Ain Shams University :
Faculty of Girls for Arts !
Science and Education f b

Physics Department /

Study of the Structure and Optical
Properties of a Ternary Semiconductor

R

Compositions
5776220 R
e . .- l:
Mo M Thesis o~

Submitted for The Degree ,
of Ph. D. in Physics 0 L 2H

)1
By
El Mozamel Mohamed Ibrahim- -
M. Sc. (1984) -
b
Supervised By .

Frof. Dr. A. A. El Shazly
Dr. H. Abo Dora
Dr. H. Soliman
Dr. D. Abdel Hady

July, 1996

Central Library - Ain Shams University




Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



a'” = EE*‘I
= s 3, 'f@"}.
(34
o ff "
1 _
i; ]

- '

4 n

.[ .

£ l-.-’ 3
QL )

2!

T

A GRS
L‘:LE%J:JC*“U'&?’Q_)
o 8

ST ftec,
i P N

¥ -0
: A
't -
D " © » Q} )
S G —~ X
g 1} A D WCHES 4, (.1 . A8 ‘ ‘T
s TG ga 0D e e

Central Library - Ain Shams University



Central Library - Ain Shams University



Ain Shams University
IFaculty of Girls for Arts
Science and Education

Physics Department

Name of Student : El Mozamel Mohamed theahim

Title of Thesis :

Study of the Structure and Optical
Properties of a Ternary
Semiconductor compositions

Supervised By :

Approved
. ) /".
Frof. Dr. A.A. EI Shazly. A-f- d"““"‘/i"‘}) >
Dr. H. Abo Dora Hoda g ba Loxra  gpmio

Dr. H, Soliman

Heda § -?nll‘ﬂ’ﬂq"l o)

Dr. D. Abdel Hady -:’/DQYU\I]\ ALJ-‘L/Q L‘-‘-ucﬂ.\‘iﬁffi}

Central Library - Ain Shams University



Central Library - Ain Shams University



r _ _ Acknowldegment . _]

ACKNOWLEDGMENT

The all thanks for ALLAH, the lord of all being.

1 wish to express my sincere gratitude to Professor
Dr. A.B. El-Biely, Head of Physics Department Faculty of

girls, Ain Shams University, for her rendering facilities.

The author wishes indebted with his utmost thanks
to Professor Dr. A.A. El Sahzly for suggesting the point of
rescarch, valuable help, fruitful advice, encouragement
and kind supervision. Deepest gratitude to Dr. H. Abo
Dora for her advice and encouragement, Dr. H.S.
Soliman for her advice and encouragement and Dr.
Darwish Abdel - Hady for his fruitful advice, kindness
and valuable help.

I take particular pleasure in thanking Professor Dr.
B. A. Khalefa for her valuable help.

The author wishes to thank Professor Dr. M. M. El-

Nahass for his valuable help and advice.

Finally the assistance of the member of the thin

Jilm group 1s hmghly appreciated.

Central Library - Ain Shams University



Central Library - Ain Shams University



Central Library - Ain Shams University




Central Library - Ain Shams University



CONTENTS_

CONTENTS

List of Plates and Figures
List of Tables

Abstract

Summary

Introduction

Chapter |
Theoretical Background

1.1.) Optical properties of materials in thin
film form

1.1-1)  The electromagnetic mature of light

1.1-1) Fresnel’s formulas for the amplitudes of
the reflected and transmitted hght at
normal incidence

1.1-it1)  Fresnel’s formulas for the amplitudes of
the reflected and transmitted light at
oblique incident

1.1-1v) Airy’s formula
[.1-v) Murmann’s formulas

1.2,) Structure from powder sample

(1)

Central Library - Ain Shams University

15
17

21

29
32



CONTENTS

Chapter I

Expertmental techniques

11.1) Material preparation

{I. 1.1) Preparation of AgSbSe;
II. 1.it) Preparation of InSbSe;

II. 2) Preparation of AgSbSe; and InSbSe; -
Thin Films:

[1.21) Cleaning of the substrate
II. 2.11) Thermal deposition of AgSbSe; and
InSbSe;s thin films

I1.3) Methods for film thickness measure-
ments of AgSbhSe; and InSbSe;

II. 3.0) Quartz crystal thickness monitor techn-
ique for measuring film thickness of
AgSbSe; and InSbSe;

IL. 3. 1) Interferometric method for measuring
films thickness of AgSbSe; and InSbses

[1.4) Structural characteristics Investiga-
tions of AgSbSe; and InSbSe;

Il.4.1) X-ray Diffraction Examination of
AgSbSe, and InSbSe;
I1.4 1) indexing

@in)

Central Library - Ain Shams University

43
43

43

47
47

49

52

55

56



_CONTENTS

CONTENTS

I1. 5) Determination of the optical constants
of abserbing AgSbSe; and InSbSe;
films deposited on nonabsorbing
substrate

I1.5.1) Spectrophotometric measurements

IL.5.i1) Specular reflection measurements

[I. 5.111) The transmittance T(A) at normal light
incidence

II. iv) A computational technique for determin-
ing optical constant n (1) and k(&) of
AgSbSe; and InSbSe; thin films

Chapter 11X

Structural and Optical properties of AgShSe,

thin films.

III.1.1) Structural properties of AgSbSe,
Composition .

[11. 1.11) Structural properties of AgShSe; in thin
film form

Hi. 2) Optical properties of AgSbSe, thin films

111.2.1) Optical properties of amorphous AgSbSe,

thin films

I11.2. i.a) Dispersion of the refractive index n
and the absorption index k of the as
deposited AgSbSe; films

II. 2.1.b) The high frequency dielectric
constant &, (The permittivity)

(ii)

Central Library - Ain Shams University

Page

59
60
60

62

70

72

75

75

81



___CONTENTS

CONTENTS

111. 2.i.c) The lattice dielectric constant
fIL. 2.i.d) The absorption coefficient o of
AgSbSe, thin amorphous films

I1.2.i.c) Optical transition near the fundamental
absorption edge of  ApSbSe,
amorphous thin films.

I1L. 2. i) Optical constants of AgSbSe; thin
polycrystalline films.

Chapter 1V

Structural and Optical properties of InSbSe;
thin films.

IV. 1) Structural properties of InSbSes ternary
composition in powder form.

IV. 2) The optical properties of [nSbSe; thin
films.

1V. 2.a) The spectral dependencies of both n((2)
and k(}) for InSbSe; thin films.

[V. 2.b) The high frequency dielectric constant
of InSbSe; thin films

1V. 2. C) The absorption coefficient o of
InSbhSe; thin films

V. 2.d) Optical transitions near the fundamental
absorption edge of [nSbSe; thin films.

(iv)

Central Library - Ain Shams University

81
84

84

87

99

103

110

112

116



