Sheffield
Hallam
University

S S SUHE ()

+ $
+ $ $
$ " $
. , -% $ , " $, 9
$ $
/ S B SUHE () S S S%#

$ $ ", 0s$ "


http://shura.shu.ac.uk/information.html




"%

%

# $ % & '()*+,~k

$-./01 .% 1. 2/
3 %
6 % 4 %
6 4
# JORE
7, 894 | %
4
1 8
0 2 S 4
n # 4
"4.4 > ?2%(



%

%

#
& $



Declaration

I hereby declare that this thesis is my own work and it has not been submitted elsewhere

for any award.



Abstract

This thesis presents experimental work and analysis in research and development of
low-cost thin film solar cells. In this work, three semiconducting materials were studied.
These semiconducting materials are from group II-VI or also known as ‘two-sixers’ from
periodic table. The semiconductors are cadmium sulfide (CdS), cadmium telluride (CdTe)
and zinc telluride (ZnTe).

All of these layers were obtained by growing them using electrodeposition in
aqueous solutions. In this project, electrodeposition using 2-electrode system was employed
to deposit all of the semiconductors. The decision was taken to avoid contamination that
might be happening due to the leakage of foreign ions such as K" and Ag” contained in the
reference electrode into the electrolyte.

To help in optimizing the semiconducting layers, three characterization techniques
were used frequently. These techniques are optical absorption, x-ray diffraction (XRD) and
photoelectrochemical (PEC) cell measurements. These techniques were used to study the
optical, structural and electrical conductivity type of the electrodeposited layers
respectively. After optimizing the layers using the above three techniques (optical
absorption, XRD and PEC), other advance analytical techniques (SEM, XRF, D.C.
conductivity measurement, photoluminescence and UPS) were used to fully characterize
the materials. This information was also used to further optimize the material layers.

At the later stage of this project, research was concentrated on fabricating and
assessing solar cell devices. Initial devices fabricated had glass/FTO/CdS/CdTe/Au
structure. Current-voltage (I-V) measurement was employed to assess the performance of
solar cell devices by measuring the open circuit voltage (¥,.), short circuit current density
(Jyo), fill factor (FF) and conversion efficiency (7). The highest efficiency obtained from
this solar cell structure was 10.1%. However, this structure had low fill factors in the range
of 0.25 t0 0.4,

To solve this problem, an insulating layer was incorporated into the device to create
metal-insulator-semiconductor  type structures. Results have shown that by
electrodepositing insulating p-type ZnTe layers on top of CdTe, the fill factor can be

improved.
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Figure 1.1: Horizontal axis wind turbine (HAWT) showing its main components.

Redrawn from [8].

Basic components of HAWT consist of blades, gearbox, electrical generator,
tower and yaw. After considering operational cost, maintenance cost and efficiency, few
components are incorporated into the system such as controller, brake, anemometer and
transformer. The blades are designed to have the same profiles like the aeroplane wings
as shown in Figure 1.2. High speed wind flows at the top will create low pressure region
while the low speed air stream at the bottom creates high pressure. The whole process

finally induces lift upon the blades.
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the other side can be controlled. Close to the dam huge water reservoir will be built to
increase the water storage.

The next task for hydropower engineers is to install turbines and intakes.
Installation of intakes will allow hydro power plant operators to control the flow of
water through the turbines. The control of water flow through the turbines will
determine the electrical power output. If the demand for electrical power is high, more
intakes will be open so that more turbines will be driven thus generates more power.
Hydro power plant can be built to supply electrical power in gigawatt range. Examples
given, Three Gorges Dam in China (22.5 GW) [14], Itaipu Dam at Brazil and Paraguay
border (14 GW) [15] and Tucurui Dam in Brazil (8 GW) [16]. Besides fossil fuel and
nuclear power plants, hydropower plants also capable for supplying electricity for base
load demand to households and industries. The available power, P can be calculated

from Equation 1.1 [17],
P=1n.p.Q.g.h (1.1)

Where;
P is the power in watts
1 is the dimensionless efficiency of the turbine
p is the density of water in kilograms per cubic metre
Q is the flow in cubic metres per second
g is the acceleration due to gravity

h is the height difference between inlet and outlet

Even though hydro power has zero fuel cost and nearly zero CO, emission
during operation, the cements and metals used in the construction of a dam are the
sources for CO, and CHy4 emission. The capital cost to build a hydropower plant is
hugely expensive. The cost includes civil engineering works, land reclamation,
population relocation, etc. Besides that, the construction of hydropower plant could lead
to the deteriorations of environmental quality nearby the power station. News regarding

these issues have been reported in Nature magazine in May 2011 [18].
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Rotation

Figure 1.8: Wells turbine has symmetrical airfoil for all blades to ensure only one-way

rotation. Redrawn from [21].

1.2.,6 Biomass energy

Biomass energy is already being used nowadays. Lack of landfills available
today, drives the policymakers to think the alternative ways of managing wastes. Any
waste that is biodegradable is the source of biomass. The sources of biomass are shown
in Figure 1.9. Some biomass energy systems depend on the production of synthetic gas
(syngas) from biomass sources. Syngas is the mixture of carbon monoxide (CO) and
hydrogen (H»). The next sub-section will be discussing about anaerobic digestion and

gasification.
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The solar irradiance (measured in Wm™) is governed by the air mass coefficient
(simply known as air mass - AM). Air mass coefficient is defined as reciprocal of cos
©,. Where O, is the angle between the actual position of the sun with respect to the

zenith as shown in Figure 1.13 [30].

M=—2 (1.2)

cos 6z

Atmysphere

Figure 1.13: Determination of air mass coefficient based on the position of the sun with

respect to the zenith.

When the sun stands at the zenith, the air mass coefficient at the top of the
atmosphere is known as AMO0.0. The power incident per unit area (solar irradiance) at
this location is ~1367 Wm"™ [30]. This value is designated as the solar constant. At the
sea level, the air mass is known as AM1.0 and the solar irradiance will further reduce to
just over ~1000 Wm™[31]. This reduction is due to the absorption and scattering of the
incident radiation by particulate matter, clouds and air molecules [30]. If the sun moves
48.2° from the zenith, the power incident per unit area on the Earth's surface is
equivalent to ~1000 Wm™. At this location, air mass coefficient is known as AM1.5 and
it is widely used among the solar cells researchers around the world to evaluate the

performance of solar cells and solar panels [29].
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1.3  Aim and objectives

During the past two decades, research progress in CdS/CdTe solar cell has been
stagnated due to lack of understanding in this complex electronic device. Majority of
research groups work on p-n hetero-junction structure between n-type cadmium sulfide
(n-CdS) and p-type cadmium telluride (p-CdTe). After Britt and Ferekides reported 15.8%
efficiency in 1993 [37], the efficiency of the CdS/CdTe just increased to 16.5% after 8
years [38].

In 2002, Dharmadasa et al proposed a new model to explain the photovoltaic
activity of CdS/CdTe solar cells. They proposed that in the future, the development of
CdTe solar cells should be based on the new design which is the n-n hetero-junction
between n-CdS/n-CdTe plus large Schottky barrier at the back of the cell [39]. In this
paper, they have reported 18% conversion efficiency. The solar cells were fabricated
using electrodeposited CdTe from non-aqueous solution (ethylene glycol) at
temperature of 160°C.

However, the primary use of ethylene glycol as the automobiles’ coolant and
anti-freeze agent raise concerns about the toxicity. The safer way to electrodeposit
semiconducting materials is by substituting ethylene glycol with deionized or double
distilled water as the solvent. In fact, the performance of CdTe solar cells
electrodeposited from an aqueous electrolyte is satisfactory if judging from the reported
efficiencies by BP Solar (14.2%) [40] and Baker et al (13.5%) [41].

The main aim of this research project is to contribute towards the development
of low-cost high efficiency thin film solar cells. Most works carried out in this project
are based on the previous works reported by D.G. Diso [42]. In his works, he has
identified the suitable growth voltages to electrodeposit CdTe layers using 2-electrode
system in an aqueous electrolyte. From his work, he found that the suitable voltages to
grow CdTe layers are from 1570 mV to 1580 mV. He also reported the highest
efficiency of 7.6% with solar cell structure shown in Figure 1.16.

Both semiconductors; cadmium sulfide (CdS) and cadmium telluride (CdTe)
layers were grown by electrodeposition. In literature, the structure is written as
glass/conducting glass/CdS/CdTe/back contact [43,44]. Significance progress has been
achieved previously, this research is the continuation of works from D.G. Diso [41]. In
simple words, this is a long term project of making reproducible low-cost and high

efficiency solar cells.
19
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Figure 1.16: The schematic diagram of the basic CdS/CdTe solar cell.

This research project involves material growth by low-cost electroplating

technique, materials characterisation, solar cell fabrication, assessment and development.

Therefore, the objectives of this research are as follows:

ii.

iii.

iv.

To optimise the electrodeposition of three semiconducting materials; CdS, ZnTe
and CdTe using electrodeposition with 2-electrode system in aqueous
electrolytes.

To study the structural, optical, electrical, compositional and morphological
properties of the electrodeposited layers using facilities available at Materials
and Engineering Research Institute at Sheffield Hallam University.

To fabricate CdS/CdTe thin film solar cells using all electrodeposited layers.
Two solar cell structures were fabricated. Firstly, the glass/TCO/CdS/CdTe/
metal structure. Secondly, the glass/TCO/CdS/CdTe/ZnTe/metal structure.

To assess the performance of the fabricated thin film solar cells using current-
voltage (I-V) measurement and developed these devices by optimising all

processing steps to achieve highest possible efficiencies.

20



14  Summary

This chapter started with the economic and environmental issues facing
humanity nowadays. It is obvious that the dependency on fossil fuels is not the answer
for healthier and greener planet. Gradual replacement of fossil fuels with renewable
energies as the prime energy source is the best answer for energy security.

Among the renewable energies discussed in section 1.2, solar energy seems to be
the best candidate for terrestrial renewable energy application [36]. Solar energy is free,
abundant, environmental friendly and produces near zero carbon emission.

At the last section of this chapter, the aim and objectives of this research

programmed were also presented.

21
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