Contents

1.

Introduction 1
1.1  Photonic crystal line defect waveguides in SOL...........cccceiniiiiniiiiiiiniicene 1
1.2 Goals and outline of this thesis ........cccceevieriiirieniiiiieecceeeen 2
L.2.1 0 GOALS it e 2
LN O 1111 133 1< TS USSP 3
Background 5
2.1 Photonic crystal line-defect waveguides..........cooceervieeniiiinieiniieenieeeieeneen 5
2.1.1 2D SHTUCTUTE ..ottt s 5
2.1.2 2D S1aD SIUCLUTE ...eeeveuiiiieeeiiiiee ettt e e e e 8
2.2 Transfer Matrix Method..........ccooiiiiiiiiiiiiiiieete e 9
2.2. 1 APPIOACKH .ottt e 9
2.2.2  BlOCh MOAES....cccueiiieieiiiieeeiiee et e e e e e e e e e e 11
2.2.3 Bloch mode excitation, reflection and tranSmMisSION ..........eeveeeeereeeens 12
2.3 Eigenmode Expansion Method ............ccooueeeiiieniiieniieiiceeieeeeeeeiee e 13
231 APPIOACKH .ot 13
2.3.2 BlOCh MOAES ...cueiiiiiiiiiiiieiieieeteetee e 15
2.3.3 Bloch mode excitation, reflection and tranSMmisSiON ..........eeuueeeereeeeens 16
2.4 Finite Integration TEChNIQUE.........cociiriiiiiiiniiiieicicceeceece e 16
2.4. 1 APPIOACKH ..ottt 17
2.4.2 Time domain SIMUIAtioNS .........ccccvvieirriiiieeeriiieeeeieeeeeereeeeeveee e e 18
243 BlOCh MOAES ...c..ueiiiiiiiiiiiiiiiieeetcct et 19
2.4.4 Bloch mode excitation, reflection and tranSMmMisSioON ............cceeeeeeeeenees 19
Slow light waveguides with vanishing dispersion 21
3.1 INErOQUCTION ..cuiiiiieiieeiieeee ettt ettt e e 21
3.2 Index guided and gap guide MOdES.......c.ccevueeriiriieinieeiieiereeeeee e 22
3.3 Anticrossing point SHift...........cocciiiriiiiiiiieieeee e 23
3.4 Group VeloCIty VATIAtION .......c.covueeiiiriiiiiieiiente ettt s 26
3.5 CONCIUSION ..ttt ettt et 28
Waveguides with large positive and negative dispersion 29
4.1 INErOAUCTION ...eeiiiiiiiiieiiie ettt ettt ettt e st e e sabee e sabeesaneeeas 29
4.2 Theoretical limits and apProXimationsS...........ccueerrvreeriureeriueeenveeesreessueeesveeens 30
4.2.1 Group velocity dISPErSION ......c..ccccvervueerieeiienieenieereesee e 30
4.2.2 Dispersion at the band €dge ........cccocveervieeriiiieniiiieiieeeeee e 30
4.2.3 Dispersion at the antiCrossing POINL ........ccecueeerueerreeeriieeniieeeneeenneeen 31
4.3 Coupled modes in single PC waveguide...........ccocveeviieiniieiniieniieenieeenieene 32
4.4 Coupled PC WaveZUIAES .......ccccueeeiuieiriieeiiieeiieeeiteeeieeesreeeireeeaeeesveeesnveeens 34
4.5 Discussion and COonClUSION ........ccovuvieriiiiniiiiiniie ettt 36



CONTENTS

5. Linearly chirped waveguides
5.1 INEOAUCHION ...ttt st
5.2 APPIOACH c..coniiiiiiiee e e
5.2.1 Bloch modes propagation versus coupled modes equations..............
5.2.2 Band diagram approXimation ............ceeceereueerueeriueenieeneeenneeneenineeneenns
5.3 Example of a high index contrast Bragg mirror..........cccccceeveueevnieeniveenieennne.
5.4 Example of chirped coupled line-defect waveguides .........c...ccoeueerieeenneennne
5.5 Dispersion compensation with chirped slow light waveguides .....................
5.6 CONCIUSION ..eoiuiiiieiiieeiieeeiie ettt et e et e e aeeesbeessareesasaeessseeesseeenns
6. Coupling to slow light waveguides
6.1 INErOAUCTION ..ottt
6.2 BULt COUPIINE....eiiiiiiiiiiiieiiee ettt ettt et e e
6.3  Adiabatic COUPIING ...cccuviiiiieeiiieeiieee et
0.3.1  SHIUCIUTES.....tieeeeiiiiee ettt e et e e e et e e et eeeesaaeeessnnnas
6.3.2 Theoretical MOEl...........cooviiiiiiiiriiiiieeeee e
6.3.3 Reflection at the structural SteP........ccceveeervieriiieiriieeieeeee et
6.3.4 Results and diSCUSSION.......c.uuviiereiiieeeiiiee e e e
6.4 CONCIUSION ...ttt sttt sbe e as
7. Disorder induced backscattering
7.1 INEOAUCTION ...coneiiiiiiiiciiecteee ettt
7.2 Disordered slow light StIUCIUIES ......ccc.eeeruiieriiieeriieeieeeee e
7.3 Theoretical MOAEL .........cccouiiriiiiiiiiiiiee e
T4 RESUIES ettt ettt
T4 1 Bragg StaCK....cooceeoviiiiiiiiiiiieieeeeeete et
7.4.2 Slow light line-defect waveguide..........ccoocueeveiiiriiieiniiieeiieeeiieeeee
7.5 DASCUSSION .eeeiuiiiieeeiiiieeeeiiteeeeitee e e et e e e et eeeesaaeeeesntbeeeennsaeeeessnsaeeesnnssneesanns
7.5.1 2D versus 1D StUCIUIES ...cc.ueerruveeriiiieriieeniiiesiteeeiteesieeeieeesiee e ens
7.5.2 Field CONCENIIAtION .......ccveeeiiieriieeeiie et eevee et e eeaeeeaee e reeeeeees
7.5.3 Maximal length ........ccocoueoriiiiiiiiiii e
7.6 CONCIUSION ...ttt ettt sttt enbee s as
8. Conclusion and outlook
8.1 CONCIUSION ..ottt ettt s enee e
I © 1111 (0 T0) USRS
References

List of Publications
Acknowledgements

Curriculum vitae

il

39
39
40
41
42
46
48
51
54

55
55
56
59
59
62
63
64
68

69
69
70
70
72
72
75
75
75
76
77
78

79
79
80

83
91
93

95



