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Photonic Crystals: Periodic Surprises in Electromagnetism
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Photonic Crystals

periodic electromagnetic media
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Inhibited Spontaneous Emission
In Solid-State Physics and Electronics

Eli Yablonowitch
Physical Review Letters 58(1987) 2059

BE) The spontaneous emission by atoms is not necessarily
a fixed and immutable property of the coupling between matter
and space, but that it can be controlled by modification of the
properties of the radiation field.

mm) If athree dimensional periodic dielectric structure has an
electromagnetic band gap which overlaps the electronic band
gap, then spontaneous emission can be rigorously forbidden.



Strong Localization of Photos in Certain
Disordered Dielectric Superlattices

Sajeev John
Physical Review Letters 58(1987) 2486

mm) Strong Anderson localization of photons may occure in
certain disordered superlattice microstructures of sufficiently
high dielectric contrast.

B In three dimension,two photon mobility edges separate
high- and low frequency extended states from an intermediate-
frequency pseudo-gap of localized states arising from remnant
geometric Bragg resonances.
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To Begin: A Cartoon In 2d
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‘k‘ =w/C= 7 for most A, beam(s) propagate

through crystal without scattering
(scattering cancels coherently)

...but for some A (~ 2a), no light can propagate: a photonic band gap




Photonic band gap (PBG):

The most important characteristic of PCs 1s the
possible existence of PBG.

The propagation 1s forbidden for the light with a
frequency 1in PBG.
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Conditions of the appearance of PBG:

*The lattice constance (a) 1s on the order of the
wavelength.

*The contrast of the refractive indices 1s large enough.

*Proper configurations of constituting materials.
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The Photonic Micropolis
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NATURAL PHOTONIC BAND GAPS occur in some butterfly wings (lejt) and in fractured iridescent green butterfly scale [center] shows the submicron-

opals [right). In both cases, the band gap is incomplete—It is not effective size face-centered cubic structure inside, Upals consist of submic ron-size
in every direction—but it produces iridescent colors. Amicrograph of 3 silica spheres arranged in a face-centered cubic [clo se-packed] structure
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1.25 Periods of the Woodpile

(4 “log” layers = 1 period) [ S. Y. Lin et al., Nature 394, 251 (1998) |
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“UV Stepper:” e-beam mask at ~4x size
+ UV through mask, focused on substrate

Good: high resolution, mass production Bad: expensive ($20 million)



Woodpile by Water Fusion

double, double, toil and trouble...

[ S. Noda et al., Science 289, 604 (2000) ]
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Fabrication of Photonic Crystal

Major parameter

» Particle Size Distribution

> Particle Size

» Concentration of colloid

nics Mnnodispersed Colloid partir.:les Opal Structure
L

Filtration

Pressing 2D deposition
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Two-Photon Lithography

2 hv = AE 2-photon probability ~ (light intensity)?

h
V photon

K\/\/\/\
*/\//\///\\_/”\\phounl
I hv

0

3d Lithography

...dissolve unchanged stuff
(or vice versa)

some chemistry
(polymerization)




Lithography 1s a Beast

[ S. Kawata et al., Nature 412, 697 (2001) ]

A

A = 780nm

resolution = 150nm

7um

(3 hours to make)



A Two-Photon Woodpile Crystal

[ B. H. Cumpston et al., Nature 398, 51 (1999) ]

(much work on materials
with lower power 2-photon process)

 Arbitrary lattice
* No “mask”
 Fast/cheap prototyping

[ fig. courtesy J. W. Perry, U. Arizona ]
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“Single”-Mode Cavity

Bulk Crystal Band Diagram
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(a) photonic crystal
(b) linear waveguide
(c) 90 degree bend waveguide.
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[Lossless Bends

Maps onto problem of

100% 7ransmission hrough Sharn Bernds

Electron Resonant
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[ A. Mekis et al.,
' Phys. Rev. Lett. 77, 3787 (1996) ]
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symmetry + single-mode + “1d” = resonances of 100% transmission



defect

Multiplexer
Coupling of guided modes and defect modes

f1, f2,.




An SEM image of a photonic band-gap fibre. The region

with the extra air hole in the centre acts as the core, In

which light is guided by a photonic band-gap. The fibre
iIs about 40 microns across.






An SEM image of a photonic crystal fibre. Note the
periodic array of air holes, and the central defect (a
missing hole) that acts as the fibre's core. The fibre is
about 40 microns across.






A photograph of the far field pattern emerging from a
photonic crystal fibre. The fibre was carrying red light
from a helium-neon laser and green light from an
argon ion laser.



Y ou, t00, can
compute
photonic

e1igenmodes!
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