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Abstract: Cadmium Telluride (CdTe) is the main contender for the advancement of more affordable,
monetarily suitable photovoltaic (PV) devices among thin-film solar cells. CdTe is the first Photovoltaic
technology at a low cost. It has a band gap of 1.45 eV and has high optical absorption coefficient and chemical
stability. Because of these properties CdTe is the most appropriate material for design of solar cells. This paper
deals with structure parameters of the CdTe solar cell affirmed by basic theories, trials,reports and experiments.
The impact of composition on the short circuit current, fill factor, open circuit voltage and the conversion
efficiency are talked about in this paper. The simulated devices are analyzed and compared using CdS, CdZnS
and ZnO: Al. The designed and simulated model use different n-type layers and results were analyzed. The
structure using CdzZnS provides 3.34% better efficiency than using CdS. The structure using CdS provides
1.48% better efficiency than using ZnO: Al as n-type layer.

Date of Submission: 10-06-2018 Date of acceptance: 29-06-2018

I. INTRODUCTION

Solar cell is a device that converts light energy into electricity. Solar Cells are grouped together into
larger units called modules and into solar panels. Solar Cell is created by two different layers of semiconductor
i.e. p-type and n-type such that they sandwiched together to create a junction. When sunlight falls on depletion
region, it makes holes to enter in p-type region and electrons in n-type region., thus generating a higher flow of
electricity. When light falls on depletion region, then it destroys the neutral atoms, it makes electrons excites to
the conduction band from valence band [1]. In solar cell, the n type semiconductor is thick so that light falls on
the depletion layer with high intensity. Solar cells are classified into three generations. The first generation uses
materials polysilicon and monocrystalline silicon. Silicon solar cells has low cost so they used in most of the
applications and they also have easy to fabricate. But the drawback with silicon material is that they have low
absorption coefficient of the photons whose wavelength are nearer to the bandgap as silicon is indirect bandgap
material.
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Fig.1 Solar Cell Structure

The second generation are thin film solar cells. CdTe is a thin film solar cell. The main advantage of
using CdTe solar cell is low manufacturing cost than silicon solar cells. Photovoltaic (PV) cell cadmium
telluride (CdTe) speak to the biggest fragment of business thin-film module creation around the world. Late
changes have coordinated the productivity of multicrystalline silicon while keeping up cost authority [2The
proficiency of a sunlight based cell is a characterized by how much division of occurrence light changed over
into power by it. It is hard to assess the parameters specifically, different parameters are assessed: coordinated
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quantum productivity thermodynamic proficiency, quantum effectiveness fill factor and VOC proportion.
Reflectance losses is a bit of quantum productivity under "outer quantum proficiency”. Recombination
misfortunes make up another segment of quantum proficiency, VOC ratio, and fill factor. Fill factor consists
Resistive losses factor, and quantum efficiency. The ratio of the maximum obtainable power to the product of
the open circuit voltage and short circuit current is known as fillfactor [3].

The solar cells are used in different areas such as Sunlight based Thermal Electric Power Plants: Solar
warm vitality includes outfitting solar based power for functional applications from solar based warming to
electrical power age. Sun powered warm authorities, for example, sun oriented heated water boards, are
regularly used to produce sun powered high temp water for local and light mechanical applications. This vitality
framework is likewise utilized as a part of engineering and building configuration to control warming and
ventilation in both dynamic sun based and inactive sun-oriented outlines. Photovoltaics: Photovoltaic or PV
innovation utilizes sun-oriented cells or sun powered photovoltaic clusters to change over vitality from the sun
into power. Sun oriented cells deliver coordinate current power from the sun's beams, which can be utilized to
control hardware or to energize batteries. Numerous pocket number crunchers join a solitary solar cell, however
for bigger applications, cells are by and large gathered together to shape PV modules that are thus masterminded
in solar oriented exhibits. Solar cell clusters can be utilized to control circling satellites and other rocket, and in
remote territories as an onset of energy for roadside crisis phones, remote detecting, and cathodic assurance of
pipelines [4].

Il. CDTE SOLAR CELL

Use of Cadmium telluride has some advantages over silicon. It is thin as compared to the silicon.
Additionally, CdTe requires less vitality to change over light into power than silicon. Cadmium Telluride
(CdTe) is the principal Photovolatic innovation with ease and has a band hole of ~1.45 eV.It has high absorption
coefficient and chemical stability. Due to these properties, CdTe is the most efficient material for design of solar
cells. Because of direct bandgap semiconductor, the ingestion of light is simple and it enhances the efficiency.
CdTe-based photovoltaic cells is seen as a thin-film as they are microns thick, or about a tenth the estimation of
a human hair. CdTe has a direct band gap with high absorption coefficient of 5 x 10°cm[5]. N-type CdS as
transparent window is one of the best choice for CdTe heterojunction structures. They are fabricated in a
superstrate configuration. Between the CdTe and CdS layer, there is lattice mismatch of 10% but has angood
electrical behavior that leads to a high fill factor [6]. CdS/CdTe thin-film solar cells has currently several
challenges:The electron hole pair recombination at the CdTe/CdS interface leads to shorter minority carrier
.The transparency of transparent conductive oxide (TCO)and CdS window layers is not sufficient
[7].Straightforward Conducting Oxide (TCO) layers, for instance, SnO, or Cd,SnO, are direct to unmistakable
light and exceedingly conductive to transport current capably. Center layers, for instance, CdS help in both the
advancement and electrical properties between the TCO and CdTe. The CdTe film acts as the basic photo
conversion layer. The basic structure of CdTe solar cell consists two n-type and p-type layers. Metal is
determined to the back to shape electrical contacts. In progress, each one of these layers are saved money on
moving toward glass and arranged into complete sun-based sheets in just two or three hours.
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Fig.2 Basic Structure of CdTe solar cell

Figure2 shows basic structure of CdTe solar cell. It consists of Glass/TCO/CdS/CdTe/Back Contact.
Glass provides the mechanical strength.it is around 2-4mm thick. It acts as anti- reflection coating. The basic
structure of CdTe solar cell consists Transparent and Conducting Oxide (TCO), it is highly transparent, low
resistivity Transparent conducting oxide(TCO) reduces the series resistance of the device which arise because of
CdS layer is thin. CdS acts as a window layer. CdTe is the absorber layer. The Back Contact is used in this
figure is gold. It can be used as Aluminum, Nickel or Copper. They reduce the recombination losses. There are
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many several hurdles for making CdS/CdTe thin-film solar cells, as there are lattice mismatch problems and
many more but has an excellent electrical behavior, leading to a high fill factor makes it effective [8].

1. DESIGN PARAMETER AND SIMULATION

This paper structures of CdTe solar cell comprises n-type CdS, CdZnS and ZnO: Al were analyzed and
their results were compared. SnO, is used as TCO layer as it is being direct to unmistakable light and
exceedingly conductive to transport current capably [9]. CdTe is used as absorber layer as its bandgap is
1.45eV. ZnTe is used as buffer layer. ZnTe has bandgap of 2.26 eV, it results to increase the open circuit
voltage. It eliminates the effect of backsurface recombination velocity. The structure of CdTe solar-cell consists
two n and p type layers. In this paper, the CdS layer is replaced by CdZnS and ZnO: Al layers and result of
those structures were compared with the CdS/CdTe structure.

Metal Contact
p-ZnTe
p-CdTe
n-CdS/CdZnS/Zn0:Al
n-SnOZ
GLASS
Fig. 3 Layered Structure of CdTe

Fig3 shows the layers of CdTe solar cell. CdTePhotovoltaic cell has the smallest carbon footprint and
shortest energy retribution time of all solar technologies. CdTe has bandgap of 1.5 eV at 300K [10]. The
thickness of the layers is determined to increase the efficiency of the solar cell. ZnTe is used as buffer layer to
reduce the effect of back surface recombination velocity. The band gap of CdS is 2.42 eV, the band gap of
CdznS is 2.48 eV [11] and the band gap of ZnO: Alis 3.3 eV [12]. It consists n-type CdS/CdZnS/ZnO: Al and
p-type CdTe to form the junction.

Table no 1 Material Parameters

Parameter CdTe Cds Cdzns ZnO:Al
[10] [12] [10] [12]
Thickness(um) 4 0.07 0.05 0.01
Bandgap(eV) 15 242 2.48 3.30
Dielectric Constant 9.4 10 9.3 9
Electron affinity(eV) 4.28 4.5 4.46 4.35
Electron mobility(cm®/Vs) 320 350 100 100
Hole mobility(cm?/Vs) 40 50 40 25
Nc (cm®) 8x10* 1.8x10" 2.1x10% 2.2x10"
Ny (cm™) 1.8x10" 2.4x10% 1.7x10" 1.8x10"
n,p(cm™) 2x10* 1x10% 1x10% 1x10%

Table 1 shows the material parameters that are used in simulation of structures.Bandgap (Eg) ,Dielectric
constant, electron affinity(y) ,Electron mobility ,Hole mobility ,Conduction Band effective density of states
(Nc),Valence Band effective density of states (Nv), shallow uniform donor /acceptor density ND (n,p) of the
materials /layers used in structures.The thickness of layers were taken in um . the width of CdTe is 4 um ,ZnTe
is 0.2 um, SnO2 is 2 um in all structures.The width of n-type layers that are varied is taken to be 0.1 um.

V. RESULTS AND DISCUSSION
When the solar cell is simulated in SCAPS. The results were analyzed. The band diagram, current
voltage graph, carrier density and current density graphs were analyzed. The device is simulated using
Glass/SnO,/CdS/CdTe/ ZnTe. Instead of CdS, CdZnS and ZnO: Al were used in other structures. The result of
three structures were analyzed in terms of efficiency, fill factor, open circuit voltage and short circuit current
density.

1.Configuration of Glass/SnO,/CdS/CdTe/ZnTe structure

In CdTe solar cell structure, ZnTe is used as buffer layer with thickness 0.2 um. ZnTe is used to
minimize the possible recombination losses. As the band gap of proposed CdS/CdTe is increased from 2.43 eV
to 2.45 eV, the maximum efficiency of 19.21, Voc is 9.2688 volts, Isc is 27.72 mA/cm? and Fill Factor (FF) is
74.772% were obtained. The efficiency, Voc, Isc and FF increases as the band gap increased, the maximum
efficiency obtained at 2.45eV. As the thickness of CdS is varied from 0.01-0.09 um at band gap of 2.45eV, the
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maximum efficiency is obtained at 0. 01um.The efficiency, increases as the thickness of CdS layer decreases
due to shorter transmission path for absorbable photons. Fill Factor increases with the thickness. The absorber
thickness is 4um. Performance analysis of CdS/CdTe solar cell structure is shown in figure 4. Fig (a)shows
energy band diagram of CdS/CdTe structure (b) Current Density graph (c) shows the v-i characteristics of solar
cell., maximum Isc obtained at 0.01 um is 28.79 mA/cm?.Figure (d) showing the quantum efficiency curve as a
function of wavelength. The quantum efficiency is constant in the region 520 nm to 810 nm and then it
decreases and has an onset even up to 900 nm. The defect density is used in structure is 10*% cm=.
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Fig 4 (a) Band Diagram (b) Current Density graph (c) i-v graph (d) Quantum Efficiency of Structurel

2 Configuration of Glass/SnO,/CdZnS/CdTe/ZnTe structure

All the layers of this solar cell structure were similar to the previous optimized cell except an CdZnS
layer is used instead of CdS layer. Window layer absorption, a major cause of efficiency loss in CdS/CdTe solar
cells, can be essentially eliminated using CdZnS. . The energy band gap of CdZnS varies from 2.45 to 3.25 eV.
The maximum efficiency is obtained at 2.65eV with thickness of 0.01um. The high efficiency is obtained at
minimum width of layer as light travelled requires less path to reach the junction. The maximum obtained
efficiency is 23.11%, Voc=9.807volts, Jsc=29.504mA/cm? and fill factor is 79.06%. Performance analysis of
CdznS/CdTe solar cell structure is shown in figure 5. Figure (a) shows the energy band graph of structure, Fig
(b) showing current density graph it remains constant up to 3.5 um Fig (c) depicts v-i characteristics After 0.6
volts sudden increase in current. Figure (d) showing the quantum efficiency curve as a function of wavelength.
The quantum efficiency is constant in the up to 810 nm and then it decreases and has an onset even up to 900
nm. The curve is spanned over almost entire visible range of solar spectrum.
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Fig 5 (a) Band Diagram (b) Current Density graph (c) i-v graph (d) Quantum Efficiency of Structure2

3.Configuration of Glass/Sn02/ZnO: Al/CdTe/ZnTe structure

In this structure all the layers of the solar cell structure are similar except an ZnO: Al layer is used
instead of CdS layer. ZnO used in optoelectronic devices, due to its excellent optoelectronic properties, non-
toxicity, low material cost, and stability in hydrogen plasma processes. The transmittance of ZnO: Al is 90% in
wavelength range of 500-1200 nm. ZnO: Al is highly transparent and has high conductivity. The resistivity is in
the range of 2-8.5 mQ. The band gap of ZnO: Al is 3.28-3.59¢V, high efficiency is obtained at 3.38 eV bandgap.
In ZnO: Al as the thickness varied from 0.01 to 0.09 um efficiency and fill factor increases with thickness.
Maximum n=17.78%, Voc=8.766volts, Jsc=28.80mA/cm’and FF=70.44% . Performance analysis of
CdznS/CdTe solar cell structure is shown in figure 6. Figure (a) shows the energy band graph of structure, Fig
(b) showing current density graph it remains constant up to 3 um Fig (c) depicts v-i characteristics After 0.4
volts sudden increase in current. Figure (d) showing the quantum efficiency curve. The quantum efficiency is
constant in the 400 to 850 nm region.
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Fig 6 (a) Band Diagram (b) Current Density graph (c) i-v graph (d) Quantum Efficiency of Structure2

Table no 2: Result Comparison

Voc(volts) | Jsc(mA/cm2) | FF (%) Eff. (%)
Structure1(CdS) 9.266 27.72 47.39 19.21
Structure2(CdZnS) 9.828 29.49 77.79 22.55
Structure3(ZnQO: Al) 8.82 28.85 68.85 17.73

V. CONCLUSION
The characteristics of solar cell with buffer layer ZnTe in CdS/CdTe solar cell were analyzed using

same thickness of layers , the output results are Voc is 9.266 volts, Jsc is 27.72mA/cm? the fill factor of solar
cell is 47.39%.and the efficiency is 19.21%. CdZnS is used as a n-type layer in another CdTe thin film solar cell
structure the output results are Voc is 9.828 volts, Jsc is 29.49mA/cm?.the fill factor of solar cell is 77.79%. The
efficiency is 22.55%. ZnO: Al is used as a n-type layer in third structure of CdTe thin film solar. the output
results are Voc is 8.82 volts, Jsc is 28.85mA/cm?.the fill factor of solar cell is 68.85%. The efficiency is 17.73%.
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