
Photonic
Crystals

Molding the Flow of Light

John. D. Joannopoulo s__--

Robert D. Meade

Joshua N . Winn





ACKNOWLEDGMENTS

	

1X

CHAPTER ONE . INTRODUCTION

	

3

Controlling the Properties ofMaterials

	

3
Photonic Crystals

	

4

An Overview of the Text

	

5

CHAPTER TWO . ELECTROMAGNETISM IN MIXED DIELECTRI C

MEDIA

	

8

The Macroscopic Maxwell Equations

	

8

Electromagnetism as an Eigenvalue Problem

	

I 1

General Properties of the Harmonic Modes

	

1 4

Electromagnetic Energy and the Variational Principle

	

1 5
Why Use the Magnetic Field, and Not the Electric?

	

1 7

Scaling Properties of the Maxwell Equations

	

1 9

Electrodynamics and Quantum Mechanics Compared

	

20

Further Reading

	

2 1

CHAPTER THREE . SYMMETRIES AND SOLID-STAT E

ELECTROMAGNETISM

	

2 2

Using Symmetries to Classify Electromagnetic Modes

	

22

Continuous Translational Symmetry

	

25

Discrete Translational Symmetry

	

28

Photonic Band Structures

	

3 1
Rotational Symmetry and the Irreducible Brillouin Zone

	

32
Mirror Symmetry and the Separation of Modes

	

34

Time-Reversal Invariance

	

36
Electrodynamics and Quantum Mechanics Compared Again

	

36

Further Reading

	

37

CHAPTER FOUR . THE TRADITIONAL MULTILAYER FILM :

A ONE-DIMENSIONAL PROTONIC CRYSTAL

	

3 8

The Multilayer Film

	

38
The Physical Origin of Photonic Band Gaps

	

40

Evanescent Modes in Photonic Band Gaps

	

43

Off-Axis Propagation

	

45



Localized Modes at Defects

	

49
Sur(ctce States

	

5 1
Further Reading

	

5 3

CHAPTER FIVE . TWO-DIMENSIONAL PHOTONIC CRYSTALS

	

54

Two-Dimensional Bloch States

	

54
A Square Lattice of Dielectric Columns

	

5 6
A Square Lattice of Dielect ric Veins

	

6 0
A Complete Band Gap for All Polarizations

	

6 3
Out-of-Plane Propagation

	

6 6
Localization of Light by Linear Defects

	

6 7
Planar Localization : Su face States

	

7 3
Further Reading

	

7 6

CHAPTER SiX . THREE-DIMENSIONAL PHOTONIC CRYSTALS

	

7 8

Two Classes of Phonetic Crystals

	

7 8
Crystals with Complete Band Gaps

	

8 1

Localization at a Point Defect

	

8 3
Localization at a Linear Defect

	

8 7
Localization at the Surface

	

8 8
Further Reading

	

9 3

CHAPTER SEVEN. DESIGNING PHOTONIC CRYSTALS FO R

APPLICATIONS

	

94

A Reflecting Dielectric

	

94
A Resonant Cavity

	

9 7
A Wuyeguitle

	

10 0

Epilogue

	

10 3

APPENDIXE S

APPENDIX A . COMPARISONS WiTH QUANTUM MECHANICS

	

107

APPENDIX B . THE RECIPROCAL LATTICE AND THE BRILLOUI N

ZONE

	

11 2

The Reciprocal Lattice

	

11 2

Constructing the Reciprocal iattice Vectors

	

11 3

The Brillouin Zone

	

1 1 4

Tiro-Dimensional Lattices

	

11 6

Three-Dimensional Lattices

	

11 8

Miller Indices

	

11 8

APPENDIX C . ATLAS OF BAND GAPS FOR TWO-DIMENSIONA L

PHOTONIC CRYSTALS

	

12 1

Reading a Gap Map

	

12 1

A Guided Tour of the Gap Maps

	

122



APPENDIX D . COMPUTING PHOTONIC BAND STRUCTURES

	

127

Ah Initio Calculations

	

12 7

Computational Scheme

	

12 8

REFERENCES

	

13 1

INDEX

	

135


	page 1
	page 2
	page 3
	page 4
	page 5

