Kazuo Morigaki

Harumi Hikita
Chisato Ogihara

LIGHT-INDUCED DEFECTS

IN SEMICONDUCTORS






LIGHT-INDUCED DEFECTS
IN SEMICONDUCTORS







LIGHT-INDUCED DEFECTS
IN SEMICONDUCTORS

Kazuo Morigaki
Harumi Hikita
Chisato Ogihara

PAN STANFORD PUBLISHING



Published by

Pan Stanford Publishing Pte. Ltd.
Penthouse Level, Suntec Tower 3
8 Temasek Boulevard

Singapore 038988

Email: editorial@panstanford.com
Web: www.panstanford.com

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

Light-Induced Defects in Semiconductors
Copyright © 2015 Pan Stanford Publishing Pte. Ltd.

All rights reserved. This book, or parts thereof, may not be reproduced
in any form or by any means, electronic or mechanical, including photo-
copying, recording or any information storage and retrieval system now
known or to be invented, without written permission from the publisher.

For photocopying of material in this volume, please pay a copying fee
through the Copyright Clearance Center, Inc.,, 222 Rosewood Drive,
Danvers, MA 01923, USA. In this case permission to photocopy is not
required from the publisher.

ISBN 978-981-4411-48-6 (Hardcover)
ISBN 978-981-4411-49-3 (eBook)

Printed in the USA



Contents

Preface
Acknowledgment

1.

2.

3.

Introduction

1.1 Light-Induced Defect Creation
1.2 Defects
1.3 Spin-Dependent Properties

Crystalline Semiconductors

2.1 Introduction

2.2 Recombination-Enhanced Defect Reaction
2.2.1 Introduction
2.2.2 Experimental Evidence
2.2.3 Theory

2.2.4 Persistent Photoconductivity and the
DX Centers

2.3 Hydrogenated Polycrystalline Silicon

Hydrogenated Amorphous Silicon

3.1 Introduction
3.2 Electronic States
3.2.1 Introduction
3.2.2 Band Tails and Structural Defects
3.2.3 Self-Trapping of Holes
3.2.4 Tail Electron States
3.2.5 Hydrogen-Related Dangling Bonds
3.3 Recombination Processes
3.3.1 Introduction
3.3.2 Photoluminescence in a-Si:H

3.3.3 Defects and Recombination Processes through
Gap States

W N = =

O© 0 0 0 N N

16
21

25

25
27
27
28
41
45
48
53
53
54

56



vi

Contents

3.4

3.5

3.3.4 Lifetime Distribution of the PL in a-Si:H

3.3.5 Recombination Rates of the Electron-Hole
Pairs in a-Si:H

Light-Induced Phenomena in a-Si:H

3.4.1 Introduction

3.4.2 Light-Induced Effects in Conductivity

3.4.3 Optical Absorption

3.4.4 Photoluminescence

Light-Induced Defect Creation in a-Si:H

3.5.1 Introduction

3.5.2 Mechanism for Light-Induced Defect Creation
in a-Si:H

3.5.3 Kinetics of Light-Induced Defect Creation in
a-Si:H
3.5.3.1 Introduction
3.5.3.2 Kinetics of Light-Induced defect

creation in a-Si:H

3.5.4 Light-Induced Hydrogen-Related Dangling
Bonds

3.5.5 Light-Induced Hydrogen Pairs

3.5.6 Low-Temperature [llumination

3.5.7 Pulsed [llumination

3.5.8 Light-Induced Annealing of Dangling
Bonds

3.5.9 Thermal Annealing

4. Hydrogenated Microcrystalline Silicon

4.1
4.2
4.3
4.4

4.5

Introduction

Defects

Light-Induced Defects

Photoluminescence and Optically Detected
Magnetic Resonance

Light-Induced Effects on Photoluminescence

63
67
67
68
69
69
71
71

75

91
91

91

104
112
117
121

128
135

143

143
144
150

155
159



5. Amorphous Chalcogenides

5.1 Introduction
5.2 Amorphous Chalcogenides

Bibliography

Index

Contents

161

161
161

173

195

vii






Preface

The book deals with electronic and structural properties of light-
induced defects, their light-induced creation processes, and related
phenomena in crystalline, amorphous, and microcrystalline
semiconductors. Recombination-enhanced defect reaction (REDR)
has received much attention in connection with degradation of
light-emitting diodes. Theoretical and experimental investigations
relating to this issue have been extensively performed as discussed
in Chapter 2, where we concentrate on REDR in GaAs and related
materials. Light-induced defects in hydrogenated polycrystalline
silicon are also treated in this chapter. The topics discussed in
detail in Chapters 3 and 4 present our own investigations on
hydrogenated amorphous silicon and hydrogenated micro-
crystalline silicon, respectively. The results on light-induced
defects obtained from elsewhere are also presented in these
chapters. Models of light-induced defect creation in hydrogenated
amorphous silicon are presented separatelyin Chapter 3 as this
issue has been investigated by many authors in connection with
light-induced degradation of amorphous silicon solar cells. Light-
induced phenomena in amorphous chalcogenides have received
much attentionboth from a fundamental point of view and for
their applications. These phenomena and related models are
summarized in Chapter 5. We hope that the book will be useful
for students and researchers interested in all the above topics.

We thank S. Kugler, K. Murayama, C. Niikura, P. Roca i Cabarrocas,
J. Singh, K. Shimakawa, I. Solomon, and K. Takeda, discussions
with whom were very beneficial in the development of this book.
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