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ABSTRACT

Device simulation is used to investigate the effects of metal back contacts on the performance of
CdSCdTe thin film solar cells at different working temperatures. The simulations were done for
chemical and physical based deposition techniques. The working temperatures studied ranges
from 300 to 600K for Copper, Cobalt and Platinum back contacts using standard SCAPS 3.3.03
version software. Thin film solar cells with Platinum back contact of work function of 5.6eV
exhibited better efficiency 17.24% at working temperature 350K with chemical method and
18.54% at 300K for physical method. Cobalt with metal work function of 5.0eV had 5.66%
efficiency at working temperature 400K with chemical method and 6.58% at working
temperature 300K for physical method. Copper with work function of 4.7eV showed the least
efficiencies of 0.81 and 0.73% for chemical and physical method respectively at the same
working temperature of 300K. The right metal work function should be selected as back contact
electrode and using back contact buffer is encouraged to enhance the efficiency.



Introduction

Electrical and optical numerical simulations of thin film sotalls are becoming a
common practice [1, 2, 3]n recent years, the study on CdTe solar cells has made naticeabl
progress and has been put into large scale production. The benefih@fCdTe is for being a
direct bandgap material with high absorption (in relationship silicon) and the ease of device
processing. It can be deposited on glass in thin film typicaligwa micrometers and at low
temperature [4, 5, 6]. The theoretical efficiency of CdTe smis is predicted to be up to 28%,
while the best experimental efficiency on laboratory shake so far reached is less than 20%
which is far from theoretical prediction [7, 8, 9]. One of the majopdct factors for this

difference is CdTe back contacts.

It is has been shown that a CdTe back contact barrier mayspenggble for the
frequently observed rollover of the current-voltage characterigtitjsand reported to strongly
influence the cell behavior [11]. An important issue related to thiéinig performance of CdTe
cells is the back contact [4]. It is very difficult to achiew®d ohmic contacts between the CdTe
layer and metal back electrodes due to differences in work furantidelectron affinity between
the metals and semiconductors. The working temperature of thes RNsa an issue. The
electrical performance is primarily influenced by the tyfePV used. A typical PV module
converts 6-20% of the incident solar radiation into electricityeddmg upon the type of solar
cells and climatic conditions. The rest of the incident solar radiation is ¢edveto heat, which
significantly increases the temperature of the PV moduleredaces the PV efficiency of the

module [11]. The efficiency] (%) of the thin film solar cells [12] is given as
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Where haxand \nax are the current and voltage obtained at the maximum power point on the
photovoltaic power output curve ang B the power density of the incident radiation
respectively.

In this paper, efforts are made to investigate the performances of CdS/Gdfilentisolar
cells at different working temperature conditions for Platinum, Cobalt and Coppecdrdekt

electrodes.

The simulation program SCAPS

SCAPS is a windows application program, developed at the UnivearsiGent with
LabWindows/CVI of National Instruments. It has been made availalhlaitversity researchers
in the photovoltaic community after the second PV World Conference iam,W1998. The
program opens with an ‘action panel’, where the user can set aninggraint (temperature,
voltage, frequency, illumination) and action list of calculationsatoycout (I-V, C-V, C-f, Q)).

SCAPS version 3.3.03, which is available now, has some enhancements ooer Z€rso 3.0

2.

Design Method

In this design, the schematic of a CdTe thin film solar celdl usehe simulation with
ITO/ZnO/CdS(n-type)/CdTe(p-type)/metal structure is shownveel he simulations were done
by considering the thickness of CdS and CdTe to be 100nm and 7Animdasv and active layer
respectively. The electron affinity used for CdS and CdTe wereardd54.3eV with energy
bandgap of 2.45 and 1.45eV respectively among other parameters. The wankiegateres

were varied from 300 to 600K while studying the efficiencies @/CdTe thin film solar cells



with different back contact electrodes under investigation for darand physical methods of

deposition. Figure 1 shows the CdS/CdTe thin film structure in superstrate catdigur
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Figure 1: CdS/CdTe thin film structure in superstrate configuration under et



Results and Discussion
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Fig 2: % Efficiency against Working Temperatures for chemical methddRAdtinum back
contact
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Fig 3: % Efficiency against working Temperature for physical method witinBha back
contact
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Fig 4: Comparison between efficiency of chemical and physical methods waithuph back
contact

The efficiencies of Platinum back contact CdS/CdTe thin filnarscélls degraded from
the threshold working temperature for both chemical and physicalodsetf deposition. For
chemical method, the best efficiency achieved was 17.24% at thresbddthgvtemperature
350K (Figure 2) while for physical method; efficiency of 18.54% wwekieved at threshold
working temperature 300K (Figure 3). The efficiencies of bothnigcies degraded as the
temperature increases from their respective threshold workingetatares. The increases in
temperature supposed to aid the conversion efficiency but convertedttaritehave effect on

the device efficiency.

The work function of Platinum (5.6eV) is close to that of Cadmiumufidé, so
electrons can easily be moved to the back contact electrode. At 3%0&bave, efficiency of
chemical method were slightly higher than that of physieahnique of deposition at the

working temperatures under investigation (Figure 4).
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Fig 5: % Efficiency against working Temperature for chemical method with Clodeit contact

% Efficiency

[ I R o B V'E I U Wy B o) B
1

300 350 400 450 500 550 600 650

Working Temperature (K)

Fig 6: % Efficiency against working Temperature for physical method with Clohek contact
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Fig 7: Comparison between Efficiency obtained with chemical and physidabdsetvith Cobalt
back contact electrode



Using Cobalt with metal work function of 5.0eV as back contact eléefrefficiencies
obtained for both chemical and physical methods diminishes in relaitivehat obtained with
platinum back contact (Figure 7). At 300K, efficiency of 6.58% wasioétl with physical
method (Figure 6) whereas no efficiency obtained with chemiethad at the same working
temperature (Figure 5). Efficiency of 5.66% was obtained witangcal method at 400K
working temperature. When the working temperature of the PV iresdasm the threshold

value, efficiency of the PV decreases for both methods due to the heating effect.

The type of metal back contact electrode used has contributée wotvnfall of the

efficiencies for the two methods owing to the disparity leetwthe work function of Cobalt and

the cadmium telluride.
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Fig 8: % Efficiency against working Temperatures for chemical method with €bpple
contact
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Fig 9: % Efficiency against working Temperatures for physical method with Cbppk
contact
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Fig 10: Comparison between efficiency obtained with chemical and physittadsenith
Copper back contact electrode.

For Copper back contact electrode, efficiency at different wgrt@mperatures was very
poor less than 1% for both chemical and physical methods of deposhiwncopper electrode
on Cadmium Telluride presents a non ohmic contact owing to the dasparity in minimum

thermodynamic work required to remove electrons from the sudbdtee active layer to the
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back contact electrode. Different work functions and Fermi energy levedbtisés between them

plays a major role in the reduction of CdS/CdTe thin film conversion efficiencies.

Conclusion

In this work,CdS/CdTe thin film solar cells with Platinum back contact of work function
of 5.6eV exhibited better efficiency 17.24% at working temperature 3@@Kchemical method
and 18.54% at 300K for physical method. Cobalt with metal work function of 5h@d\b.66%
efficiency at working temperature 400K with chemical method &¥i8% at working
temperature 300K for physical method. Copper with work function of 4.7eVezhthe least
efficiencies of 0.81 and 0.73% for chemical and physical method tesggcat the same
working temperature of 300K. The working temperature plays a cmat@in the photovoltaic
conversion process. The electrical efficiency and the power outuPbdf cells depends on the
working temperature. The right metal work function as back comgctrode is also very

important to enhance the performance of CdS/CdTe thin film solar cells.

Acknowledgement

This work is supported by Prof. Marc Burgelman and the entiretralécs and

Information Systems,University of Gent, Belgium.

11



References

[1] Marc Burgelman, Koen Decock, Samira Khelifi, Aimi Ab@2613): Advanced Electrical
Simulation of thin film solar cells. Elsevier Thin Solid Films 535. Pp 296-301.

[2] Burgelman M, Nollet P and Degrave S. (2000): Modelling PolyciiystaSemiconductor
Solar Cells. Elsevier Thin Solid Films, 361-362. Pp 527-532.

[3] Koen Doecock, Samira Khelifi and Marc Burgelman (20Mgdelling multivalent defects
in thin film solar cells. Elsevier Thin Solid Films 519. Pp 7481-7484.

[4] Hamid Fardi and Fatima Buny (2013): Characterization and mod&i@dS/CdTe
Heterojunction Thin-film Solar Cell for High Efficiency performanogéetinational Journal
of Photoenergy. ID 576952.Pp 1

[5] Mousumi Mandal, Shamima Choudhury, Chitra Das and Tahmina Begun (Zubbgrate
Temperature Dependent Optical and Structural properties of Vdewamorated CdTe Thin
films. European Scientific Journal. Vol. 10, No 3. ISSN: 1857-7881. Pp 442

[6] Williams B.L, Major J.D, Bowen L, Phillips L, Zoppi G, ForbésDurose K (2014):
Challenges and prospects for developing CdS/CdTe Substrate 8slanddo foils. Solar
Energy materials & solar cells 124. Pp 31-38.

[7] Lei Zui, Feng Lianghuan, Zeng Guanggen, Li Wei, Zhang JinggW&u Lili and Wang
Wenwu (2013): Influence of &8 back contact on CdTe thin film solar cells. Journal of
semiconductors. Vol. 34, No 1. Pp 1

[8] Bridge C.J, Dawson .P, Buckle P.D and Ozsan M.E (2000): Low Tetapera
Photoluminescence Spectroscopy of thin film polycrystalline CdiEe/Golar Cell
Structures. Semicond.Sci. Techno. 15, Pp 975-979. UK.

[9] Deivanayaki S, Jayamurugan P, Mariappan R and Ponnuswamy V (2@ii¢al @nd
Structural Characterization of CdTe thin films by ChemicathBDeposition Technique.
Chalcogenide letters, Vol.7, No 3. Pp 159-163.

[10] Alex Niemegeers and Marc Burgelman (1996): Numerical mogleli ac-characteristics of
CdTe and CIS Solar Cells. Proc. 25nd IEEE photovoltaic specialistierence
(Washington D.C). Pp 901-904, IEEE, New York.

[11] Verschraegen J and Burgelman M (2007): Numerical modelingraflband tunneling for
heterojunction solar cells in SCAPS. Elsevier Thin Solid Films 515. Pp 6276-6279.

[12] Kumar S, Deenathayalan J and Gowthaman P (2014): Synthesis dflamiPods using
Hydrothermal Method for Natural Dye Sensitized Photovoltaic BEIGDS. Vol. 1, Issue
1.Ppo.

12



