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Semiconductor optical amplifier (SOA) for photonic signal processing.

ABSTRAK

Projek ini memaparkan ciri-ciri penguat optik semikonduktor dalam pemprosesan
isyarat fotonik. Data- data yang berdasarkan ciri-ciri yang dianalisis adalah untuk aplikasi
yang berpotensi dalam sistem fotonik seperti pensuisan.dan penjanaisyarat. Dengan
menggunakan perisian Optisystem, ciri-ciri SOA dimodelkan dan mensimulasikan dengan
memvariasikan parameter yang digunakan dalam 'SOA seperti arus, gandaan kuasa dan
suhu. Kagjian ini dapat membantu dalam merancang dan merekacipta aplikasi fotonik.
Prestasi litar akan dapat dipertingkatkan dengan menggunakan parameter yang betul dan
tepat dalam litar yang direkacipta. Dengan mengeksplorasi ciri-ciri SOA ,ianya akan
membantu perancang untuk memahami lebih lanjut tentang perilaku litar yang mereka
perlukan untuk merekaciptalitar menggunakan peranti SOA.



SEMICONDUCTOR OPTICAL AMPLIFIER (SOA) FOR PHOTONIC SIGNAL
PROCESSING.

ABSTRACT

This project presents the characteristic of semiconductor optical amplifier in
photonic signal processing. The characterization data isanalyzed for potential applicationin
photonic systems such as switching and signal generators. Using Optisystem, the
characteristic is modeled and simulated by varying the parameter used in SOA such as
current, gain and temperature. This characterization model will help in designing the
application in photonic. Performance{wise will be enhanced by employing correct
parameters in the design. By exploring-the properties, it will help the designer to understand

more on the behavior of the cireuit that they need to design using this SOA device.



TABLE OF CONTENTS

ACKNOWLEDGMENT
APPROVAL AND DECLARATION
ABSTRAK

ABSTRACT

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

CHAPTER 1 INTRODUCTION

1.0  Project Background
1.0.1 Optica Amplifier
1.0.2 Semiconductor optical, amplifier
1.0.3 History of SOA
11 Basic Concept
1.1.1 Optica'Gan
112 Gain Coefficient
1.1.3 "Rate Equation Approach
1.2 ~Objective
1.3 7 Problem statement
14  Project Outline

CHAPTER 2: LITERATURE REVIEW

2.0 Introduction
2.1 Summarization SOA gain recovery wavelength dependence:
simulation and measurement using a single-color pump-probe technique

2.2 Summarization on Gain recovery in semiconductor optical amplifiers

a U LW W W NN



2.3

24

Summarization SOA output characteristics. effect of amplifier length
and injected carrier density

Summarization Application of Semiconductor Optical Amplifiersin
High Speed All-Optical  NRZ to RZ Format Conversion

CHAPTER 3 METHDODOLOGY & RESULTS

3.0

31

3.2

3.3

3.4

3.5

Designing circuit
301 CW Laser
3.0.2  Non Return Zero (NRZ) pulse generator
3.03  March- Zehnder Modulator
Gain Saturation
311 Theory
3.1.2 M ethodol ogy
Temperature Gain Dependency.
321 Theory
322 M ethodol ogy.
Current Gain Dependency
331 Theory
332 Methodology
Length & Wavelength Gain Dependency
341 Theory
3411 Length
34.12 Wavelength
34.2 M ethodology
Gain Recovery Time
351 Theory
35.2 M ethodol ogy

10

11

13
13
14
14
15
15
16
17
17
18
19
19
20
21
21
21
22
24
25
25
26

Vi



CHAPTER 4: RESULTS & DISCUSSION (SOA CHARACTERIZATION)

4.0 SOA Characteristic 27
4.1 Gain Saturation 27
4.2 Temperature Dependency 29
4.3 Current Dependency 30
4.4 Gain Recovery Wavelength Dependency 31
4.5 Gain Recovery Time 32

CHAPTER 5: RESULTS & DISCUSSION (CSRZ GENERATION)

5.0 Apllication of SOA 34
51 Carrier Suppress Return to Zero 35
52 M ethodol ogy 36
521 Generation of Input Data Circuit 36
5.2.2  Generation of Contral Circuit 37
5.2.3 Generation of SOA Fiber Loop Mirror Circuit 37
53 Analysis On Current Dependence on Output Performance 38
54 Results 40

CHAPTER6: CONCLUSION

6.0 Introduction 41

6.1 Conclusion 41

6.2 Commercialization Potentia 43
REFERENCE

APPENDIX

vii



Figure

Figure 1.1:
Figure 1.2 :
Figure. 2.1
Figure 2.2:
Figure 2.3:
Figure 2.4:
Figure 3.1:
Figure 3.2:
Figure 3.3:

Figure 3.4

performance

Figure 3.5:
Figure 3.6:
Figure 3.7:
Figure 3.8:
Figure3.9:

Figure3.10:

Figure 3.11:
Figure 4.1:
Figure 4.2:
Figure 4.3:

Figure 4.4

LIST OF FIGURES

Three Level System

Four Level System

Schematic diagram of the experimental setup. ODL

M easurement Setup

NRZ to RZ format conversion based on XPM in SOA
NRZ to RZ format conversion based on XPaliVin SOA
Gain Saturation Output Power

Schematic diagram of SOA gain saturation

Injection carrier density as afunction of temperature

Schematic diagram fortemperature effect on SOA

Gain function'of-current in SOA

SchematiC Diagram on Gain recovery current variation
Length vs Gain for variation active layer thickness
Measured SOA chip gain versus wavelength
Schematic Diagram of wavelength gain recovery

Measured gain and phase dynamics for 10 GHz

and 40 Ghz repetition rate

Schematic Diagram on Time Recovery

Gain Saturation Output Power

Temperature variations and its effect on SOA performance
Gain output for different current input

Wavelength gain recovery with variation of probe length

Page

11
11
15
16

17

18
19
20
21
23
24

25

26
28
29
30
31

viii



Figure 4.5:
Figure5.1:
Figure 5.2:
Figure 5.3:
Figure 5.4
Figure5.5:
Figure 5.6 :

Figure5.7:

Table

Gain Recovery Time with variation of injection current
RZ Input Signal Circuit

Control circuit

Fiber loop mirror circuit

Analysis on Performance based on SOA current

Eye diagram

CSRZ Spectrum

CSRZ output performance based on variation

injection current

LIST OF TABLES

5.1 Results of CSRZ performance wise.

32
36
37
37
38
39
39

40

Page

43



