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Rapid introduction of renewable energy is essential in order to meet future energy demands without further polluting 

the environment. Solar energy conversion plays a very important role in this, but current solar panels based on 

silicon are expensive because of the cost of processing silicon due to the high energy consumption. The way forward 

is to move towards thin-film solar cells using alternative materials and low-cost manufacturing methods. The 

photovoltaic community is actively researching thin-film solar cells based on amorphous silicon, cadmium telluride 

(CdTe), copper indium gallium diselenide (CIGS), dye-sensitised materials and organic semiconductors/polymers. 

However, progress has been slow owing to the complications of the physics behind these devices. 
 

This book concentrates on the latest developments and understanding of device physics underlying thin film solar 

cells. The material presented is mainly experimental and based on CdTe thin-film solar cells. The author extends 

these new findings to CIGS and GaAs based thin-film solar cells and presents a new device design based on graded 

bandgap multilayer solar cells. This design has been experimentally tested using the well-researched GaAs/AlGaAs 

system, and initial devices have shown impressive device parameters (Voc≈1175 mV, FF≈0.85, and Jsc≈12 mAcm
–2

). 

In particular, the Voc represents the highest recorded value together with highest possible FF values to date for a 

single PV device, indicating the right approach for PV solar cell development. This device is capable of absorbing 

all radiation (ultra-violet, visible, and infrared) within the solar spectrum as well as heat energy from the 

surroundings and combines these with “impact ionisation” and “impurity photovoltaic” effects. The conversion 

efficiency of graded bandgap device has improved to ~20% using only two growth attempts. The improved device 

understanding presented in this book should impact and guide future device design, low-cost thin-film solar panels 

development and manufacture. 
 

    
 

The author, I. M. Dharmadasa is 

Professor of Applied Physics and 

Head of the Electronic Materials and 

Sensors Group at Materials and 

Engineering Research Institute 

within Sheffield Hallam University, 

UK. He has worked extensively in 

semiconductor research since 

becoming a PhD student at Durham 

University as a Commonwealth 

Scholar, in 1977, under the 

supervision by Prof. M. C. Petty and 

the late Sir Gareth Roberts. Prof. 

Dharmadasa’s interest in the 

electrodeposition of thin-film solar 

cells grew when he joined the 

Apollo Project at BP Solar in 1988. 

He explored this simple but 

powerful semiconductor growth 

technique after joining Sheffield 

Hallam University in 1990. He has 

over 200 publications and 

presentations on both research and 

development and applications of 

solar energy, 6 patents on thin-film 

solar cells and has successfully 

supervised 14 PhD programmes to 

date. He won several scholarships 

and awards, including the 2001 

Eurosolar UK Prize for inspiring 

renewable energy applications. Prof. 

Dharmadasa is also passionate about 

promoting the use of renewable 

energy for economic development, 

the reduction of poverty and is 

active in setting up solar-powered 

energy hubs in developing countries 

to empower rural communities 

through education and commerce. 

"Solar Village" project has been 

successfully designed, piloted in 

2008 in Sri Lanka, monitored for 4 

years under his supervision and now 

in the replication stage. More details 

on: Dharme's blog at: www.apsl.org.uk 
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