
DESIGN AND DEVELOPMENT OF HIGH-EFFICIENCY 
CdS/CdTe THIN-FILM SOLAR CELLS BY ENHANCING 
ABSORPTION AND MINIMIZING RECOMBINATION 

 

 

 

 

 

Janith Randima Wijesingha 
 

 

218072V 
 

 

 

 

Master of Philosophy 
 

 

 

 

Department of Electrical Engineering 

Faculty of Engineering 
 

 

 

University of Moratuwa 

Sri Lanka 
 

 

December 2023 



DESIGN AND DEVELOPMENT OF HIGH-EFFICIENCY 
CdS/CdTe THIN-FILM SOLAR CELLS BY ENHANCING 
ABSORPTION AND MINIMIZING RECOMBINATION 

 

 

 

 

Janith Randima Wijesingha 

 

 

218072V 
 

 

 

Thesis/Dissertation submitted in partial fulfillment of the requirements for the degree  

Master of Philosophy in Electrical Engineering 

 

 

 

 

Department of Electrical Engineering 

Faculty of Engineering 
 

 

 

 

University of Moratuwa 

Sri Lanka 
 

 

December 2023 



i 

DECLARATION 

I declare that this is my own work, and this thesis/dissertation does not incorporate 
without acknowledgement any material previously submitted for a degree or diploma 
in any other University or Institute of higher learning and to the best of my knowledge 
and belief it does not contain any material previously published or written by another 
person except where the acknowledgement is made in the text. I retain the right to use 
this content in whole or part in future works (such as articles or books). 

 

 

 

Signature:         Date: 01/09/2024 

 

 

 

 

The above candidate has carried out research for the PhD/MPhil/Masters’ 
thesis/dissertation under my supervision. I confirm that the declaration made above by 
the student is true and correct. 

 

 

 

Name of Supervisor: …………………………………..  Date: 03/09/2024 

             Dr. R.M. Thushara Damayanthi 

 

 

 

Name of Supervisor: …………………………………..  Date: 03/09/2024 

             Prof. Indika De Silva 

 

      

  



ii 

ACKNOWLEDGEMENT 

I would like to express my heartfelt gratitude to the individuals and organizations who 
have generously contributed to the successful completion of my thesis. Without their 
assistance, this journey would have been much more challenging. 

First and foremost, I am deeply grateful to extend my sincere appreciation to my 
esteemed supervisors, Dr. R.M. Thushara Damayanthi (Department of Electrical 
Engineering, University of Moratuwa, Sri Lanka) and Prof. Indika De Silva 
(Department of Materials Science and Engineering, University of Moratuwa, Sri 
Lanka). Their mentorship, expertise, and continuous support have been instrumental 
in shaping this research and its outcomes. 

I extend my special thanks to Professor D.S.M De Silva (Department of Chemistry at 
the University of Kelaniya) and Ms. Udani Gajanayake (Department of Chemistry at 
the University of Kelaniya) for their invaluable assistance in providing laboratory 
resources and equipment. Their generosity in facilitating crucial experiments and 
hands-on experience greatly contributed to the success of this study. 

I am deeply grateful to Dr. Imalka Jayawardhane and Mr. Vinura Wickramasinghe 
from the Department of Computer Science and Electronic Engineering at the 
University of Surrey, United Kingdom. Their assistance in obtaining vital 
measurements for my samples, especially in a context where such facilities are limited 
in Sri Lanka, was pivotal to the progress of my research. 

I would like to express my sincere appreciation to the Senate Research Grant of the 
University of Moratuwa under the grant number SRC/LT/2021/08 that financial 
support made it possible for me to undertake this study.  

Finally, I extend my heartfelt thanks to my beloved parents and my dear wife for their 
understanding, unwavering encouragement, and constant support throughout this 
journey. Your love and patience were crucial in making this project a success.  



iii 

ABSTRACT 

Second-generation solar cells, known as thin-film solar cells, have emerged as 
promising alternatives to traditional silicon-based first-generation photovoltaic cells. 
As the solar cell arrangement, superstrate configuration is the widely used structure 
for constructing thin-film solar cells. Nevertheless, less broadband light absorption due 
to light reflection from the front cover glass surface and carrier recombination at 
absorber layer back surface mainly contributes to less performance in thin-film solar 
cells. Herein, ZnO anti-reflection (AR) coating was introduced using spin coating 
technique on glass/FTO/CdS/CdTe/Cu/Au substrate to enhance the power conversion 
efficiency of the solar cell through reduction of front surface reflectance. The ZnO 
layer deposited at 3000 rpm in 15 s showed the minimum reflectance and higher 
transmittance over the 500-900 nm wavelength region. Further, the thickness of the 
optimal condition film was 63.32 nm, which was compatible with the ideal theoretical 
AR coating thickness of 65 nm. Comparing the device performances of the CdS/CdTe 
solar cell with AR coating and without AR coating, all tested devices have shown an 
average short circuit current density improvement of 6.7%, and the overall power 
conversion efficiency enhancement of 9%. Furthermore, a simulation study for CdTe 
solar cells was conducted using parameters of laboratory-developed solar cells. The 
variation between simulated and experimental data was discussed. Subsequently, to 
mitigate recombination at the back surface, the study suggested a solution: the 
introduction of a SnS back surface field (BSF) layer between the absorber layer and 
the back contact layer. This investigation was carried out using the SCAPS-1D 
simulation platform. According to the results obtained, the average power conversion 
efficiency was improved by 38%. Moreover, the simulation suggested that this 
approach could reduce the thickness of the CdTe layer, subsequently lowering 
manufacturing costs. 

Keywords: AR coating, BSF layer, CdS/CdTe solar cell, SCAPS-1D, Spin coating 
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