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studied. The main idea was to find an optimum conductive oxide layer for
CdTe solar cell which shows the great potential in thin film area of solar cell.
All the analysis was done by using the widely used simulator Analysis of
Microelectronic and Photonic Structures (AMPS 1D). It was observed that
both SnOjand ZnOshow similar performance under various conditions.
Indium Tin Oxide (ITO) has shown the worst performance among them in all
conditions. Fluorinated Tin Oxide (FTO) looked promising match for CdTe
solar cells in some conditions.
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Introduction: -

Cadmium Telluride (CdTe) is a promising material for solar cells as it has an ideal energy band gap (Eg) of 1.45 eV
and larger absorption coefficient (>5x10°/cm) [M. Hadrich et al., J. Britt et al.]. The polycrystalline CdS was found
to be the best-suited hetero-junction n-type partner with p-type CdTe absorber for CdS/CdTe solar cell. Small-area
CdTe cells already achieved efficiency of 16.5% in laboratory and commercial modules have achieved efficiency of
10% [X. wu et al.]. CdTe solar cells use Transparent Conductive Oxides (TCO) as the front contact which is
optically transparent and electrically conductive materials. [Hecht, D. S et al.]

Major considerations in the choice of the TCO for the solar cell, besides the conductivity and transparency, are
electronic compatibility with the adjacent layers in the cell, processing requirements, and stability under
environmental conditions. A carrier concentration on the order of 10%° cmor higher and a band gap energy above
3eV are usually for high conductivity. As with all transparent conducting films, a tradeoff must be done between the
conductivity and transparency, since increasing thickness and the carrier concentrations will increase the
conductivity, but decreases the transparency.

Features of TCO: -

TCO for solar cell applications have been fabricated from both inorganic and organic materials. In case of organic
solar cells, the TCO is made up of a layer of mostly Indium Tin Oxide (ITO), Fluorine doped Tin Oxide (FTO),
doped Zinc Oxide (ZnO), SnO, etc.

In order to be employed for large scale PV design, the basic characteristic features of a TCO material should be —

® High transparency in visible light and more than that to enhance efficiency.

® High conductance.
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® High carrier mobility.

® Excellent long term stability.

® Low cost.

® High throughput deposition.

® Capable of some sorts of light trapping.

® Some may require device specific properties.
Different TCOMaterials: -

There are many different materials which are extensively used in solar cells as the front contact. Among them
Indium Tin Oxide (ITO) is most widely used for differentdevices because of its two main properties, its electrical
conductivity and optical transparency as well as the ease of deposition methods like Physical Vapor Deposition,
Electron beam evaporation and sometimes sputter diffusion. ITO is a heavily doped n-type semiconductor with a
bandgap of around 4eV. [Kim, H.; Gilmore et al.]

The distinguishable property of ITO is its chemical resistance of moisture. Because of its bandgap, it is mostly
transparent in the visible part of the spectrum and its extinction coefficient in this wavelength range is zero. In the
UV region, it is opaque, so it has non-zero k due to band to band absorption, similar as NIR and IR region of the
spectrum.

ITO has some inherent drawbacks due to which novel alternative materials are searched for. High costs, limited
resource of Indium in the earth’s crusts, the fragility and also the lack of flexibility puts a limit on the uses of ITO.
Moreover, costly fabrication techniques requiring vacuum arrangements are added limitations of ITO. [Fortunato, E.
et al.] So cheaper alternatives such as SnO,, ZnO, Fluorine doped Tin Oxide (FTO) are most widely used for thin
film solar cells.

Doped zinc oxide (ZnO) and SnO, films have received increasing interest inrecent years since they combine the
common properties of TCO, i.e. high conductivity and excellenttransparency, with low cost, low toxicity, easy
fabrication and patterning [Granqvist, C.G et al., Klinshirn, C.F et al.]. In particular, doped ZnO has become avalid
alternative to the commonly used indium tin oxide (ITO) as TCO layer for silicon thin-film solar cells,being highly
stable in a hydrogen plasma environment [Illiberi, A et al, Banerjee, R. et al., Minami, T]. SnO, is one of the best
alternatives of ITO. In spite of their popularity, SnO,as well as ZnOhas major drawbacks, the limited transparency
in the infrared and the brittleness are the main concerns [Minami, T, Van Deelen, J. et al.].
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Fig. 1Transmittance spectrum of ZnO film deposited at 250°C and a DEZ partial pressure of 4.58 mbar. Inset: band
gapas a function of carrier concentration.

Overview of CdS/CdTe Solar Cell: -

The polycrystalline CdS was found to be the best-suited hetero-junction n-type partner with p type CdTe absorber
for CdS/CdTe solar cell but it has three main issues that limit device performance by limits the values of V. and FF
[T.L. Chuetal]

364



ISSN 2320-5407 International Journal of Advanced Research (2016), VVolume 4, Issue 4, 363-369

There is a crucial need for a higher band gap window material to further improve and overcome that limitations
associate with the CdTe heterojunction solar cells. Oxygenated cadmium sulfide (CdS:0) seems to be a better
candidate in this regards. However, the advantage of CdS:O window layer over the CdS has been reported
elsewhere[Aminul Islam et al.]. Nano crystalline CdS:O is a promising window material as it has higher optical band
gap (2.5-3.1 eV), a better lattice match with CdTe absorber and reduce inter-diffusion tendency at the PN junction
[X. wu, R. G et al.].Moreover, the formation of stable, low resistance back contact to p-CdTe is another well-known
major challenge associated with the fabrication of efficient CdTe based solar cells. [Vinod K. Jain, et al.].

In this paper different CdS:O/CdTe cell structures with different transparent conducting oxides layers are simulated
to find the optimum structure of CdTe based solar cells. Various factors associated with front contact such as the
thickness, carrier concentrations, etc. are studied.

Modelling and Simulation: -

In this work, one-dimensional Analysis of Micro-Electronics and Photonic System (AMPS-1D) simulator has been
used to investigate the effect of different transparent conductive oxide layers, their thickness, temperature
sensitivity, mobility are discussed in case of CdS:O and CdTe based solar cells. It is well known that the AMPS
program has been developed to pragmatically simulate the electrical and optical characteristics of the thin film
hetero-junction solar cells. It has been proven to be a very powerful tool in understanding device physics operation
and physics for single crystal, poly-crystal and amorphous structures. To date, more than 200 groups worldwide
have been used AMPS-1D for solar cell design [Hong Zhu, et al.].

A three-layer device model of a TCO/CdS:O/CdTe solar cell are investigated. The starting device structure was
ITO/CdS:O/CdTe. Then | have changed the TCO layers to find out the optimum structure of the CdTe based solar
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Fig. 2 Simulated structure of CdS:O/poly-CdTe solar cell

Then the TCO layers are changed by using different materials like ITO, FTO etc., and tries to find out the optimum
TCO layers that best suit for the poly-crystalline CdTe based solar cell. Table 1 shows the description of all the
parameters used in this analysis, these parameters were selected based on literature, theory, experimental data, or in
some cases, reasonable estimation.

Table 1: Parameters used in simulation

parameters TCOs n-Cds:O p-CdTe
ITO FTO Sno, ZnO

W (um) 0.5 0.5 0.5 0.5 0.1 1

/g0 2 10 9 9 9 9.4

Ha(cm?/Vs) 50 100 100 100 350 500

Hg(cm?/Vs) 75 25 25 25 50 60

n, p (/cm) 1.7¢18 1.7¢18 1.7e18 1.7e18 lel7 5el4

E, (eV) 3.60 4.20 3.35 3.35 2.75 1.50

Nc (/em?) 2.2e18 2.2e18 2.2e18 2.2e18 1.8e19 7.5e17

Nv (/cm®) 1.8e19 1.8e19 1.8e19 1.8e19 2.4e18 1.8e18

% (eV) 4.10 4.50 4.35 4.35 4.50 4.28
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The band gap of CdS:O film is depends on the O,/Ar ratio in the film growth process, band gap increase with
increase of O,/Ar ratio. X.wu and others have shown that band gap of CdS:O film increased from 2.42 eV to 3.17
eV for different O2 and Ar ratio as shown in Table-2.[X.wu, et al.].

Table 2:The band gap of cds:o films with o,/ar ratio

O,/Ar (%) | Optical band gap (eV)
0 2.42
1 2.52
2 2.65
3 2.80
5 3.17

In this work, the band gap of CdS:O window layer has been taken 2.75 eV to be in the middle of the range.

Results and Discussion: -

The numerical analysis has been performed with the envision to detect the best suited transparent conductive oxides
layers for ploy-crystalline CdTe based solar cell. The dependency of different TCO materials on the performance of
the solar cell are investigated first by using AMPS-1D. Fig -3 shows the simulated efficiency of the solar cell design
using different TCO layers, whose specification was given to the Table-I.
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HJsc 13.49 11.87 13.75 13.49
HVoc 1.038 1.035 1.038 1.038
FF 0.883 0.883 0.883 0.882
| Efficiency (%) 11.233 9.856 11.226 11.189

Fig. 3Detailed simulated results of different TCO layers on CdS:O/CdTe solar cell

From the results, it is clear that SnO, is the best suited transparent conductive oxides for polycrystalline CdTe based
solar cell in terms of efficiency is concern. It is worth noting that the open circuit voltage (Voc) and Fill Factor (FF)
remains almost constant for every TCO materials. The short circuit current (Jsc) changes significantly as the TCO
material changes.
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Fig. 4 Efficiency variation of CdTe solar cell for different TCO layers.

The most interesting fact is, indium tin oxide (ITO) which is the most usable conductive oxides, but it exhibits the
worst performance according to the simulation results.

In real cases operating temperature plays a very vital part which affects the performance of the solar cells. At higher
operating temperature, parameters such as the effective density of states, absorption coefficients, electron and hole
mobility, carrier concentrations and band gaps of the materials are affected. An investigation has been done on V.
and m of the final cell to understand the effect of temperature on CdS:O/CdTe cell with operating temperature range.
The most prominent three TCO materials namely FTO, SnO,, and ZnO are investigated and there are no significant
changes are noticed.

In this simulation, operating temperature are varied from 273K to 333K. It is evident from the Fig -5 that the
efficiency (1) shows the linear decreases at the gradient of -0.25%/°K, with increase of operating temperature. This
is the indicator of higher degree of stability of the cell at higher operating temperature or in stressed conditions.
These results are in good agreement with related works [M. A. Matin, etal.D. Bonnet & H. Raben horst,M.
Gloeckler, et al., Nowshad Amin, et al.].
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Fig. 5 Temperature effect on the efficiency (%) of different TCO layers

Fig -6 shows the decrease of open circuit voltage of different TCO layers and similar types of linearly decreasing
curves are obtained, which shows temperature stability of the cell. But both SnO, and ZnO shows better resistance
against temperature. It is clear that, the open circuit voltage has a strong dependency on temperature because,
iftemperature increases, the band-gap of the material decrease and eventually leakage current is increased, which
eventually decreases the open circuit voltage.
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Fig. 6 Temperature effect on the open circuit voltage (Voc) of different TCO layers

The thickness of different TCO layers are also investigated. In this case, three conductive oxides are taken and their
thickness are varied from 100 nm to 800 nm. There is no significant change is observed as shown in the following
figure.
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Fig. 7 Efficiency with the change of TCO layer thicknesses

Conclusion: -

In this numerical analysis, Cadmium Telluride (CdTe) based design of thin film solar cell which is the most
prominent and most widely used thin film solar cell are taken with CdS being the window layer having lattice
matched with the CdTe absorber. Different materials are used as the transparent conductive oxides (TCO) layers in
order to find the maximum performance from the cell. It is obvious from the simulated results that, SnO, is the most
suitable oxide layer for the cell providing the maximum efficiency about 11.233%. FTO and ZnO oxide layers also
shows good performance resulting efficiency about 11.226% and 11.181% respectively. Temperature dependency of
the open circuit voltage value is also a great concern. Because the device’s fill factor (FF) is a function of both open
circuit voltage(Vo) and short circuit current density (Ji) All of the oxides layers shows great resistance
againstoperating temperature changes, which is the basic criteria for a good conductive oxide. The efficiency did not
alter too much by thickness variation within a limited range.
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