Contents

Contents v
List of Publications X
ABSTRACT X1
1 Introduction 1
1.1 Background . . . . .. ... 1

12 Motivation . . . -+ o v v v vt e e e e e e e e e e 2
1.2.1  An Integrated Optical Network Analyzer . ............. 3

1.2.2  AnIntegrated Optical PMD Compensator . . . .. .. ... .... 5

1.3 Organization Of Thesis . . . . .. .. ... i, 5

2 Measurement Setup: Integrated Optical Network Analyzer 7
2.1 Measurement Setup . . . . . . .o i e e e e 7
22 TheDFBLaser . . . . . o v v v i ittt e et i e 8
2.3 Design and Development of LiNbOs-basedIOC . . . . . .. ........ 9
23,0 Polarizer . .. .. .. e e e 13

232 PhaseModulator . . ... ... .. ... oo 17

233 TEoTMModeConverter . . ..o v v v v v v v v it v v v v e v s 20

2.3.4 PlTemperature Controller . . . ... ... .. ... ....... 27

24 The3x3FiberCoupler . ... ... ... i 28
2.4.1 Analysisof 3x3FiberCoupler . . .. ..... ... ... ... 29

2.4.2 Basic MZI Using 3x3 FiberCoupler . . . . .. ... .. .. ..., 30

243 Advanced MZI Using LiNbOj-based 10C and 3x3 Fiber Coupler . 32

25 Conclusion . . .. ... i e e e 34

3 Longitudinal Structure Characterization of FBG 37
3.1 Fiber Bragg Gratings: AnlIntroduction . . . . ... ... .. ....... 37
3.2 Longitudinal Structure Characterizationof FBG . . .. .. .. .. ... .. 40
3.2.1 Measurement of Complex Reflection Coefficient . . . .. ... .. 40

3.2.2 Calculation of ImpulseResponse . . . . .. ... ... .. ... .. 41

3.2.3 Calculation of Longitudinal Grating Structure . . . . . . ... ... 42



324

Scalar MEasurements . . . . . v v v v v v v n e e e e e e

3.3 Vectorial Structure Characterizationof FBG . . . .. ... ....... ..

3.3.1 Concept of Birefringence and Dichroism . ... ..........
3.3.2 Birefringence and Dichroism in Optical FBG . . . ... ... ...
3.3.3 PolarizationMode Coupling . . . . .. ... ............
3.34 Measurement of Complex Reflectance Jones Matrix . . . ... ..
3.3.5 Polarization Orthogonalization . . . . ... ... ..........
3.3.6 Calculation of Impulse ResponseMatrix . . . . ... ........
3.3.7 Calculation of Vectorial Grating Structure . . . . ... .......
33.8 \Vectorial Measurements . . . ... ... ... . ...
34 Conclusion . . ... ... . ...
Integrated Optical PMD Compensator
4.1 Design Issues for Integrated Optical PMDC . . . . . ... .........
4.1.1 Operational Principle . . . . .. ...................
412 Twovs.ThreePhases. . ... ..... ... ...,
4.1.3  New Proposals for High-Bit Rate PMD Compensators . . . . . . .
414 Conclusion . ... ... ... e e
4.2 DGD Profile Characterization. . . . . .. ... ...............
421 Measurement SELUD . . . . . v . it i v e e
4.2.2  Inverse Scattering Algorithm . . . . .. .. .............
423 DGDProfilesinFibers . . . . . ... ................
424 DGD Profiles of Distributed PMD Compensator in LiNbO;

4.2.5

Conclusion . ... .. ... . ... . ..

43 Conclusion . ... ... .. ... .

Result Discussion and Future Scope

5.1 Characterization of LiNbO3-based IOC . .. ... ... ... ... ....
5.2 Longitudinal Structure Characterization . ... ...............
5.3 Integrated Optical PMD Compensator . . . ... .. .. .. .. .. ....
54 Conclusion ... .... ... ... ... .. ..

Point Matching Method

Al Formulation . . .. ... .. ... .. .. . .
A.2 Satisfying Boundary Conditions . . ... ..................
A3 Computation . .. ... . ... e

Generation of Optical Fields

Derivation of Coupled Differential Equations for FBG

C.1 MaxwellEquations . . . . . . . . .. .. ittt i
C.2 ConstitutiveRelations . . . . . ... .. ... ... ... ... ...
C3 WaveEquation . .. ... .... .. ... . . . ... ..

N4



C.4 Coupled Differential Equations for FBG . . . .. ..............

D Derivation of Discrete Equations for FBG
D.1 S-Matrix Characterization of Optical Components . . . . . .. ... .. ..
D.2 Calculation of S-matrixfor FBG . . . . ... ... ... oo

D.3 Down-Up Difference Schemes
References

Acknowledgements

VIl

101
101
102
106

111

117



