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ABSTRACT

The thesis reports investigations on the preparation of thin
films of Culn alloy, CulnSo and CulnSeg. All the materials
have been characterized by X-ray diffraction, Auger electron
spectroscopy, scanning and transmission electron microscopy
and X-ray photoelectron spectroscopy. CulnSy and CulnSeyp
have also been examined for their photoelectrochemical
behaviour. In addition, a novel method has been employed to

prevent photocorrosion of CdTe in aqueous electrolytes.

Thin films of Culn alloy have been prepared by a simple
electroless technique which involves short circuiting a Ti
substrate with an easily oxidizable metal like Al in an
acidic bath containing CuCly, InClz, triethanolamine and
ammonia. Conditions have been optimized after a detailed

examination of the effect of different variables to obtain a

uniform film.

CulnSy9 films have been prepared by annealing the Culn

alloy films (as above) in HpS atmosphere at high

temperatures. The films have been well characterized and the

conditions established for obtaining a uniform photoactive

film. The AEEC characteristics of such films have been

examined in detail in polysulphide electrolyte and various

device parameters evaluated.



CulnSeo films have been prepared by electroless
technique from an acidic bath containing CuCly, InClg, SeOs,
triethanolamine and ammonia. The structural, compositional
and morphological characteristics of the films have been

determined, Results on the PEC characterization of the films

are critically examined.

Photoassisted eiectropolymerization of pyrrole on CdTe
single crystal has been found to be effective in preventing

photocorrosion of CdTe in PEC <cells containing acidic

polyiodide solutions. Stability and power characteristicé

have been investigated.



CONTENTS

PAGE NO,
ACKNOWLEDGEMENTS
LIST OF FIGURES
ABSTRACT
CHAPTER-1 INTRODUCTION 1
1.1 The semiconductor/Electrolyte 6
Interface Energetics
1.2 Semiconductor/Electrolyte 1t
Junction Solar Cells
1.3 ‘Efficiency Consideration - 17
1.4 Experimental Methods of 19
Investigating Photoelectrochemical
Processes
1.5  Photocorrosion and Stability o 22
of Semiconductor Photoelectrodes
1.6 Semiconductor Electrode Properties 24
for PEC Cells
1.7 Semiconductor Electrodes for PEC | 24
1.8 Physical Properties of CulnXp (X=5,5e) 28
1.8.1 Structural Properties 28
1.8.2 Electrical Properties 30
1.8.3 Optical Properties 30
1.9 Copper Indium Selenide 32
1.9.1 Preparative Techniques for CulnSesp 32
1.92. PEC Cells Based On CulnSes 39

1.10 Copper Indium Sulphide 42



CHAPTER-2

CHAPTER-3

Preparative Techniques for CulnSo

PEC Cells Based on CulnSp
Scope of the Present Work

- References

EXPERIMENTAL DETAILS

Preparation of Thin Films

. Electroless Deposition Technique
CulnSy Films

Characterization of Thin Films
X-Ray Diffraction

Transmission Electron Microscopy
Compositional Analysis

Scanning Elecfron Microscopy
Thickness Measurements
Resistivity Measurements

Photoelectrochemical (PEC)
Characterization

Electrolyte and Electrode
Preparation

" PEC Cell

Current - Potential
(i-v) Characteristics

Spectral Response

References

PREPARATION AND CHARACTERIZATION OF

Culn ALLOY FILMS

Introduction

42
46
50

53

65
65
65
66
68
68
68
69
70
70
70

71

71

71

72

73

74

75

75



3.2 Results and Discussion 77

References 88
CHAPTER-4 PREPARATION AND CHARACTERIZATION OF 89

CulnS, FILMS
4.1 Introduction 839
4,2 Effect of Annealing g0
4.2.1 X-ray Diffraction Analysis 80
4.2.2 Auger Electron Spectral Analysis 93
4.3 ‘ Effect of Composition Variation 96
4.3.1 X-Ray Diffraction Analysis 98
4.3.2 Transmiésion Electron ‘ 99

Diffraction Analysis
4.3.3 Auger Electron Spectral Analysis 102
4.3.4 X-Ray Photoelectron Spectral 105

Analysis
4.4 Effect of Conversion Temperature ilO
4.4.1 X-Ray Diffraction Analysis 112
4.4,2 Auger Electron Spectral Analysis 114
4.5 Effect of Conversion Duration 117
4.6 Orientation Effect 118
4.7 Electrical Conductivity 120
4.8 Scanning Electron Microscopic 121

Analysis

References : 124

CHAPTER-5 PHOTOELECTROCHEMICAL CHARACTERIZATION 128

OF CulnSp FILMS

5.1 Introduction 126



CHAPTER~&

CHAPTER-7

Photoconductivity

Effect of Electrolyte and Etching
Current - Voltage Measurements
Effect of Intensity

Spectral Response

Flat Band Potential Measurements

Cadmium Doped CulnSo Films 148

Stability

References

PREPARAT ION AND CHARACTERIZATION OF COPPER
INDIUM SELENIDE FILMS

Introduction

Preparation of CulnSe; Films 138

Characterizations
Structural Analysis
Compositional Analysis

X~-Ray Photoelectron Spectral
Analysis

Electrical Conductivity

"Scanning Electron Microscopy

Photoelectrochemical characterization
References

PHOTOELECTROCHEMICAL BEHAVIOUR OF POLYPYRROLE
COATED CADMIUM TELLURIDE

Introduction

Preparation of Polypyrrole on CdTe

1246

127

129

134

140

144

130

136

157

137

139

139

170

174

180

180

182

184

186

186

189



T.

7.

7.

4

4.

4.

1

2

Effect of Etching
Photoelectrochemical Characterization

PEC Characterization in Polysulphide
Electrolyte.

PEC Characterization in Polyiodide
Electrolyte

References
CONCLUSION
BIO DATA

191
192

192

197

203



