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In this article we hear from Oliver 

Rigby Department of Physics, 

Durham University, about his 

current PhD research to identify 

and develop a new material for 

solar cells which uses earth-

abundant elements, is 

sustainably produced and uses a 

novel mechanism to provide 

electricity. Oliver’s PhD is part of 

the ReNU Centre for Doctoral 

Training and is supervised by DEI 

Fellow Dr Budhika Mendis and Dr 

Michael Hunt. 

 

With the need for renewable 
energies more pressing than ever, it 
is worth seeking new materials for 
solar cells to aid mitigating the 
effects of the climate crisis. These 
new materials must be high 
performing, sustainable, cheap and 
easily scaled for manufacturing. 
Traditionally solar cells have been 
made of silicon, a type of material 
called a semiconductor. An 

overlooked class of materials to use 
are "ferroelectrics" which have a 
built-in-electric field. This electric 
field aids in transporting charge 
carriers (i.e. electrons). My research 
project looks to develop a naturally 
occurring ferroelectric mineral 
called bournonite (CuPbSbS3) into a 
fully-fledged photovoltaic device 
ready for the next generation. 
 
From silicon to thin-film PV 

In the last 40 years or so, silicon 
has been the dominant material of 
choice for solar cells. This is due to 
the prevalent electronics industry 
that was present at the time PV 
manufacturing started to upscale to 
be commercial. Silicon is not an 
ideal material to use though as it 
physically has non-optimum 
properties. 
  

 
An important characteristic for solar 
cells is the "bandgap" of the 
absorbing material. The bandgap 
determines the energy that can be 
absorbed and silicon's bandgap is a 
little smaller than ideal. Not only this 
but silicon comes from heating sand 
which requires temperatures of 
around 1700°C - such high 
temperatures require a lot of 

energy. For these reasons, the 
research field of thin-film PV 
devices was born, which aims to 
use materials better optimized for 
capturing the energy of the Sun and 
made using as little energy as 
possible. 
 

 

 
 
Figure 1: Flexible thin-film solar cells made of 
cadmiumtelluride (CdTe) are already seeing 
success in solar farms. 

 
Thin-film PV is especially exciting 
as by using better quality materials, 
the thickness of solar cells can be 
reduced significantly, as seen in 
figure 1. This allows thin-films to be 
flexible which gives them a much 
larger range of applications. One 
exciting prospect is building-
integrated PV, where solar cells 
become part of building design, 
even on curved surfaces. Typically 
thin-film PV materials are made of 
semiconducting materials, but my 
project looks to use a different class 
of material called ferroelectrics. 
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Ferroelectrics have an inherent 
electric field which provides a large 
voltage. This can greatly improve 
the transport of charge carriers 
which are produced from 
interactions with light as shown in 
figure 2. This mechanism is similar 
to how batteries work, where a 
voltage provides the force to drive 
electrons around a circuit. For 
existing solar cells, semiconductors 
must be manufactured to have a 
voltage and this voltage is lower 
than what ferroelectrics can 
achieve. Ultimately this means 
higher efficiency devices are 
possible when using ferroelectrics. 
 

 
While theoretically ferroelectrics 
suggest promising results, they are 
experimentally not keeping up. Most 
ferroelectrics have a bandgap which 
is much larger than ideal for 
capturing energy from the sun. 
They also typically have very poor 
conductivities. However, 
increasingly they are receiving 
interest for solar cell prospects as 
new ferroelectrics are being found 
which do have good properties.  
My research looks to develop a 
rising star of ferroelectric materials 
called bournonite (CuPbSbS3). 
 
Bournonite – the rising star 

Bournonite (CuPbSbS3) is a 
naturally occurring mineral found in 
mines around the world, including 
Cornwall and Wales. It has a good 
bandgap, is a strong absorber of 
light and most excitingly is a very 
new material to the research field. 

Just this year the first paper has 
been published on a working 
bournonite solar cell which 
achieved an efficiency of 2.3%. 
While this may seem small, it is a 
very impressive figure for a novel 
material.  
 
There is still a long way to go before 
bournonite can be operational in 
industry though. For materials to be 
seriously considered for 
applications they have to achieve 
efficiencies of 15% outdoors which 
means reaching at least 20% in 
laboratory conditions. Owing to the 
freshness of bournonite in the field 
there are a lot of problems to be 
solved.  
 
Our Bournonite research   

My research deals with not only 
using a new material but will also 
consider the scalability and 
sustainability of the solar cells 
fabricated. To be a contender for 
industry it is vital to use low energy 
fabrication methods which produce 
as little waste as possible. The 
overall challenge then is to optimise 
a method of synthesising 
bournonite in the lab and to utilise 
its ferroelectric behaviour to 
improve the performance of a 
photovoltaic device. 
 
One source of inspiration for a low-
energy-impact synthesis comes 
from the work of Dr Guillaume 
Zoppi of Northumbria University. Dr 
Zoppi develops a different thin-film 
PV material called Cu2ZnSn(S,Se)4 
(CZTSSe) using a technique called 
"hot injection". This is where 
different chemical solutions are 
mixed together and heated up. The 
resultant crystals of CZTSSe can 
then be "spin-coated" onto a solar 
cell base so as to get an even 
coverage of absorbing material. 
This method of fabrication differs 
from silicon where a technique 
called "vacuum deposition" is used 
to put the silicon onto a base. 
Vacuums require a lot of energy to 
maintain and so by eliminating the 

need for them, Dr Zoppi has 
succeeded in reducing the energy 
costs.  
 
A similar solution-based synthesis 
of bournonite has been successfully 
done for the first time at Durham 
University with the help of Dr Marek 
Szablewski. After a day of work, the 
resultant bournonite gave a yield of 
around 0.2g.This small amount of 
material will be enough to make the 
first test device and to characterise 
its properties. 
 

 
 
Figure 2: A diagram of a ferroelectric PV device. 
The incoming light creates electron-hole pairs 
which are separated by the built-in electric field 
provided by the ferroelectric. 
 

For now, the next step is to analyse 
the size, shape and growth-
orientation of the fabricated 
bournonite particles. This will help 
to choose which materials to use 
alongside them in a PV device in 
order to get the best performance. 
To do this, the technique of electron 
microscopy, with the support of Dr 
Budhika Mendis, will prove 
invaluable as it can give information 
on an atomic scale. Once this 
analysis is complete it will be 
possible to form the first bournonite 
PV cell at Durham University. 
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Challenges 

There are a variety of challenges to 
consider when using bournonite. 
Although it is a promising PV 
material, it naturally contains lead, 
Pb, which is a neurotoxin. There is 
growing concern over the use of 
toxic materials in solar cells and so 
to address these concerns and to 
make it more marketable, the 
effects of substituting lead for an 
alternative element (such as tin) will 
be investigated. This has been 
done successfully for another type 
of solar cell materials called 
"perovskites" and so there is hope 
for non-toxic variants for bournonite. 
 
Other problems surrounding current 
thin-film materials are elemental 
scarcity (causing devices to be 
more expensive) and unsustainable 
mining practices in third-world 
countries. However it is worth 
noting that the chemicals used to 
form bournonite synthetically in 
laboratory conditions are earth-
abundant and relatively cheap. 
 
Bournonite shows promise to be 
a next generation material for 
solar cells with exciting results 
achieved so far. There is the 
potential for a high efficiency 
device which uses earth-
abundant elements, is 
sustainably produced and uses a 
novel mechanism to provide 
electricity.  
 
One of the most stimulating 
aspects of this research is the 
blue-sky notion of it. These early 
stages invite creativity and the 
privilege to take a step back and 
critically analyse the traditional 
developmental processes of PV 
devices. 

 

Oliver Rigby, October 2020 

What is ReNU CDT? 
Renewable Energy Northeast Universities Centre for Doctoral 
Training (ReNU CDT) is a £5.5m doctoral training programme in 
Energy Materials funded by EPSRC.  The project is a partnership 
between Northumbria, Newcastle and Durham Universities which 
builds upon the significant breadth of expertise and recent 
successes in national Energy Materials research funding.   
 
ReNU CDT will train more than 60 PhD students over 9 years to 
satisfy the UK’s need for highly-skilled researchers in renewable 
and distributed energy.  
 
The training provided goes beyond that provided in a normal 
PhD to include a mini-MBA, responsible innovation training, 
researcher skills and specialist modules on energy materials and 
experimental techniques.   
  
The scientific focus of ReNU CDT are the materials science 
issues that underpin future renewable energy technologies in the 
following areas: 

• Photovoltaics 

• Fuel cells and Hydrogen 

• Wind/marine turbines 

• Smart Grids and Systems 

• Solar and Bio fuels 

• Batteries and Storage 
  
How can industry get involved and what are the benefits? 
We are seeking to broaden and deepen our relationships with 
industry.  These relationships might take the form of:  
  

1) Delivering some training, a seminar, or workshop: We 
aim to provide our students with both a breadth and depth 
in knowledge of energy materials, the wider energy 
system, and the business environment in which it 
operates – and we would be delighted to welcome further 
contributions from our partners.   

2) Proposing and/or collaborating on research. 
3) Telling us what skills your industry needs.  

 
Benefits to industry of participating in ReNU CDT 

• It gives greater visibility of your company to our highly 
trained students. 

• Match funding towards the cost of a PhD scholarship for 
industry proposed collaborative projects. 

• A convenient way to begin or develop a research 
collaboration with our leading Durham academics.   

• Opportunity to pitch energy materials related short 
projects for our students to work on as part of the training 
programme. 
 

If you would like to discuss engaging with the ReNU CDT please 
contact chris.groves@durham.ac.uk  
  
Find out more at: https://renu.northumbria.ac.uk/  

https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Frenu.northumbria.ac.uk%2F&data=04%7C01%7CChris.Jones%40ghd.com%7Ce4fdce2b08404635cc8008d87519836a%7C5e4e864c3b824180a5155c8fb718fff8%7C0%7C0%7C637388099777652735%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=F1miJKRVbPvIWCetLoS7o%2BIoIk%2Fr6LliNeClUiPrDK8%3D&reserved=0
https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Frenu.northumbria.ac.uk%2F&data=04%7C01%7CChris.Jones%40ghd.com%7Ce4fdce2b08404635cc8008d87519836a%7C5e4e864c3b824180a5155c8fb718fff8%7C0%7C0%7C637388099777652735%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=F1miJKRVbPvIWCetLoS7o%2BIoIk%2Fr6LliNeClUiPrDK8%3D&reserved=0
mailto:chris.groves@durham.ac.uk
https://renu.northumbria.ac.uk/
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