
 
 

 

 

 

 
Exploring Possibilities to Enhance Silicon Solar Cell 

Efficiency by Downconversion of Sunlight 

 

by 

Muddassar Naeem 

 

Thesis submitted for the fulfilment of the degree of  

Master of Philosophy 

 

 

 

The University of Adelaide 

School of Chemistry and Physics 

April 2015 

  



i 
 

 

 

 

 

Statement of Declaration 

 
I certify that this work contains no material which has been accepted for the 

award of any other degree or diploma in my name, in any university or other 

tertiary institution and, to the best of my knowledge and belief, contains no 

material previously published or written by another person, except where due 

reference has been made in the text. In addition, I certify that no part of this work 

will, in the future, be used in a submission in my name, for any other degree or 

diploma in any university or other tertiary institution without the prior approval of 

the University of Adelaide and where applicable, any partner institution 

responsible for the joint-award of this degree. 

I give consent to this copy of my thesis, when deposited in the University Library, 

being made available for loan and photocopying, subject to the provisions of the 

Copyright Act 1968. 

I also give permission for the digital version of my thesis to be made available on 

the web, via the University’s digital research repository, the Library Search and 

also through web search engines, unless permission has been granted by the 

University to restrict access for a period of time. 

 

Muddassar Naeem 

12 October, 2014  
 

Supervisors: 

  Prof. Jesper Munch 

  A/Prof. Murray Hamilton 

  A/Prof. Heike Ebendorff-Heidepriem  



STATEMENT OF DECLARATION 

ii 
 

 



 

iii 
 

 

 

 

 

 

 

To my family 

  



 

iv 
 

 



 

v 
 

 

 

 

 

Abstract 

 
Improving the efficiency of solar cells is an active area of research in photovoltaic 

industry. The research work presented in this dissertation is based on a quest for 

better and improved silicon solar cells. The current work aims to explore different 

possibilities by studying advance approaches for PV applications. Additionally this 

work is intended to seek the feasibility of new photonic concepts for improving 

silicon solar cells. 

In this work we have investigated solar downconverters consisting of tellurite 

glass. Their fabrication process is discussed followed by the experimental 

characterization. Optical measurements such as absorption spectra, fluorescence 

spectra and fluorescence quantum efficiency are undertaken. These optical 

measurements enabled to understand physical processes associated with the 

materials used. 

Furthermore, the work presented in the thesis is focused on the realization of a 

downconverter. The work can be roughly sub-divided into two parts. One part 

identifies the suitable energy conversion materials and the second part deals with 

the development and demonstration of the experimental method for 

characterizing a downconverter. The final part of the work extends investigation 

for more efficient materials prior to their use at the practical level. We also 

propose an architectural design for the efficient use of a downconverter with a 

silicon solar cell. 
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