RAMAN STUDY OF ION IMPLANTED AND
LASER ANNEALED SILICON

by
A. K. SHUKLA

Laser Technology Research Programme

Department of Physics

A Thesis submitted
in fulfilment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Physics

INDIAN [NSTITUTE OF TECHNOLOGY, DELHI
1986



CERTIFICATE

This is to certify that the thesis entitled,

"Raman Study of Ion Implanted and Laser Annealed Silicon"

being submitted by Mr. A.K.Shukla for the sward of the

degree of "Doctor of Philposophy® to the Indian Institute

of Technoloay, Nelhi is a record of bonafide research

work he has carried out under our guidance and supsrvision.

In our opinion, this thesis has reached the

standard fulfilling the requiremsents of all requlations

relating to the degree. The results contzined in this

thesis have not been submitted to any other University

or Institute for the award of any degree or diploma,

b ALY

nr. 5.C.Abbi

Thesis Co=-Supervisor,
Assistant Professor,
Department of Physics,

Indian Instituts of Technology

New Delhi. '

Jre N
> \\v \'Z(’

Prof. K.P.3Jain

Thesis Supervisor,

Co-ordinator,

Laser Technology Ressearch

Programme ,

Department of Physics,

Indian Institute of Technology.

New Delhi.



ACKNOWLEDGEMENT

The author wishes to express his profound sense of
gratitude to his supervisor, Prof, K.P.Jain for his
invaluable help and constructive guidance at all staqes
of this work without which the present work would neither
have bean begun nor have been completed. The 2uthor
also gratefully acknowledges co-supervisor, Dr. S.C.Abbi

for his encouragement and interest shown in this work.

Sincere thanks are expressed to Prof. A.Compaan uwho
provided wafers of ultraheavily doped silicon. Thanks ars
also due to Solid State Physical lLaboratory, Delhi and
Central Electronics Engineering Ressarch Institute, Pilani

for allowing the use of their ion implantation facilitiss.

It is my pleasure to thank each member of laboratory for
co~operation and help on several occaesions during the
progress of this work. Special thanks are due to my friend
and collsague, Mr. R.Ashokan for his interest and help.
Thanks are also due to Mr. Inder Pal Singh for expert

technical assistance during the initial stages of this work..

The avthor wishes to express his sincere gratitude to
his parents who have always been an inspiration for his

academic achievemant,



Financial assistance provided by D.S5.T., Delhi,
DeNeE.S., Delhi and D.R.0.0, Delhi is also gratefully
acknowledged. A final word of thanks is reserved for

Mr. 5.D.Malik for the pains he took in typing this thesis.

A .K.Shukla



CHAPTER 1

CHAPTER 2

CHAPTER 3

CONTENTS

PREFACE

THEQORETICAL BACKGROUND

1.7

1.2

1.3
1.4

Introduction

Gensral background of ion
implantation of silicon

Laser anpnealing

Raman scattering in
semiconductors

EXPERIMENTAL TECHNIQUES

Introduction
Raman set~up
Pulsed laser annealing

Samples

RAMAN STUDY OF ION IMPLANTED

SILICON
3.1 Introduction
3.2 Raman study of the disordsr

and microcrystals

Raman study of ion
implanted silicon as a
function of the energy of
implant

Abrupt phase transition

Paga

11

11

22

27

40
40
44

46

50

51

66
72



CHAPTER 4 RAMAN STUDY OF PULSE LASER
ANNEALED AND ION IMPLANTED

SILICON
4.1 Introduction
4,2 Ultraheavily doped silicon

4,3 Phage transition in
pulsed laser annealing

CHAPTER 5 CONCLUSIONS
REFERENCES

LIST OF PUBLICATIONS

B4

85

104

114

120

127



