and lower consumption of material. To resolve the issue related to loss
in open-circuit voltage in CdTe solar cells, CdZnTe-based solar cell
technology is a viable and low-cost substitute solar photovoltaic tech-
nology to get highest cell-efficiency in view of the Shockley-Queisser
limit to the maximum efficiency. As far literature concerned, the effi-
ciency of solar cells has influenced by several factors viz. processed
technique, layers thickness and different conditions of pre or post-
treatments as well as no report is available on enhancement in perfor-
mance of CdZnTe solar cells post-treated in different annealing atmo-
spheres, so this work is carried out herein.

2. Materials & methods
2.1. Deposition

Prior the deposition process, the substrates were ultra-sonicated for
30 min at temperature 60 °C and cleaned by acetone and isopropanol
and then dried by nitrogen gas and kept in box having methanol. The
chamber of vacuum coating unit (BC-300, HHV) was also cleaned by
both chemical agents (i.e. acetone and isopropanol) to remove any re-
sidual of earlier deposition and then substrates (microscopic glass)
having area of 6.45 cm? (i.e. 17 X 17) were placed on holder inside the
chamber. The source material i.e. powder Cdg 99Zng 10Te (99.9999%
trace metal basis, Aldrich) was made into pallet shape by hydraulic
pressure and placed in the pot/crucible having distance of 18 cm from
the substrates and then films were prepared by electron beam eva-
poration within the vacuum of 4 x 10~ ® mbar following the film de-
position process discussed in previous work (Chander and Dhaka,
2017b). Herein the vacuum was obtained by Turbo and Rotary pumps
and the evaporation rate was measured by quartz crystal monitor and
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kept almost constant (4-5 A/S) while the layer thickness of 1.2 ym was
verified by stylus profilometer (NanoMap 500ES, AEP Technology Inc.).
To obtain uniform and homogeneous surface, the pristine absorber
CdZnTe layers were subjected to thermal treatment at 400 °C for one
hour in vacuum and different atmospheres like hydrogen (H,), nitrogen
(N,) and argon plus oxygen (Ar + O,) where a digital microprocessor
was used to maintain the annealing conditions. The pristine and sam-
ples treated in different annealing conditions were used for structural,
optical and surface morphological studies employing X-ray diffraction
(XRD) (Bruker: AXS Kappa Apex-II), UV-Vis spectrophotometer (Perkin
Elmer) and scanning electron microscope (SEM) (Hitachi: S3400N)
coupled with energy-dispersive X-ray spectroscope (EDAX), respec-
tively. The structural and optical properties were measured and ex-
plored as methods discussed in the previous report (Chander and
Dhaka, 2016a).

2.2. Device fabrication

CdZnTe based solar cells in superstrate configuration have been
fabricated with device structure glass/ITO/CdS/CdZnTe/Au. CdS ma-
terial (99.9999% trace metal basis) and indium tin oxide (ITO) sub-
strates were procured from Aldrich. Initially the thin cadmium sulfide
(CdS) window layer of 100 nm was deposited on ITO coated glass
substrate in high vacuum of 4 X 10~ ° mbar employing electron beam
vapor evaporation (BC-300, HHV) and then absorber CdZnTe layer of
thickness was 1.2 um deposited on window CdS layer followed by an-
nealing treatment in different atmospheres at 400 °C for sixty min. Au
contacts of 15-20nm on the surface of absorber CdZnTe layer were
made by an evaporator in the glove-box having nitrogen atmosphere
where the active device area was 0.126 cm®. The evaporation rates of
CdZnTe and CdS were kept almost constant (5-6 ;\/s). The light cur-
rent-voltage measurements were taken inside a glove-box by varying
voltage (within required range) and recorded the corresponding current
employing a Keithley 2400 source-meter under the illumination of the
class A solar simulator (Newport, AM1.5G) having one sun intensity
(1000 W/m?) as verified by a calibrated Newport reference solar cell.
The solar cell devices were illuminated where light-beam was incident
from the front side of device (as intimated in Fig. 1). To undertake
electrical measurements, two probes were used with the help of cali-
brated standard crystalline silicon cell having short circuit current of
1.67 mA as reference. A Keithley source meter (Model: 4200-SCS) was
used to find the capacitance-voltage characteristics having probe fre-
quency of 20KHz to determine the width of depletion layer and dopant
density. Total eight solar cell devices were made in identical fabrication
conditions and all devices have almost similar performance as well as
the reproducibility of these devices was also made by a sequential de-
position process and was found to be excellent having < 10% deviation.
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