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ABSTRACT

This thesis concerns the study of a strained quantum well laser diode emitting at
wavelength of about 980 nm which is suitable for pumping Er** doped fiber
amplifiers. The concept of a strained quantum well in the design of the active
medium of the laser diode is discussed. A model is proposed that incorporates
features of the physical structural factors and characteristics of the structure. The
theoretical background linked directly to the simulation of the model is to provide
calculations and derivations of the optical properties of the modeled structure.
Theoretical calculations were made taking into account the variation of the optical
gain due to the influence of the level of the carrier concentration and strain

induced in the q well active medi Based on the simulation, an analysis

of the ch istics of the simulated model was performed and comprehensive

description of the characteristics due to the structural behavior given. Within the
spectral range of 1.20-1.40 eV (wavelength 886 — 1034 nm), the results are
reasonable and consistent with the basic principles employed in the optical
properties of quantum well lasers and will be useful for designing optimized

strained quantum well lasers.



ABSTRAK

Tesis ini adalah berkaitan dengan pengajian diod laser telaga kuantum teregang

yang kan panj lombang berhampiran 980 nm yang sesuai untuk

yang g ] P

mempamkan amplifier fiber terkandung Er*’. Konsep bagi telaga kuantum
teregang dalam reka bentuk medium aktif diod laser dibincangkan. Satu model
yang mengabungkan ciri-ciri faktor struktur fizik dan sifat-sifat struktur
dicadangkan. Latar belakang berdasarkan teori yang berhubung secara langsung

dengan penyerupaan model adalah untuk membekalkan pengiraan dan terbitan

dell

ciri-ciri optik struktur yang di an. Latar belak belakang berdasarkan
teori telah dilakukan dengan mengambil kira perubahan gain optik yang
disebabkan oleh pengaruh kepekatan pembawa dan regangan yang teraruh di

dalam medium aktif telaga kuantum. Berdasarkan simulasi, satu analisis bagi ciri-

ciri model yang disimulasi telah dijalankan dan penghuraian komprehensif

diberikan bagi ciri-ciri yang disebabkan oleh sifat-sifat struktur. Dalam
lingkungan spektra 1.20 - 140 eV (panjang gelombang 886 — 1034 nm),
keputusan adalah munasabah dan konsisten dengan hukum-hukum yang
digunakan dalam ciri-ciri optik laser telaga kuantum dan adalah berguna untuk

reka bentuk laser telaga kuantum teregang yang optimum.



ACKNOWLEDGEMENT

T would like to express my indebtedness and appreciation to my supervisor, Professor

i

Dr. Muhamad. Rasat Muhamad, for his inuing interest, supervision and

encouragement in this endeavour. Many thanks to Mr. Mohd. Sharizal and Ms. Lim
Chui Huah for their interest and many valuable suggestions. I also thank the staff in the
Laboratory of Solid State in Physics Department, University of Malaya, who had been
so helpful and cooperative. I am very grateful to my family for its forbearance and
encouragement. Last but not leastt, I would like to express my sincere thanks to those

who have contributed to-this project in one way or another.



Abstract

Abstrak

CONTENTS

Acknowledgement

Contents
List of Figures

List of Tables

1 INTROUDUCTION

1.1
12
1.3
1.4

2 THEO
2.1
22
23
24
25

26

3 QUAN
31
32

Fiber Communication

Erbium Doped Fiber Amplifiers (EDFAs)

The Most Efficient Pump Light Source — 980 nm
Summary

RETICAL BACKGROUND

Basic Principles and Scope

Complex Permittivity

Transfer Matrix Method (TMM)

The Rate of Stimulated Transitions
The Kane Model

2.5.1 Distribution Functions

2.5.2 Direct Interband Transitions
2.5.3 Indirect Intraband Transitions
2.5.4 Many-Body and Collective Effects
Summary

TUM WELL'LASERS
Introduction '

Quantum Well Layer

N AW

13
17
19
22
23
25
27
29

30
31



33
34
3.5
3.6

4.1
42
43

5.1
52
53
5.4
5.5
5.6
5.6

Strained Layer Quantum Wells
Structural Aspects of Strained Layers
Band Structure Under Strain
Quantum Well Layer

3.6.1 Carrier Distribution

3.6.2 Strain and Band Gap Shrinkage Effects
363 Complex Permittivity from 2D Subbands

Simulation

980 nm Laser Diode Model
Computational Techniques
4.3.1 Simulation Conditions
4.3.2 Model Computations

RESULT AND DISCUSSIONS

Interpretation of Simulation Results
Material Gain Characteristics
Strained and Unstrained Models
Mode Gain Characteristics

Field Distribution

Threshold Current Density
Summary

6 CONCLUSIONS

Appendix A - Material Constants

Appendix B — Material Constants

Bibliography

32
34
35
37
37
40
41

LASER DIODE MODEL AND COMPUTATIONAL TECHNIQUES

43
44
46
47
47

50
50
56
58
58
60
62

66
67

68

vi



Figure 1.1
Figure 1.2
Figure 1.3

Figure 2.1

Figure 2.2
Figure 2.3
Figure 3.1
Figure 3.2

Figure 3.3

Figure 4.1

Figure 5.1(a)

Figure 5.1(b)

Figure 5.2(a)

Figure 5.2(b)

Figure 5.3

LIST OF FIGURES

Schematic Optical Transmissi 2
Erbium Doped Optical Fiber Amplifier 4
Energy Level States of Erbium 6
Schematic vertical structure of the injected semiconductor

Laser diode 9
TE and TM polarization of the semiconductor laser diode 14
Schematic band structure of direct gap I1I-V semiconductor 21
Energy band diagramme of a nominal quantum well 31
Growth of InGaAs on GaAs substrate 35

Effect of strain on the bands of a semiconductor, showing
the splitting of valence band 36

Schematic structure of IngGao sAs/GaAs/GaAs 980 nm QW
laser diode 45

Optical gain spectra at T = 300 K for the Ing,Gao sAs/GaAs/GaAs
980 nm QW diode at 1 x 10'® cm™ 52

Optical gain spectra at T = 300 K for the In2Gay sAs/GaAs/GaAs
980 nm QW diode at 1 x 10'® cm™ 52

The Ing2Gao sAs/GaAs/GaAs strained quantum well optical gain
spectrum in TE mode versus the injected carrier concentration
From 1to 5 (x 10'%) em™ 53

The Ing2GagsAs/GaAs/GaAs strained quantum well optical gain

spectrum in TM mode versus the injected carrier concentration
From 1 to 5 (x 10'*) cm™ 53

Relationship between the injected carrier (electron) concentrations
and the 2D QW electron and QW hole concentrations 55

vii



Figure 5.4 The relationship between the injected minority carrier (electron)
concentration and the band gap energy 55

Figure 5.5(a) The optical gain for the strained and unstrained quantum well
designs in TE mode 57

Figure 5.5(b) The optical gain for the strained and unstrained quantum well
designs in TM mode 57

Figure 5.6 Propa§ation Constant spectrum at the carrier injection level of
2x10%em? 59

Figure 5.7 The distribution of the scalar field over the multi-lager structure
of the laser diode at carrier concentration of 2 x 10" cm™

Figure 5.8 The maximum optical gain of TE mode versus the radiative
Current density, J,, 61

viii



Table 2.1

Table 2.2

Table 4.1

Table 5.1

Table A

Table B

LIST OF TABLES

Propagation constant in z-direction and electromagnetic field

Characteristic cross-sections of the phonon assistant indirect
intraband transitions

Composition and layer thickness of Ino2GaosAs/GaAs/GaAs
980 nm QW structure

The carrier densities in the active region for different carrier
injection concentrations

Material constants for Gayln;.cAsyP,.,

Material constants for Al,Ga,..As

15

26

46

61

66

67



	BSE0001.TIF
	BSE0002.TIF
	BSE0003.TIF
	BSE0004.TIF
	BSE0005.TIF
	BSE0006.TIF
	BSE0007.TIF
	BSE0008.TIF
	BSE0009.TIF

