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Krysztaty fotoniczne

Co to sa krysztaty fotoniczne?

W jaki sposob je wytwarzamy?

Poréwnanie krysztatéw fotonicznych i pétprzewodnikéw.
Po co wytwarzamy krysztaty fotoniczne?

Materiaty dzieki uprzejmosci
dr hab. Dariusza Wasika

Krysztaty

* Pole elektryczne
periodyczne

* Przerwa wzbroniona
* R-nie Schroedingera
* Silne oddz. e-e

Krysztaty fotoniczne

* Przenikalnos¢ elekt.
periodyczna

* Przerwa wzbroniona

* R-nia Maxwella

Jeden wymiar (lustro Bragga)

/)

periodic in 2 An,
one direction 1 m -

5]




Jacek.Szczytko@fuw.edu.pl

hitp://opto.physik.un

hitp:/Awww. physik.uni burg.de/T i i html

Jacek.Szczytko@fuw.edu.pl

Krysztaty fotoniczne

| Steven G. Johnson MIT _ hittp://ab-initio.mit.edu/photons/tutorial/ |

Okresowe osrodki dielektryczne

periodic in
one direction

Fotoniczna przerwa energetyczna: “izolatory optyczne”

Krysztaty fotoniczne
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Krysztaty fotoniczne

VOLUME 58, NUMBER 20 PHYSICAL REVIEW LETTERS 18 MAY 1987

Inhibited Spontaneous Emission in Solid-State Physics and Electronics

Eli Yablonovitch

Bell Communications Research, Navesink Research Center, Red Bank, New Jersey 07701
(Received 23 December 1986)

It has been recognized for some time that 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. This is equally true in the solid state, where spon-
taneous emission plays a fundamental role in limiting the performance of semiconductor lasers, hetero-
Jjunction bipolar transistors, and solar cells. If a three-dimensionally periodic dielectric structure has an
clectromagnetic band gap which overlaps the electronic band edge, then spontaneous emission can be
rigorously forbidden.
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Krysztaty fotoniczne

VOLUME 58, NUMBER 23 PHYSICAL REVIEW LETTERS 8 JUNE 1987

Strong Localization of Photons in Certain Disordered Dielectric Superlattices

Sajeev John

Department of Physics, Princeton University, Princeton, New Jersey 08544
(Received 5 March 1987)

A new mechanism for strong Anderson localization of photons in carefully prepared disordered diclec-
tric superlattices with an everywhere real positive dielectric constant is described. In three dimensions,
two photon mobility edges separate high- and low-frequency extended states from an intermediate-
frequency pseudogap of localized states arising from remnant geometric Bragg resonances. Experimen-
tally observable consequences are discussed.
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21% gap
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gap for n > ~4:1

['S. G. Johnson et al., Appl. Phys. Lett. 77, 3490 (2000) |
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Ujemny wspotczynnik zatamania

Light enters n>0
material -> deflection

G/ cetcakd

seilddsh

plus.maths. org/}

Light enters n<o
material -> i
("Velelago Lens")

http://sagar.physics.neu. edu/lhm-intro-1.html
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Ujemny wspotczynnik zatamania

Researchers fashioned a prism out of this meta material that made
microwaves bend backwards. The key to the material is the group of
tiny copper lines on one side of the circuit boards' sections, and the

circular shapes on the otherside.

"Experimental Verification of a Negative Index of Refraction," Science, April 6, 2001.




Ujemny wspotczynnik zatamania

Applications of Bulk Crystals

using near-band-edge effects
Zero group-velocity de/dk: distributed feedback (DFB) lasers

divergent dispersion
(i.e. curvature):
Superprisms

[Kosaka, PRB 58, R10096 (1998).]

super-lens
Véselago (1968) ,/’ negative group-velocity or
negative curvature (“eff. mass”):

Negative refraction,
Ta W image Super-lensing
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Ujemny wspotczynnik zatamania ?

VOLUME 88, NUMBER |5 PHYSICAL REVIEW LETTERS f May 2002
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VOLUME 88, NUMBER 20 PHYSICAL REVIEW LETTERS 20 May 2002

Left-Handed Mai Is Do Not Make a Perfect Lens

Mosdeicd 28006, Sprain
us de Cantoblanco,

[C.Luoetal.,
Appl. Phys. Lett. 81, 2352 (2002) ]
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Brak rozpraszania!
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Negative Fam

Dariusz Wasik

Falowody + wneki = urzadzenia
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Channel-Drop Filters

Criteria for Perfect Channel-aropoing
Waveguide 1

— T resanant moaies with
iy SVEn and o SyTRmeny
Mogies must be degensrale
Woaveguide 2 Mootes must hove sgual
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[ figs courtesy

Y. Fink et al., MIT ]

[R. F. Cregan
etal.,
Science 285,
1537 (1999) 1
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Breaking the Glass Ceiling:

Guiding @ 10.6um
(high-power CO, lasers)
loss < 1 dB/m
(material loss ~ 10* dB/m)

[ Temelkuran et al.,
Nature 420, 650 (2002) ]

= chalco/polyme;

silica

—

P ——

Guiding @ 1.55pm
loss ~ 13dB/km
[ Smith, et al.,
Nature 424, 657 (2003) |

OFC 2004: 1.7dB/km

BlazePhotonics

Steven G. Johnson MIT / Harvard University




endlessly
single-mode
[ T. A. Birks et al.,

Opt. Lett. 22,
961 (1997) 1

polarization
-maintaining
[ K. Suzuki,

Opt. Express 9,
676 (2001) |

Breaking the Glass Ceiling II:
Solid-core Holey Fibers

_nonlinear fibers

[ Wadsworth et al.,
JOSA B 19,
2148 (2002) |

low-contrast
linear fiber
(large area)

j (). C. Knighter al.,
Elec. Lett. 34,
1347 (1998) |

Steven G. Johnson MIT / Harvard University

Defect radius t/a

J. Joannopoulos, Nature 386, 143 (1997)

Putapka

Synteza krysztatéw fotonicznych

CH.DOS

CHOH NH,MH
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V. Vlasov et al.; Nature 414,291 (2001)
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Robot manipulation

'ADVANCED.
MATERTALS

"!-' e, &%

Jacek.Szczytko@fuw.edu.pl

Make that? Are you crazy? ..maye!

fabrication schematic

s ()l
< a) ol ), (b} |
>S5 — f‘) — 3 \ |'/_\
'gcarefully stack bee ' s < J.-\L?_-\\\_/ dissolve |
ili ALK .

silica & latex spheres v ) 1ssolve latex

>\ N
=5 via micromanipulation J f‘&,{' :-S( )
® A AN

\J (M )
- \ "o’

o OO0
s \ /j & sinter (heat and fuse)
o A <) silica
N
N
X
(0] ..
% make Si inverse
- (12% gap)
Steven G. Johnson MIT  hitp://ab-initio.mit.edu/photons/tutorial/ [ F. Garcia-Santamaria ef al., APL 79, 2309 (2001) |

http://www.icmm.csic.es/cefe/Fab/Robot/robot_strategy.htm

Jacek.Szczytko@fuw.edu.pl

F. Garcia-Santamaria et al., Adv. Mater. 14 (16), 1144 (2002).
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A Layered Structure

(diamond-like: rods ~ “bonds”™)

L rod Layer

»
& [ §
" ] . * H
e ¢
] ® H
™ - §
hole layer
[ S. G. Johnson et al., Upto~ 27% &ap
Appl. Phys. Lett. 77, 3490 (2000) ] for Si/air
Maklng Rods & Holes
perlod
(dissolve
silica layer1 o ° s ¢ "
when S
done) ’ ' ' ’ <
substrate i

LI uos:

Making Rods & Holes
Simultaneously

dig more holes

offset e’ ’ ’ ’
& overlapping N . . .
substrate

0SUYOP "9 UBAS)S

LI ue

Making Rods & Holes

ﬂ”?ﬁp e

etcetera

-l - B B criod

hole layers

one

uyor ‘9 ueAsls

LIW uos

[eLOINY/SUOTOYd/MpS W OTIUFGE//GNY
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A More Realistic Schematic

Aligned lithography

Repeat Ni lifl-ofl
Substrate
i
Substrate B betratd

Si etch and RIE etch Si
planarize l Spin on SOD

Spin on Dielectric

o1-5i

Planarize SOD

Aligned
lithography

\

Dreposit ee-5i
-— Substrate

Substrate

eI N)/SUOJOUA/NPE I ONIUFGE//ANY LI UOSUYOP ‘D UBAR)S

[ M. Qi, H. Smith, MIT

Jacek.Szczytko@fuw.edu.pl
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Jacek.Szczytko@fuw.edu.pl

e-beam Fabrication:

Top View

Cross-sectional View

500 nm Si substrate

LOYA}/SUOIOYd/NPa I ONIUGE/ /)Y LIIN UOSUYO[ "D UBAS)S

(a) SEM micrograph (b) Schematic 5
[ M. Qi, H. Smith, MIT |-
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Adding “Defect” Microcavities

450nm 580nm

substrate

S/ LI UOSUYOF ‘D USAJIS

W ONIUFGe

Easiest defect: don’t etch some B holes
— non-periodically distributed: suppresses sub-band structure
— low Q = easier to detect from planewave

Sydnpe

fEnom/suoiyd

[ M. Qi, H. Smith, MIT ]

Supercontinuum-Source vs. Theoretical
Transmission Spectra

100
< 80 \ i
§e] |
wn \ 1
n ! @
e 60 \ 1
@ | °
S ‘: Measurement Simulation £
= 40 (without
X defect) .
20 . s
Simulation | z
o - g (with defects) :
1 12 14 16 18 2 22 24

Wavelength (um) [ M. Qi, H. Smith, MIT ]2

Supercontiuum vs. Theory:

IR PR S S B T
1 12 1.4 1.6 1.8 2
Wavelength (um) [ M. Qi, H. Smith, MIT |2

100 T
I n ation
Rl e R i | e P
= i
g | : [
D60 | : -
o= ; 1 i 1 °
i 40 CA || 3dipspredictedby W 1 B H
= avity-mode calculation H
20 H--Hdoe R S — BB WNNSN  localized mode »
i at 1.3um peak |
; Experiment 3

I

Future Work: X-ray Interference Lithography

[ M. Qi, H. Smith, MIT |

e 4

o %
17/ il [ ||| [N
:ubslraleJ % 3
standing wave = +A=m | H
The Good The Ugly
Large area: up to 10x10cm! Layer alignment :
Cheap ($50k vs. $500k for e-beam) still tricky :
Nearly perfect periodicity no defects: use e-beam locally 3
High resolution non-rectangular more tricky... f

13



ey The Woodpile Crystal

[ K. Ho et al., Solid State Comm. 89, 413 (1994) ] [ H. S. Sozier et al., J. Mod. Opt. 41,231 (1994) ]

diamond-like, “bonds”)

LEEL
=028

8
1]
£

Photonic DOS

B

L] o2 a4 0.E as 1
Frequency (o)

Up to ~ 17% gap for Si/air

Jacek.Szgzytko@
A
éi
=
Q
—
Ud/NPSIWONIUFGE//GNU LI UOSULOP '© UBASIS

[ Figures from S. Y. Lin et al., Nature 394, 251 (1998) ]ni,

1.25 Periods of Woodpile

(4 “log” layers = 1 period) [ S.Y.Lin et al., Nature 394, 251 (1998) ]

%%‘UV Stepper:” e-beam mask at ~4x size
+ UV through mask, focused on substrat

o|oug/nnpe JWONIUFGE// AU LIN UOSUYOL 'D UBAJIS:

/s

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

.25 Periods of Woodpile @ 1.55um

(4 “log” layers = 1 period) [ S.Y.Lin et al., Nature 394, 251 (1998) |
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o 100
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; &
5 8 eof
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® g 40 g
g E> 20 [ E
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N 1 15 2 25 §
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Woodpile by Wafer Fusion

double, double, toil and trouble...

[w uosuyor ‘o usnals

Jacek.Szczytko@fuw.edu.pl

0T}/ UOTOUA/pS IO e T

[ S. Noda et al., Science 289, 604 (2000)

!
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fihun

A0 /SUOTOYA/NPe U ONIUFGE// ANy

[ S. Noda et al., Science 289, 604 (2000)

Woodpile Gap from 1.3—1.55um

Reflectance Attenuation for

S ~100% Various Incident
? Angles
-
o
=£ 107
3 Transmittance
:\5 10} =4 Layers §
ﬁ‘ 107 . . . h b1 Crystal 3
o 0.8 1 1.2 1.4 1.6 g 1w :
N Wavelength [um] E H
N £ 107} )
® &
107 ¢
8 10° ; : . : '","“-"mg
- 08 1T 12 14 16 Crsml g
Wavelength [um] g
[ S. Noda et al., Science 289, 604 (2000) i:

Jacek.Szczytko@fuw.edu.pl
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Finally, a Defect!

LI uosuyor ‘9 uarels

s
Ay

= o1n1/sUoIoUd NP WO NUFGE /ANy

[ S. Noda et al., Science 289, 604 (2000)

Stacking by Micromanipulation

[ K. Aoki et al., Appl. Phys. Lett. 81 (17), 3122 (2002) |

eglu.pl

icrosphere break off
> into hole suspended
= layer
©)
o .. H
=< lift up and tap down ¢
< move to holes onto §
O =
N substrate spheres =
X 5
8 h (e) Microsphere  (f) %:
@ Spheres goto a; -
7 enforce @ g
alignment §

Substrate 2D photonic plate

15



Stacking by Micromanipulation Yes, it works: Gap at ~4um

[ K. Aoki et al., Appl. Phys. Lett. 81 (17), 3122 (2002) | [ K. Aoki e al., Nature Materials 2 (2), 117 (2003) |

ytke@fEVRdupl
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50nm accuracy:
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A Metal Photonic Crystal

[J. G. Fleming et al., Nature 417, 52 (2002) ]

Cubic lattice

[S.-Y.Lin et al., JOSA B 18, 32 (2001). ]

a Start with Si woodpile in SiO,...
3
(gV stepper, Si/air) dissolve Si with KOH...

fill with Tungsten .
via chemical vapor deposition (CVD) &
(on thin TiN layer)

dissolve SiO, with HF...

Jacek.Szczytko@fu
Jacek.Szczytko@fuw.edu.pl ,

R UWLONIUIER/ Ry LIN uoSuyor "9 u:

J/|ELOI}/SU0J0Yd/NPa Y WONIUI-Ge/-dRY  LIN UOSUYOI "D USA3}S

JIEOINI/SUOKIUEA

only a 5% gap a=3.2um
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Litografia 3D

Jacek.Szczytko@fuw.edu.pl

Two-Photon Lithography

2hv=AE
—F— hy photon
./\/\/U\ photon
@ g hv

3d Lithography

2-photon probability ~ (light intensity)?
N-photon probability ~ (light intensity)"

...dissolve unchanged stuff

\|/
ay

some chemistry —|
(polymerization)

(or vice versa)

JIEL0INY/SU0I0UT/NPS N WONUFGE/AN LN UOSUYOP ' UBAR)S

Lithography is a Beast

S. Kawata er al., Nature 412, 697 (2001) |

A =780nm

resolution = 150nm

Tum

(3 hours to make)

J[ELOINY/SUOIOUG/NP T ONUFGE/ T LI UOSUYOF '© UaASIS

For a physicist, this is cooler...

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

Distance (pm)

inmh

5
Time (s}

(300nm diameter coils, suspended in ethanol, viscosity-damped)

17



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

Prod

Jacek.Szczytko@fuw.edu.pl

Steven G. Johnson MIT  hitp://ab-initio.mit.edu/photons/tutorial/

[ fig. courtesy J. W. Perry, U. Arizona |

ukcja masowa?

One-Photon

One-Photon

Holographic Lithography B Holographic Lithography

[ D. N. Sharp et al., Opt. Quant. Elec. 34,3 (2002) ] Q

Four beams make 3d-periodic interference pattern

Nc—vector differences give reciprocal lattice vectors (i.e. periodicity)
/

N/

absorptive material

Jacek.Szczytko@fuw.edu.pl

(L4pm) = |

JEUOINSUOIUA NP AT ONUFGE/FGil LI UOSUYOF “© USRS}

beam polarizations + amplitudes (8 parameters) give unit cell

Vel A $irly AP

huge volumes, long-range periodic, fcc lattice...backfill for high contras :

[ D. N. Sharp et al., Opt. Quant. Elec. 34, 3 (2002) ]

e

18



111]
avages

ek.Szczytko@fuw.edu.pl

Sy
—(Eloseup

One-Photon
Holographic Lithography

[ D. N. Sharp et al., Opt. Quant. Elec. 34,3 (2002) ]

structure

titania
inverse
structure

@

LI UOSUYOP 'O UBAD)

JIRTIOYNI/SUOIOd/NPa U ONIUFGe// g

Jacek.Szczytko@fuw.edu.pl

Mass-production |I: Colloids

(evaporate)

silica (Si0,)
microspheres (diameter < 1pm)

sediment by gravity into
close-packed fcc lattice!

LI uosuyor ‘9 USRS

7ang

/eIy /SUOIOY NP8 L ONIUF

Mass- productlon II CoIIO|ds

Jacek.Szczytko@fuw.edu.pl

http://www.icmm.csic.es/cefe/

LIW uosuyor ‘9 ueAdls

JEETOTA/SUOTOYd/Npa I ONIUFGe//ang
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[ figs courtesy

Inverse Opals D. Norris, UMN |

fce solid spheres do not have a gap...
..but fcc spherical holes in Si do have a gap

sub-micron colloidal spheres

(] ‘ 900 Template 10
M.l s (synthetic opal)
ve -
l Infiltration T e nplete ba.d.g.. SR
3 —
N
oo N p
l Remove 0
Template ” N
~ 10% gap between 8th & 9th bands
‘Inverted Opal” small gap, upper bands: sensitive to disorder

LIW uosuyor ' ueAdls

J/EOINY/SUCOYd/Np LI ONUFGE//Ay
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In Order To Form

[ figs courtesy
D. Norris, UMN |

a More Perfect Crystal...

meniscus\

1 micron

65C .silica spheres evaporate
in ethanol
solvent
_—

Convective Assembly

[ Nagayama, Velev, et al., Nature (1993)
Colvin et al., Chem. Mater. (1999) ]

LIW UOSUYOr "D UBAIS

Heat Source

e Capillary forces during drying cause assembly in the meniscus

« Extremely flat, large-area opals of controllable thickness

/eI /SUOTOYd NS IONIUFGE/FdRg

[ fig courtesy

D. Norris, UMN |

Jacek.Szczytko@fuw.edu.pl

Inverse-Opal Photonic Crystal

Y

[ Y. A. Vlasov et al., Nature 414, 289 (2001). ]

[ fig courtesy
D. Norris, UMN |

LI uosuyor ‘9 uarels
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Wavelength (umj
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©
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35 <
=
N §
) z
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n z
X 5
@ 1
© =
@© !
-
Inverse-Opal Band Gap
Frequency (c/a)
c I?.b 0.6 0 .u (J’ 1.2
= l . X Vs W
£ k \ z \‘( A
N Rl
: N
2
d g
N 5
w e =
X good agreement § -
& between theory (black) E: =
0 & experiment (red/blue) = .

[Y. A. Vlasov et al., Nature 414, 289 (2001). ]
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Inserting Defects in Inverse Opals
e.g., Waveguides

% m 2pm
Sample inversion and g

Produkcja masowa?

A co z defektami?
(Pamietacie wneki, falowody...?)

Najpierw krysztat fotoniczny produkcji masowe;j

Three-photon lithography
with
laser scanning
confocal microscope
(LSCM)

+ N-photon lithography do defektow

Jacek.Szczytko@fuw.edu.pl
Jacek.Szczytko@fuw.edu.pl
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[ Wonmok,
Adv. Materials 14, 271 (2002)

JIBONSUOIOUNPA I ONUFGE//0 LI UOSULOP 'D UBAS)S

Mass-Production Il: Block-Copolymer 1d Crystal
Block (not Bloch)y Copolymers

-} -}
° ©
) double double o)
> two polymers spheres cylinders gyroid  diamond  lamellae .
% poly B § % CdSe nanocrystals
.~ can segregate, : - = © for higher index
(@) ordering into d g ® g
Operiodic arrays = o 2 (with surfactant o
=, LJ g < to attract particles3
(’\)‘ periodicity ~ ar o 8 - | H ('\)‘ to one phase) £
cg)olymer block size 0-13% 13-33% 33-37% 37-50% 3 N =
: ~ 50nm Im3 Pimm la3d Pn3 PZ mm g (D g
%(possibly bigger) mam m N nem m 5 é 5
8  increasing volume fraction of minori ciz % (UV bandgap) g
- ) i : £ ;
[ Y. Fink, A. M. Urbas, M. G. Bawendi, J. D. Joannopoulos, E. L. Thomas, J. Lightwave Tech. 17, 1963 (1999) ] §' §

[ Y. Fink, A. M. Urbas, M. G. Bawendi, J. D. Joannopoulos, E. L. Thomas, J. Lightwave Tech. 17, 1963 (1999) |




Block-Copolymer 1d Visible Bandgap

/ homopolymer
o . .
5 Flexible material:
3 bandgap can be
= shifted by stretching it!
E
S
g reflection for differing homopolymer % i
N T .
(N) e iz e i Lot z
0 dark/light: E :
X . 5
@  polystyrene/polyisoprene P
&) P 4
©
£

n=1.59/1.51

o O [N

[Ty /SUOTOYd NS I ONIUFGE/dRg

[ A. Urbas et al., Advanced Materials 12, 812 (2000) | EESR M)

Jacek.Szczytko@fuw.edu.pl

Block-Copolymer 2d Crystal

LI UOSUYOr ‘D UBASIS

=
B
@
g

/leuoIn}/suojoyd/npa i

[ Y. Fink, A. M. Urbas, M. G. Bawendi, J. D. Joannopoulos, E. L. Thomas, J. Lightwave Tech. 17, 1963 (1999) ]

Be GLAD: Even more crystals!

“GLAD” = “GLancing Angle Deposition

LI uosuyor ' uarels

any

15% gap for Si/air

diamond-like

with “broken bonds”
doubled unit cell, so gap between 4th & 5th bands

T oTOTeT

Jacek.Szczytko@faw.edu;pl

[ O. Toader and S. John, Science 292, 1133 (2001) ]

‘O rotation

S
O~
Q

Jacek.Szczytko@fuw

GLAD it works?

. rotation “seed” posts

‘ glancing-angle Si

qej-dny

PVD
Source

=5 ‘ only buildsup ¢

‘ on protrusions 3

‘ ...rotate to §

. E

evaporated spiral 3
1

Si

/SUGIOd/Npa T

[ S.R. Kennedy et al., Nano Letters 2, 59 (2002) }
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[ S. R. Kennedy et al., Nano Letters 2,59 (2002)

4@ U0IN/SUOIOUG/MPA I ONIUFGE//IU  LIW UOSUYOF ' UBASIS

A new twist on layer-by-layer...

=

5 YAYAYAYAY)

8 start with an old layer-by-layer \MA_N modify
3 - \WTAYAYATAY, layering
2L WAYAYAVR) sichiy..
S MA/A/AA\/A

==

>

N

()

N

N (don’t forget

X the holes)

8 (14% gap for Si/SiO,/air)

©

ﬁ[ S. Fan et al., Appl. Phys. Lett. 65, 1466 (1994) ]

[ S. Kawakami et al., Appl. Phys. Lett. 74,463 (1999) ]
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Jacek.Szczytko@fuw.edu.pl

Auto-cloning

Competition between
3 processes “clones”
shape of substrate

(a) Grid patterning

(b) Autocloning

neutral atgms l

Te,;m/ \

.

Initial shape

(a) ®) (c!
diffuse deposition bias re-deposition
leaves trenches sputtering fills trenches
(shadows) cuts corners

(prefers 60°)

(c) Drilling (Etching)

/

... so, only planar patterning
is in substrate
...only drilling needs alignment
...minimize etch roughness

[ S. Kawakami et al., Appl. Phys. Lett. 74, 463 (1999)

LI uosuyor ‘9 uarels

| oinysuotoydmpe wronUFGEGNY

Auto-cloned Photonic

-

Crystal

iherrial oxlde nn 33 sub.

A L T T )

[ E. Kuramochi ez al.,

Jacek.Szczytko@fuw.edu.pl

Opt. Quantum. Elec. 34, 53 (2002)3]
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“Yablonovite”

[ E. Yablonovitch, T. M. Gmitter, and K. M. Leung, Phys. Rev. Lett. 67, 2295 (1991) |

e A

diamond-like fcc crystal

earliest “fabrication-amenable”

=
>
o
o
3
S
=
@ alternative to diamond spheres
O .
g
8 4 - -
N
n
% [ image: http://www.ee.ucla.edu/labs/photon/ ]
&)
© (Topology is very
similar to 2000

layer-by-layer crystal)

LIW UOSUYOr "D UBAIS

JIEHOIY/SUOIOYd NP W ONUFGE//-dRY

Making Yablonovite

e-beam mask + chemically-assisted ion-beam

Making ~Yablonovite (II)

electrochemical + focused-ion-beam (FIB)

etching —
FIB 1 FIB 2
deep vertical holes) \ /

.pl

edu

2 T

= R "

@ - .‘:.‘:M‘ AR

§ ' = 3

ﬁ I

O

N il

U).n.ﬁ LT :

éoa .A\ N & |
L ,-‘\1 I ) : —'—u
'%o.z; T . i ’ 23,000 10¢m WD37 @
£h-

P 9lv:3.lpm 1
RO0D EROO 4000 AQ09 2e00 1040 o

[F R — [ A. Chelnokov et al., Appl. Phys. Lett. 77, 2943 (2000)

JiBHoI/SUOK

Jacek.Szczytko@fuw.edu.pl

Active lyer  Microcavity —— Total internal
—+— Hrugp refleci

NGt BUPLE e
Dragg mirrors polymie

o etching
>
©
(V)
;’ 100
2 % 4
Q_ ‘
g
= 0 3
o £ g
X § 6of 2
=8 wf g
B 2
O § e
N F sof ’ z
N ol o )
< ol "l
o >~ 5
O 0 . N 2 N 2 N s %
(] 900 1000 1100 1200 1300 1400 1500 1600 1700 5
- Wavelength [nm)] §
5
[ C. C. Cheng et al., Physica Scripta. T68, 17 (1996) | g
Etched alr holes
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http://www.acr.atr.co.jp/~wendin/FigureLegends/SelfAdaptOptFig.html

Gelf-adaptive optical link

sintroduction

«There are crystals, known as photorefractive
crvstals, in which laser beams can spontaneously
link. This phenomenon involves the self-re-
arganization of electronic charge distributions in
the crystal.

*An algorithmic model of this phenemenon may
§orve asa general mechanism for self-organizing
nietworks.

Biologiczne krysztaty fotoniczne

Biologiczne krysztaty fotoniczne

Scale: 2 pm
-
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Biologiczne krysztaty fotoniczne

Jacek.Szczytko@fuw.edu.pl
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SWIATLOWODY FOTONICZNE (PCF)

GUIDING MECHANISM o g

EFFECTIVE PHOTONI A (
INDEX GUIDING BANDGAP GUIBING ) i

Anclagous to
Bragg reflection

weart (Grystal Fioel - Prace w ZOI:

: . - Fotoniczna struktura pasmowa
- Wiasnosci dyspersyjne modow
- Struktury dwoéjlomne
e - Struktury wielordzeniowe

. . 1 - Struktury z siatkami Bragga

Tghi

(Meta)materiaty o ujemnym efektywnym wspolczynniku

Dla czestosci optycznych:

Shelby el al. Experimental Venication 5. Linden et al., Magnetic Response of
of a Negative Index of Refraction, Metamaterials at 100 Terahertz, Sciencd

Science 262, 77 (2001) 208, 1351 (2004)

Opis |. Shadrivav, Y. Kivshar, Bending waves in a
wrong way, The Physicist, 41, (2004),

Modelowanie — struktury podfalowe

Optyka geo yézna FDTD (Metoda roznic skonczonych

‘ d~A
i Optyka f ks zatosowana do r. Maxwella z czasem)
/ +
/ ; * kontrast wsp.
| | Réwnania

| | materialowych
. Maxwella I

PWM (Met. fal ptaskich- do wyznaczania
struktury modowe| krysztatow fotonicznych)

PG G Il (SRR GRS PRG G w00 wan

Poss wcs

Workad indes [

Podziekowania

Dr hab. Dariusz Wasik
Dr Rafat Kotynski

Wydziat Fizyki Uniwersytetu Warszawskiego
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W przysztym tygodniu
Czy komputer moze myslec?

1. Tw. Godla kontra Matrix
2. Moim zdaniem

.. e En
Rys. zrodlo: Intemet

W przysztym tygodniu

Prezentacja prac studentow

Krzysztof Lopacki Nowy gatunek 10 min

Konrad Bojar Disruptive Technologies 10 min

Rafat Opiela, Rafat Hatasa Internet, telefon, radio i TV, tgcznosc
i lokalizacja 15 min

Algksandra Kulczyk, Jakub Teska Samochdd przysztosci 15
min

Pawet Paluch, Piotr Kakietek Dom przysztosci 15 min.

Krzysztof Czarnecki ,Kanapka z szynkg”
Maciej Bindas ,Dom za kilka lat”
Katarzyna Pawlikowska ,Jeszcze nie wiesz, ze chcesz to mie¢!”

Rys. zrodlo: Intemet
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