lon Beam Treatment of Functional Layers in Thin-Film Silicon
Solar Cells

Wendi Zhang

Member of the Helmholtz Association

#))0LICH

FORSCHUNGSZENTRUM




Forschungszentrum Jilich GmbH
Institute for Energy and Climate Research (IEK)
Photovoltaics (IEK-5)

lon Beam Treatment of Functional Layers
in Thin-Film Silicon Solar Cells

Wendi Zhang

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 170

ISSN 1866-1793 ISBN 978-3-89336-864-8



Contents

Abstract

Zusammenfassung

1 Introduction

2 Fundamentals
2.1 Ion beam treatment . . . . . . ..

211
212

221
222
223
224

Ton source . . . . ... ..
Ion-sample interaction . .
2.1.2.1  Sputtering yield .

2.1.2.2  Reactive or molecular ions and compound substrates . .
2.2 Transparent conducting oxide . .

ZnQO structure . . . . . . .
Electrical properties . . .
Optical properties . . . . .
Deposition of ZnO:Al films

2.2.4.1 Magnetron sputtering . . . . ... ...
2.2.4.2 Preferred orientation . . . . . ... ..o L
2.2.4.3 Thin-film growth mechanism . . . ... ... ... ...
2.24.4  As-grown rough ZnO films . . . . . ... ... ... ...

2.2.4.5 Surface evolution

2.3 Silicon Thin-film Solar cells . . .
Hydrogenated amorphous silicon. . . . . .. . ... ... .. ...
2.3.2 Hydrogenated microcrystalline silicon . . . . . ... ... ... ..

231

2.3.3

Operating principle . . . .

2.3.4 Characterization parameters . . . . . . . . . . .. ... ... ...

3 Experimental

3.1 Deposition techniques . . . . . . .
ZnO:Al films - Magnetron sputtering . . . . . .. ... ... ...
3.1.1.1 Standard ZnO:Al films - Planar ceramic target . . . . .
3.1.1.2  High rate ZnO:Al films - tube target . . . .. ... ...
3.1.1.3 Small area deposition system . . . ... ... ... ...

3.1.1

3.1.2

Silicon - PECVD . . . ..

3.2 Ion beam treatment . . . . . . ..

3.2.1

Geometry of the ion source

15
16
18
19
20
20
24
27
27
29
30
33
34
39
39
40
41
41

45
45
45
45
46
47
47
47
47



Contents

3.2.2

Parameters . . . . .. ...

3.3 Characterization methods . . . . . . . . . ... ... ... ... .

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5
3.3.6

Electrical properties . . . . . . . ... .. o
3.3.1.1 4-point probe measurement . . . ... ... .. .. ...
3.3.1.2  Hall effect measurement . . . . . .. ... ... ... ..
Optical Properties . . . . . . . ... ... ... .
3.3.2.1 Total and diffuse transmission, Haze, reflection . . . . .
3.3.2.2  Angular resolved scattering (ARS) . .. ... ... ...
Surface topography . . . . .. ...
3.3.3.1 Scanning Electron Microscopy (SEM). . . .. ... ...
3.3.3.2  Atomic Force Microscopy (AFM) . . .. ... ... ...
Structural properties . . . . . .. ...
3.3.4.1 Xe-ray diffraction (XRD) . . . .. ... ...
3.3.4.2  Transmission electron microscopy (TEM) . ... .. ..
Surface composition - X-ray photoelectron spectroscopy (XPS) . .
Solar cells characterization . . . . . . . . .. ... ... ... ...
3.3.6.1 Current-voltage measurement . . . . . ... ... .. ..
3.3.6.2 Quantum efficiency . . . . ... ...

4 Characterization of the ion beam treatment
4.1 Optical emission spectroscopy of the ion beam . . . . . .. ... .. ...
4.2 Staticetching . . . . . . ...

4.2.1
4.2.2

Different source gas . . . . . . . .. ...
Tilted ion source . . . . . . . ...

4.3 Dynamic etching . . . . . . . ...

4.3.1
4.3.2

Different power and tilt angle . . . . . ... ... ... ... ...
Different, source gas and substrate . . . . . . ... ... ... ...

4.4 DISCuSsion . . . . . ... e
4.5 Summary . o.o. ...

lon beam treatment of the glass surface
5.1 As-grown rough ZnO:Al films . . . .. ... ... ... ... ...

5.1.1
5.1.2

5.1.3
5.14

Different glass pretreatment . . . . . . . ... ... ... ...
Electrical properties . . . . . . ... oL
5.1.2.1 Annealing without Si capping layer . . . . . . ... . ..
5.1.2.2  Annealing with Si capping layer . . . . . . .. ... ...
5.1.2.3 Discussions . . . . . . ... oo
Optical properties . . . . . . . . ... L
Solar cells . . . . . . . .
5.1.4.1 Amorphous Si thin-film solar cells . . . . . . .. ... ..
5.1.4.2  Microcrystalline Si thin-film solar cells . . . . . . .. ..
5.1.4.3 Tandem Si thin-film solar cells . . . .. ... ... ...
Summary ... ...

63
63
65
65
67
68
68
69
70
73



Contents

5.2 Reason of rough growth . . .. . ... . ... ... ... ... ... .. 90
5.2.1 Different substrates . . . . . . . ... oL L 90
5.2.2  Post-cleaning of ion treated glass . . . . . .. ... ... ... .. 92
5.2.3 Sputter ZnO:Al film in different system . . . . . ... ... .. .. 95
5.2.4  Sputter ZnO:Al film with different temperature . . . . . . . . .. 95
5.2.5 Different ion beam system . . . . . ... ..o 97

5.3 Surface evolution and structural properties . . . . . .. .. ... ... .. 99
5.3.1 Filmevolution. . . . . . .. ... o 99
5.3.2 Transmission electron microscopy measurements . . . . . . . . . . 107
5.3.3 X-ray diffraction measurements . . . . . .. ... ... ... ... 112

5.4 X-Ray photoelectron spectroscopy of the glass substrate . . . . ... .. 117
5.4.1 X-Ray photoelectron spectroscopy survey scan . . . . . . .. . .. 117

5.4.1.1 Dynamic ion beam treatment . . . . .. ... ... ... 117
5.4.1.2  Static ion beam treatment . . . . . .. ... ... ... 119
5.4.2 XPS core level spectrascan . . . . ... ... 122
5.4.3 Different ion beam system . . . . . ... ... 126
544 Summary ... ... 129

5.5 Growth of ZnO:Alon ZnO crystal . . . . . . ... . ... ... ... ... 129

56 Growthmodel . . . . . . ... 132

BT SUIMATY . . . o oo 135

6 lon beam treatment of the TCO surface 137

6.1 The effect of ion beam treatment on HCI etching behavior of ZnO:Al films 137

6.2 7ZnO:Al films grown on ion beam treated ZnO:Al films. . . . . . . .. .. 141

6.3 Modification of the TCO surface by ion beam etching . . . . . . ... .. 143

6.4 Silicon grown on ion beam treated ZnO:Al films . . . . . ... ... ... 146

6.5 Textured glass . . . . . . . . .. 149
6.5.1 Motivation . . . . . .. .. 150
6.5.2 Preparation of textured glass . . . . . ... ... ... ... 152
6.5.3 Different etching mask . . . . ... ... ... ... ... ... 157
6.5.4 7ZnO:Al films on textured glass . . . . . . .. ... ... ... ... 158

6.5.4.1 ZnO:Al films on Ar treated textured glass . . . . . . .. 158

6.5.4.2  ZnO:Al films on Ar/O; treated textured glass . . . . . . 160

6.5.4.3  ZnO:Al films on cleaned textured glass . . . . . . . . .. 162

6.5.4.4 Summary . . . ... ... 164

6.5.5 Solarcells . . .. .. . ... 165

6.5.5.1 Influence of the treatment on textured glass . . . . . .. 165

6.5.5.2 Influence of HCI etching time on textured glass . . . . . 168

6.6 Summary . . . ... 172

7 Summary and Outlook 175
Bibliography 177

iii



Energie & Umwelt / Energy & Environment

Band / Volume 170 ’J JGLICH

ISBN 978-3-89336-864-8 FORSCHUNGSZENTRUM




