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Abstract

The work is based on the simulation fabrication of a CdS/CdTe thin film
solar cell where the benefits and limitations of very thin window (CdS) layer have
been investigated. The comparison between with and without pinhole effects for
various CdS thicknesses have been analysed. We used highly resistive ZnO layer to
overcome the pinhole problem that we had to face due to the consideration of very
thin CdS layer to enhance the short circuit current (Isc) and open circuit voltage (Voc)
as well. In this paper, the work is mainly concerned on the degradation of the
performance of the solar cell due to pinhole effect and its remedy to enhance the
efficiency of the cell. . It has been noticed that, the inclusion of a ZnO layer has
positive effect on the performance of cell. For very thin CdS layer(50 nm), we
observed a poor efficiency of the cell (8.48%) due to pinhole effect. But after
insertion of the ZnO layer we recovered the efficiency (19.64%) and overall
performance of the cell appreciably.
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List of notation

S0, Tin dioxide

TCO Transparent coating oxide
Cds Cadmium sulphide

CdTe Cadmium telluride

BSF Back Surface Field

Vo Open circuit voltage

ls Short circuit current

FF Fill factor

eV Electron volt
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Shunt resistance

series resistance

Permittivity

Permittivity of free space

Width of the depletion region

voltage

charge

acceptor concentration of p type
acceptor concentration of n type
minority charge carrier lifetime
defect density

mean distance

mobility of charge carrier

electric field

depletion layer width in the p region at thermal equilibrium
depletion layer width in the n region at thermal equilibrium
photo generated current

incident photon flux

barrier height in SCR

space charge region

reverse saturation current

diode ideality factor(IF)

conversion efficiency

net cell current

generation rate

intrinsic density of the charge carriers
Boltzmann constant

temperature in degree kelvin

Fluorine doped tin oxide

Air mass
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. Introduction

As the world is suffering from impending death of fossil fuels and serious
pollution resulted from the fuels, solar energy is now regarded as one of the
promising solution to the global energy crisis [1]. Solar energy is a free, inexhaustible
resource, yet harnessing it is a relatively new idea [I1]. The photovoltaic (PV) effect
was first observed by Alexandre-Edmond Becquerel in 1839. Subsequently, in 1946
the first modern solar cell made of silicon which was invented by Russel Ohl .The
modern photovoltaic technology is based on the principle of electron hole creation in
each cell composed of two different layers (p-type and n-type materials) of a
semiconductor material[lll].Solar cells can be classified into first, second and third
generation cells [II]. Cadmium-Telluride (CdTe) is a semiconductor material which
has various advantageous properties as compared to the other semiconductor
chalcogenides of cadmium, such as comparatively great mobility, a simple
controllability of the conductivity from n- to p-type, and conversely, so that cadmium
telluride may be used in semiconductor devices such as crystal diodes or transistors
[IV]. Thin-film cadmium telluride (CdTe) is now regarded as one of the leading
materials for the development of cost-effective photovoltaic (PV) cell.

At room temperature, CdTe has a direct optical energy bandgap of 1.45 eV with a
temperature coefficient of (2.3-5:4) e10* eV/K, which matches the solar spectrum for
a photovoltaic absorber. The absorption coefficient is large, around 5e10* cm™ at
photon energies 1.8 eV or greater [V, VI, VII, VIII]. CdS/CdTe based solar cell
would have a theoretical photovoltaic conversion efficiency of >28% [IX]. The
difference of their bandgap makes CdS suitable as window layer for CdTe Solar Cell
[VII].

To regulate the performance of solar cell, different techniques are used for preparing
the CdTe layer. These deposition techniques influence a variety of properties such as
carrier lifetime, mobility, and absorption coefficients[X,XI]. The most efficient
hetero-junction partner for the absorber CdTe in a solar cell is CdS, which is usually
referred to as the window layer [VI1,X,XI1] because it acts a window for the light to
fall on CdTe (absorber) surface.

The CdS is chosen over higher bandgap materials like ZnS or Cdl-xZnxS as a
heterojunction partner to CdTe although these can improve the window bandgap; it is
because the lattice mismatch of these materials is worse than that of CdS [XIII,
XIV].To achieve CdTe cells with more efficiency, research should focus on
improving the open circuit voltage (Voc), Isc, and FF. One way to achieve this to
reduce the back-contact barrier height [VI, XI11, XV]. All-vapor process for CdS and
CdTe layers has advantages over combination processes. This is due to the
elimination of waste by-products inherent in the wet process, and the facilitation of a
single vacuum chamber, with neighboring deposition stations [XVI1]. The CdS can be
deposited on top of the CdTe in a variety of methods such as Electro Deposition,
chemical bath deposition, thermal evaporation, spray, pyrolysis and sputtering [V,
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XVII]. By using thermal evaporation technique, grown graphite doped CdTe/CdS
thin-film heterojunction can be grown with slight increase in current amount Thus the
quality of p-n junction is improved [XVIII]. The thickness of the CdS film is related
to the number of incident photons that reach the CdTe. For better performance of the
CdTe solar cell, the thickness of CdS layer has to be reduced, but this reduction may
lead to forward leakage current to front contact through possible pinholes in CdS
layer. To neutralize this unwanted forward leakage current, a high resistive buffer
layer metal oxide like ZnO had been introduced in between the TCO and CdS layer
[XIX]. Studies have shown that ZnO is used to improve electron extraction. It is seen
that ZnO has attracted a huge attention from both basic research and industrial field.
It is noted that the device with the introduction of ZnO exhibits a good lifetime and
stability [XX].

.The material required for TCO should have three characteristics namely high
transparency, low resistivity and good stability .The transparency should be better
than 85% for wavelength 400-860 nm. It should have low resistivity on the order of 2
x 10 Q cm or a sheet resistance less than 10 Q/square. It should have good stability
at the maximum temperature at which other layers are prepared. This means that no
diffusion from the TCO into the layers deposited subsequently should take place
[XXI1]. The FTO (SnO,:F) films have been made from hydrofluoric acid (HF) cloud
and SnO, around SnO, grains. The fluorine ion substitutes the O, ion in O-Sn-O
group. Fluorine has been chosen from various elements like antimony (Sb), chlorine
(CI), bromine (Br) and indium (In) for its low cost and simplicity for commercial use
[XXI]. It also has better thermal stability, less expensive and low electrical
conductivity (66ohm/cm?) as compared to ITO (Indium Tin Oxide) [XXII1]. The FTO
gives extra charge carriers and localized donor levels to the conduction band, thus
improving the electrical characteristics in the system [XXIV].

BSF is a buffer layer used to reduce the effect of back contact schottky barrier in the
solar cell narrowing the width of the back contact schottky barrier. An important
approach to overcome the barrier is to either reduce the barrier height or moderate its
width by heavily doping extra layer of back surface field (BSF) with proper material
between the CdTe absorber layer and final metal back contact [X]. BSF structure can
be created by forming a p+ layer on the back surface of an n-p. An alloy of CdTe and
Te is made to get heavily p*-doped CdTe surface [XXV].

The function of back contact in CdTe solar cell is to transport holes. A high back
contact barrier leads to disruption in hole transportation which in return leads to a
current limiting effect called roll-over effect. At room temperature the standard back
contact barrier height is 0.5eV, exceeding this value will result in reduction of the fill
factor considerably [XXVI]. In this work, we excluded the investigation on back
contact schottky barrier.
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Il. Theoritical Background

The total photo generated current, 1., due to drift of the carrier is given by
[XXV1]

I= qA[ pvo + —npo] (e?/ksT — 1) — gAG(L, + L)1

Where I,,,=qAG(L, + L.),the photo generated currentand I; = gA [:—ZpNO +
Le

;nPO]Z

For short-circuited diode, V=0, and Is. = I,n = gAG(L, + L,)

Ly+L,

For open-circuited Diode,lI=0, and Vzvoczkg—Tln[ G+1]=

"Ziln;z[%f—h + 1]4
Under illumination, the output power is given by [XXVII]
P=1V= ISV(qu/kBT -1)—1,,V5

_ 1+1pﬁ/ s . —
Where V = X871y [qu/k T] for maximum power output P,=V I, where
Ips
e e B
Vn = %ln [1+‘7V’"]
kgT 1
VOC —Tln[l + ]andI ph [1qu/kBT

The conversion efficiency, n = %1 where Pj, is the incident power. To maximize the
output power, both I, and V. must be large [XXVII]. The term fill factor is used to
define the power extraction efficiency and is expressed as

Fill Factor (FF) = L Y , the important figure of merit of solar cell design

SC OE

In the time of illumination of a solar cell, photo generations and recombination of
minority carriers happen. The following equation explains the steady state of
minority carrier diffusion.

2 _ —
D[220 4 () — Lo g ang

0x2 T,

12 =D, 7,8
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where, Ln or Le, diffusion length of the minority carriers; D,, diffusion coefficient,
G(x), recombination rate; Ty, lifetime;(n, — nyo ), the excess minority carriers density.

Maximum electric field [XXVII]

=_4a =_91
E= ENdxno = eNaXpo

Contact potential [XXVI1] V, = %T In (M)

Njp Nijp
Where N, the acceptor concentration of p is type and N, is the donor concentration of
n type.

I11.  Modelling of The Solar Cell

Solar cells convert solar energy into electrical energy. When sunlight hit the
solar panel and photons are absorbed by semiconducting materials, electrons are
excited from their current molecular/atomic orbital. Once excited, an electron travels
through the cell until it reaches an electrode. Current flows through the material to
cancel the potential and this electricity is captured. The topmost layer of our
simulation fabrication of the solar cell is glass, which is used to provide some support
and protection to the cell. The second layer is considered as a TCO (transparent
conducting oxide) layer. This layer is used to provide negative terminal of the solar
cell. The layer is a trade-off between transparency and conductivity. In addition it
allows passing a large spectrum of light being a high bandgap material. Fluorine-
doped tin oxide (FTO) film is chosen here. Just below TCO layer, a HRT (Highly
Resistive Transparent layer)/buffer layer (ZnO) has been considered to balance the
voltage drop and eradicate pinhole effect .The use of buffer layer gives us freedom to
decrease the thickness of the CdS layer to reduce the absorption loss and increase the
Isc. The window layer is the n-type semiconductor of p-n junction diode,
responsible for producing the necessary potential difference across the solar cell. CdS
is chosen because it has higher bandgap than CdTe and very less lattice mismatch
with CdTe as compared to other materials with higher bandgap. The large optical
bandgap (2.4eV) window layer is to allow energetic shorter wavelength photons to
pass for the absorber layer with minimum absorption loss. The absorber layer has
been kept just below the CdS layer. The p type Cadmium Telluride (CdTe) has been
selected as the absorber layer considering 1 e10" cm™doping concentration.

CdTe is chosen as it has a bandgap of 1.45 eV with a temperature coefficient of 2.3
5.4 x 10* eV/ K , which is almost ideal for the solar spectrum. Most of the photons
striking its surface have enough energy to create electron-hole pairs escaping from it
to the respective terminals .This layer is made thicker so that it can absorb photons
and transport charge carriers towards the terminals. Below this layer we have used a
very thin BSF (Back Surface Field) layer. Highly doped p+ CdTe is chosen as BSF
here. It forms n-p-p+ structure with n-CdS and p-CdTe. Thereby it narrows down the
schottky barrier width between CdTe and metal back contact which subsequently
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enhances the tunnelling of holes into back contact. Most of the standard metals form
a barrier of around 0.5eV with CdTe. So we considered 0.5 eV back contact schottky
barrier for our simulation fabrication design structure. The schematic model of the
solar cell is presented in Figl. which has been used for the simulation work.

The PC1D simulator has been used with standard resolution that is defined by is
normalised error limit of 10 and maximum time 60 sec. We have considered the
light radiation AM 1.5G standard. The important simulation parameters are furnished
in table 1.

I11. Results and Discussions INCIDENT LIGHT

ve
All the relevant input parameters \\\‘\ \' [
have been furnished in table-1 accordingly. i :

Figure-2 shows the voltage-current (V-I) Tco 0.03pm
characteristics of the solar cell. The cell has
been simulated under different thicknesses - 0.06pm
of CdS layer; however in our work we have
achieved most significant performance for cds 0.054m

0.08um of CdS thickness  without
considering the zZnO buffer layer. The
simulation results have been furnished in CdTe 1ym
table-2. We have observed that upto 0.7um
thickness of CdS, the Voc was very poor
even after getting considerable Isc. For that
matter consequently we have got poor
efficiency and fill factor.

0.01pm

—{) +ve

Figure 1: Schematic diagram of
Very thin CdS layer weakens the potential | the proposed solar cell model

drop and corresponding electric Field at the
CdS/CdTe interface region (SCR), therefore cell performance gets affected. If the
thickness of CdS layer is too thin then a high shunt path (like a diode or conductor)
may be created between TCO and CdTe layer. As a result efficiency, Voc, and fill
factor drastically get decreased. This is called pinhole effect. We have noticed these
pinhole effects in case of thinner CdS (0.05um, 0.06pm, 0.07um). Simulated results
have been furnished in table-2. Figure-3 shows the electric Field distribution in the
interface of CdS-CdTe junction for different thickness of CdS layer.
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Figure-2

Figure-3
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Figure-4

Figure-2: Effect of varying the thickness of CdS layer to optimize the
performance of the solar cell without considering ZnO buffer layer, data
considered from table-2. Figure-3: Electric field distribution in the interface
region of CdS-CdTe junction for different thicknesses of CdS layer without
considering ZnO buffer layer, data considered from table-2. Figure-4: Position
of the conduction band and valence band at the junction of CdS-CdTe interface
for various CdS layer thicknesses without considering ZnO buffer layer, data
considered from table-2.
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Figure-5 Figure-6

Figure-7 Figure-8

Figure-5: Effect of varying the thickness of CdS layer to optimize the performance of the solar
cell with considering ZnO buffer layer, data considered from table-3. Figure-6: Electric field
distribution in the interface region of CdS-CdTe junction for different thicknesses of CdS layer
with considering ZnO buffer layer, data considered from table-3. Figure-7: Position of the
conduction band and valence band at the junction of CdS-CdTe interface for various thicknesses
of CdS layer with considering Zno buffer layer, data considered from table-3. Figure-8:
Comparison between two investigations (with ZnO buffer layer & without ZnO buffer layer) on
conduction band and valence band position for very thin CdS layer thickness (0.05pum), data
considered from table-2 and table-3.
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Due to pinhole effect (thinner CdS: 0.05um, 0.06um, 0.07um), the electric fields
have become very poor (a, b, ¢). In this case for thicker CdS layer (80nm), we have
observed better electric field which eventually improves the cell performance (label d
of figure 2-4, table 2. The thicker window layer creates a strong grain boundary at
CdS/CdTe interface preventing pinhole effectively. Similarly, if we follow the band
diagram in figure-4; we can see that due to the effect of the electric field at CdS/CdTe
interface, the peak of* label a (very thin, 50nm CdS) curve is the worst among all the
peaks at conduction band edge. So formation of pinhole significantly affects the band
diagram. In order to overcome pinhole effect we have inserted a Highly Resistive
Transparent (HRT) layer (ZnO) between TCO and CdS layers in our simulation
fabrication.

The investigation results after insertion of the ZnO have been furnished in table-3.
Without inserting ZnO between TCO and CdS layer, we achieved worst cell
performance at 0.05um thickness of CdS (1% Investigation, table-2). But after
inserting ZnO, we have achieved best performance of the cell for the same thickness
of the CdS layer. Being highly resistive, Zno layer helps in producing very good Voc.
Moreover for having high band gap, the ZnO passes large spectrum of light, because
of that ZnO is called transparent layer. In addition, preventing the formation of
pinholes, the insertion of the ZnO layer has been beneficial to enhance the Isc.
Supporting data are furnished in table 3.

Important parameters of ZnO have been given in table-1 and simulated results have
been furnished in table-3. After insertion of ZnO the investigations are represented by
figure: 5,6,7,8. The figure 5 shows that for the thinnest layer of CdS (50nm) under the
consideration, we have got the best result by successfully overcoming the pinhole
effect which was the worst in the case of without ZnO (label a of figure 2 to 4, table
3. The thinner CdS layer causes less recombination of the charge carriers, due to
which we observed high Isc current, and as ZnO layer being highly resistive, the Voc
has been compensated. Hence if we use ZnO, Voc gets improved which was
deteriorated due to pinhole effect. In addition, we have been able to observe the
impact of ZnO on band diagram (figure-7) and electric field (figure-6). Observing
figure 7, it has been quite clear that a sharp peak has been developed (label a) due to
the insertion of ZnO. Similarly the corresponding electric field also has been strong
enough to enhance the Isc and Vo as well. In every aspect we have observed the best
results (label a in figure-5, 6, 7) for the thinnest CdS layer (0.05um) under the
consideration. In these investigations, we also have noticed that as the thickness of
CdS layer increases the cell performance gets decreased. This is to say that due to
increase in thickness of CdS layer, the absorption and recombination in this layer
have been increased, which subsequently affects the cell performance. In figure-8, we
have presented a comparison between band diagrams of label “a” of figure 4 and
figure 7 to draw a justified comparison between with and without ZnO insertion for
50 nm thickness of the window layer. In this case it is clearly understood that with the
use of ZnO, good cell performance can be achieved even with the use of very thin
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CdS layer. The results have been directly reflected in table-3. It has been observed
that ZnO buffer layer influences the conduction band to be shifted down which may
be effective further to compensate the reduction of charge carrier collection due to
back contact schottky barrier. We have excluded the investigation on the schottky
barrier in this work.

Table-1: Input parameters used

TCO 1e10 0.1 0.03

ZnO 1x10"19 1 0.06

Cds 1x10"18 1 (0.05-0.09)
CdTe 1x10"15 1 1
BSF(CdTe++) 7x10"18 1 0.01

Table-2: Results of the Investigations (without ZnO buffer layer) for the
Figures [2-4 & 8] of labels: a, b, ¢, d, and e

Maximum
Figures | Thicknesses Isc Voc Efficiency Fill Electric
of CdS (Amps) | (Volts) m Factor | Field
(um) (kV/cm)
a 0.05 0.333 0.5452 8.48% 46.70 236.5
%
b 0.06 0.3293 | 0.5436 8.38% 46.81 233.5
%
c 0.07 0.3248 | 0.5418 8.26% 46.93 230
%
d 0.08 0.3394 | 0.6526 17.84% 80.54 441.5
%
e 0.09 0.3353 | 0.6501 17.52% 80.37 4325
%
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Table-3: Results of the Investigations (with ZnO buffer layer) for the
Figures [5-7 & 8] of labels : a, b, ¢, d, and e

Maximum
Figures | Thicknesses Isc Voc Efficiency | Fill Electric
of CdS (Amps) | (Volts) m) Factor | Field
(um) (kVv/cm)

a 0.05 0.3694 | 0.6634 19.64% 80.14 -467
%

b 0.06 0.3663 | 0.66 19.31% 79.87 -456
%

c 0.07 0.3629 | 0.657 19.00% 79.68 -455
%

d 0.08 0.3588 | 0.6541 18.68% 79.59 -445
%

e 0.09 0.3542 | 0.6514 18.49% 80.13 -436
%

IV. Conclusion

Thinning the thickness of the window layer has been an important alternative
way to decrease the absorption in the window layer and enhance the lsc. But it has
been observed that these thinning processes create an outflow current path between
absorber and TCO layers. This pinhole formation severely damages the performance
of the solar cell. After investigation and analyzation of all the results, we have come
to draw the conclusion that with the use of a High Resistive Transparent (HRT) layer
(Zn0O) between TCO and CdS layers, the affects of the formation of the pinholes for
very thin window layer can be repaired.

V. Acknowledgements

The authors would like to acknowledge the research and development cell of
the University of Engineering and Management, Kolkata, India, and Future Institute
of Engineering and Management, Kolkata, India, for the co-operation and advice
extended.

Copyright reserved © J. Mech. Cont.& Math. Sci.
Koushik Sarkar et al.

26




J. Mech. Cont.& Math. Sci., Vol.-14, No.-3, May-June (2019) pp 14-29

References

VI.

VIL.

VIII.

XI.

Zhou Fang , Xiao Chen Wang , Hong Cai Wu , and Ce Zhou Zhao ,
Achievements and Challenges of CdS/CdTe Solar Cells(2011)
doi:10.1155/2011/297350 , Article ID 297350, 8 pages

Askari Mohammad Bagher, Mirzaei Mahmoud Abadi Vahid, Mirhabibi
Mohsen , Types of Solar Cells and Application (2015), doi:
10.11648/j.ajop.20150305.17 , ISSN: 23308486 (Print); ISSN: 2330-8494
(Online) , pp. 94-113.

Shruti Sharma, Kamlesh Kumar Jain, Ashutosh Sharma, Solar Cells:In
Research and Application - A Review(2015) ,
http://dx.doi.org/10.4236/msa.2015.612113 , pp: 1145-1155.

F.V. Wald, Applications of CdTe: A review (1977), doi:
10.1051/rphysap:01977001202027700, pp.277-290.

R.K. Sharma, Kiran Jain, A.C. Rastogi , Growth of CdS and CdTe thin films
for the fabrication of n-CdS/p-CdTe solar cell(2003) , doi:10.1016/S1567-
1739(02)00201-8 , 199 204.

Xuanzhi Wub, High-efficiency polycrystalline CdTe thin-film solar
cells(2004), Doi: 10.1016/j.solener.2004.06.006, pp: 803-814.

Farhana Anwar, Sajia Afrin, Sakin Sarwar Satter, Rafee Mahbub, Saeed
Mahmud Ullah , Simulation and Performance Study of Nanowire CdS/CdTe
Solar Cell(2017) , INTERNATIONAL JOURNAL of RENEWABLE
ENERGY RESEARCH F.Anwar et al., Vol.7, No.2, 2017 .

Saurabh Kumar Pandey and Krishna Kumar , Device Modeling,
Optimization and Analysis of CdTe solar cell(2016) , 978-1-5090-5384-1/16
,295-299.

UtpalMadhu ,Nillohit Mukherjee , Nil Ratan Bandyopadhyay & Anup
Mondal , Properties of CdS and CdTe thin films deposited by an
electrochemical technique(2007) , IPC Code-HO1L 31/042 , PP.226-230 .

Arturo Morales-Acevedo, Thin film CdS/CdTe solar cells: Research
perspectives (2006) , doi:10.1016/j.solener.2005.10.008 .

Saeed Salem Babkair, Charge Transport Mechanisms and Device Parameters
of CdS/CdTe Solar Cells Fabricated by Thermal Evaporation (2010) , DOI:
10.4197/ Sci. 22-1.2 .

Copyright reserved © J. Mech. Cont.& Math. Sci.
Koushik Sarkar et al.

27



XII.

XXII.

XIV.

XV.

XVI.

XVII.

XVIIL.

XIX.

XX.

XXI.

XXII.

J. Mech. Cont.& Math. Sci., Vol.-14, No.-3, May-June (2019) pp 14-29

Ameen M. Ali, K.S. Rahman, Lamya M. Ali, M. Akhtaruzzaman, K. Sopian,
S. Radiman, N. Amin, A computational study on the energy bandgap
engineering in performance enhancement of CdTe thin film solar cells
Results in Physics (2017), PP: 1066-1072

Demtsu, S.H. & Sites, J.R. Effect of back-contact barrier on thin-film CdTe
solar  cells.(2006) Thin  Solid Films. 510. 320-324. doi:
10.1016/j.tsf.2006.01.004.

MURUGAIYA SRIDAR ILANGO and SHEELA K RAMASESHA , Novel
patterning of CdS/CdTe thin film with back contacts for photovoltaic
application(2018) , https://doi.org/10.1007/s12043-018-1542-0 .

Tom Bainesa, , Guillaume Zoppib, Leon Bowenc, Thomas P. Shalveya,
Silvia Mariottia, Ken Durosea, Jonathan D. Majora , Incorporation of CdSe
layers into CdTe thin film solar cells(2018) ,
http://doi.org/10.1016/j.s0lmat.2018.03.010 .

A.Romeo, D.L. Batzner, H. Zogg and A.N. Tiwari , Potential of CdTe thin
film solar cells for space applications (2001) , pp 2183-2186 .

B.L. Williams , J.D. Major , L. Bowen , L. Phillips , G. Zoppi , |. Forbes , K.
Durose , Challenges and prospects for developing CdS/CdTe substrate solar
cells on Mo foils(2014) , http://dx.doi.org/10.1016/j.solmat.2014.01.017 .

A. J. Clayton, V. Di Carlo, S. J. C. Irvine, G. Kartopu, V. Barrioz and D. A.
Lamb, Investigation into ultrathin CdTe solar cell Voc using SCAPS
modelling(2014) , DOI 10.1179/1433075X14Y.0000000259.

Isaiah O. Oladeji, Lee Chow , Synthesis and processing of CdS/ZnS
multilayer films for solar cell application(2005) ,
doi:10.1016/j.tsf.2004.08.114 , pp.- 77-83 .

H.TASSOULT and A.BOULOUFA , The performance of SnO2/CdS/CdTe
type solar cell under influence of CdS buffer layer thickness and series
resistance RS, ISBN: 978-161804-223-1 .

M. A. Matin, Nowshad Amin Azami Zaharim And Kamaruzzaman Sopian A
Study Towards The Possibility Of Ultra Thin Cds/Cdte High Efficiency Solar
Cells From Numerical Analysis(2010), Issn: 1790-5079, Issue 8, Volume 6.

BO ZHANG®", YUN TIAN® , JIANXIN ZHANG®**, WEI CAI*, The FTIR
studies on the structural and electrical properties of SnO,. F films as a
function of hydrofluoric acid concentration (2010), Optoelectronics and
advanced materials-Rapid Communicatiions, Vol-4 , No-8, P: 1152-1162.

Copyright reserved © J. Mech. Cont.& Math. Sci.
Koushik Sarkar et al.

28



J. Mech. Cont.& Math. Sci., Vol.-14, No.-3, May-June (2019) pp 14-29

[XXI1] Nuruzzaman Nor , | van P. Parkin , Halide doping effects on transparent
conducting oxides found by aerosol assisted chemical vapour deposition
(2012) ,http://dx.doi.org/.10.1016/j.tsf2012.10.110 .

[XXIV] Z.Q.Ma' and B.He? , TCO-SI Heterojunction Photovoltaic Devices (2011) ,
ISBN:987-953-307-570-9 , http://www.intechopen.com/books/solar-cells-
thin-film-technologies/tco-si-based-heterojunction-photovoltaic devices .

[XXV] Hyeong Pil Kim, Mi Sun Ryu, Jun Ho Youn, Abd Rashid Bin Mohd Y usoff,
and Jin Jang, , Photomask Effect In Organic Solar Cells With Zno Cathode
Buffer Layerieee ELECTRON DEVICE LETTERS (2012), VOL. 33, NO.
10.

[XXVI] J.D. Majora, [, L.J. Phillipsa, M. Al Turketanib, L. Bowenc, T.J. Whittlesa,
V.R. Dhanaka, K. Durosea , P3HT as a pinhole blocking back contact for
CdTe thin film solar cells(2017),
http://dx.doi.org/10.1016/j.solmat.2017.07.005 ,pp.1-10 .

[XXVI1] Streetman Ben G., Solid State Electronic Device, Prentice-hall, Eastern
Economy Edition(1982) , 2nd Edition, Chapter 5, Junctions, pp. 140-145.

Copyright reserved © J. Mech. Cont.& Math. Sci.
Koushik Sarkar et al.

29


http://dx.doi.org/.10.1016/j.tsf2012.10.110
http://www.intechopen.com/books/solar-cells-thin-film-technologies/tco-si-based-heterojunction-photovoltaic%20devices
http://www.intechopen.com/books/solar-cells-thin-film-technologies/tco-si-based-heterojunction-photovoltaic%20devices

