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POTOHMKA: 0030P AOCTUXKEHUU N NEPCNEKTUB




OnpenenexHuve

®oToOHMKa — 06N1aCTb HAYKM U TEXHUKU, CBSA3aHHAas C
NCNOJSIb30BAaHNEM CBETOBOro nsny4deHuns (Notoka OTOHOB) B
cucrtemax, obecneumBaloWmMx reHepaumio, ycuneHme, Mogynsaymio mn
AeTeKTUpoBaHMe oNTUYECKNX CUTHANoB

[lepBOHaYanbHO TEPMUH «POTOHUKA» SABMAANICA SKBUBASIEHTOM
TEPMUHA «3NEKTPOHUKA» AN CUCTEM, UCNOMb3YHOWNX ANS
nepenayn nMHdopMmaunum ontTnyeckoe nsnydvyeHme. B HacToswee
BpeMsl 3TO MOHATUE BKJOYaET B cebsi He TONIbKO CUCTEMbI Nepeaayn
MHPOpPMaUMUKM NPU MOMOLLM ONTUYECKOr0 U3NTYHEHUSA, HO TaKXe
CBsI3aHHble C HUMWN CUCTEMbI FreHepauuun, npeobpasoBaHus,
OEeTEKTUPOBAHMS ONTUYECKNX CUIFHAMO0B, @ TakXe CUCTEMbI
XpaHeHNa nHpopMauuu.
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Csobodnas snuuxnoneoud
¢OTOHMKA — 3TO Hayka O reHepauuu, yrnpaBneHUn Un o6Hapy>XEHUU OOTOHOB,

0ocO6eHHO B BMAMMOM U OAMXKHEM WHPpPaAKpacHOM CrnekTpe, a TakxXe o0 ux
pacrnpocTpaHeHnun Ha  Yy1bTpaduoneToBoun (anvHa BOJIHbI 10...380 HM),
AJIMHHOBOJTHOBOW MH@pakpacHou (AsiMHa BONHbLI 15...150 MKM) 1 cBepxXuHppakpacHomn
yacTtu cnekTpa (HanpuMmep, 2...4 Tly cooTBeTCTBYEeT ANMHE BONHbLI 75...150 MKM), rae
cerogHsi akTUBHO pa3BMBAKOTCA KBAHTOBble KacKaAHble sla3epsl.

(bOTOHMKA TaKXe MOXeT 6blTb OXapakKTepm3oBaHa Kak 061acTb GU3NKN U TEXHONOMUK,
CBA3aHHas C WU3/ly4YeHUeM, [AeTeKTUpOBaHWEM, roBedeHMeM, NocneaCcTBUSAMMU
CYLLeCTBOBaHUA U YHUUTOXeHUS (POTOHOB. IDTO O3Ha4daeT, uyTo (POTOHMKA 3aHMUMaETCH
KOHTpOJSieM U npeobpa3oBaHMEM OMNTUUYECKUX CUCHANOB U MUMEEeT LMPOKoe none Ans
CBOero rpuMeHeHus: OT nepedayn WHoOpMauum 4yepes onTUYeckme BOJIOKHa Ao
CO34aHUSA HOBbIX CEHCOPOB, KOTOpble MOAYJ/IMPYIOT CBETOBblEe CUrHasIbl B COOTBETCTBUMU
C ManenwunmMmm N3MeHEHNSIMN OKpyXKarLen cpeabl.

TepMUH «@dOTOHMKa» B 06N1acTM COBpeMeHHOM ONTUKM Hambonee 4dacto obo3HaudaeT
BO3MOXHOCTb CO34aHNs (POTOHHbIX TeXHONOrMm o6paboTkm CMrHanos, TO Xe caMoe, 4YTOo
«3JIeKTPOHNKA»

HekoTopble MCTOYHUKM OTMeYalT, UYTO TEePMUH <«ONTUKA» MNOCTENEHHO 3aMeHsIeTCs

HOBbIM O606LLEHHbLIM Ha3BaHUEM — «(POTOHMKa». 3



OcHOBHble HanpaB/ieHNa uccnenoBaHnin B 061actu GOTOHUKMK

e Pa3paboTka ONMTUYECKUX, BIEKTPOOMTUYECKMX W OMNTOSNEKTPOHHbLIX YCTPOWCTB U
nccnenoBaHMe BO3MOXHOCTM UX MPUMEHEHUS.

e Pas3paboTka YCTPOMUCTB BOJIOKOHHOW W WHTerpasibHOM ONTWUKU, B TOM 4ucne -
NOSYNPOBOAHUKOBbLIX Jla3epoB, 3/1EKTPOHHbLIX CBY-yCTpOMUCTB, 3/1€eKTPOONTUYECKUX
MoAYyNnsaATOpoOB, GuUnbTpoB, ha3oBpallaTtenen n rnpou.

e ®dyHAaAMeHTalNbHblE UCCIeA0BaHMSA NPOLECCOB, CONPOBOXAAOLWMX pacnpocTpaHeHme
3/1IEKTPOMArHUTHOrO U3/TYYEHUS B BELLECTBE U B3aUMOAENCTBME SNEKTPOMArHUTHOMO
N3TYYEHUS C BELLECTBOM: FreHepaums rapMOHMK, YCNOBUS MOMNOLWEHNS, OTPaXXeHUs
N paccesiHUS CBETa pas/INYHbIMU CpefiaMu, pa3sHble BUAbl TIOMUHECLEHLUU U Ap.

e Pa3paboTka yCTPOUCTB BbICOKOCKOPOCTHOW nepeaayn nHdopmMauum



doTOoHUKa KaK oTpaclib MHAYyCTpUU

MPOBOWN PbLIHOK POTOHUKMN — okono 300 mnpa eBpo (NPOrHo3mpyemMbin pocT Ha 6,5% exeroaHo)
BPONEenCcKun pbIHOK POoTOHUKK — Gonee 60 mnpa eBpo (NporHo3npyembin pocTt — Ha 8% exeroaHo)

Bponenckasa ¢potoHmnka B 2008r. — 3To 2517 komnaHum u 748 uccnegoBaTenbCKUX opraHnsaummn. O6uee
ymncno 3aHATbIX — 300 Tbic. Yyen., B 2005-2008r.r. hoTtoHMKa co3pana B EBpone 40 Tbic. HOBbIX pabo4ynx mMecT.
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JlazepHble TEXHOIOMMMU — OCHOBA (DOTOHUKM

— KOrepeHTHOCTb,
cnegcrBmnem KOTOpOVI ABTAKOTCA MaJiad yryiioBasd pacxoanMoCTb U
BbICOKad MOHOXPOMATU4YHOCTb.

OTcto4a: BO3MOXHOCTb KOHLEHTPALMU SHEPTUMN NNA3EPHOIO
N3nyyeHuns

- B MPOCTPaHCTBE
- BO BPEMEHMU
- B CMeKTpa/ibHOM Anana3oHe

DHEeprus NasepHoro N3Ny4YeHus «XopoLlo yrpaBiasieMa.



JlazepHble NH(POPMALIMOHHbIE TEXHOJIOrUU

3anucb M XpaHeHue nHpopmaumm (oNTUHECKNE ANCKMN)

BOCnpousBeaeHue ayamo- u euaeosanucen (nasepHble
npouvurpbiBaTesin)

oTtobpa>keHue nHipopmauum (Ancnnen, nasepHoe TenesnaeHue)
nepepavda nHcpopMmaLmm nNo CBETOBOJIOKHY, CBAI3b

nepepavya nHdopMaumMm nNo OTKPbITOMY N1ydyy B atMmoccepe n B
KOCMoOcCe

0o6paboTka nHpopMaunm, KBAHTOBbIEe KOMNbIOTEPbI
KBaHTOBasA Kpunrtorpadpusna
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TexHonornyeckme nnatpopmsl ANsS pa3BuTMS U MOAEPHU3ALIUN

OTe4YeCTBEHHOW HAaYKN U TeXHO0rmm

e ®UIMN «AccnepoBaHus
M pa3paboTku no
NPUOPUTETHbLIM
HanpaBneHUAM
pa3BUTUA Hay4YHO
TEXHNYECKOro
komnnekca Poccum Ha
2007- 2012 roabi»

e ®UIMN «HaunoHanbHan
TexHonorn4yeckas
6asza»

* OTtpacneBbie ®LI

* [lporpamma
¢yHAaMeHTanbHbIX
nccneaoBaHUn
nao 2020 roga, POOPU

TexHonornyeckumn popcaunt

Moppepxka
YHUBEPCUTETOB:

UccnepoBaTenbCKUX n
theaepanbHbIX

YHNBEPCUTETOB,
TexHonormyeckue ° 218, 219, 220
MnoCTaHOBJIEHUA
nnatcgpopmsbl
MHCTVITyTbI pa3BUTUA:
OAO «PocHaHo», OAO «PBKb», Mporpammei
¢OH,E|, CO,quICTBVIFI pa3BUTURO MHHOBALUMNOHHOIO

MarnbiXx ¢popm
npeanpuMHUMaTenbLCcTBa B
Hay4YHO-TexXHu4eckou cdepe,
doHa «CkonkoBo»

pa3BUTUA KOMMAHUN C
rocyaapCTBeHHbIM
yvyactuem 9




KosinuecTBo
HanpasJienust TEeXHOJIOTHYeCKHUX
mwiargopm

1. MeauuuHCKNE H OMOTEXHOJIOTHH 3

2. ludopMaiHOHHO-KOMMYHUKAIIHOHHBIC TEXHOJIOTUH 2

3. ®oTOHUKA 2

4. ABHAKOCMHYeCKHe TEeXHOJIOTHHU 3

5. SAinepHble U paguaAllMOHHBbIE TEXHOJIOTHH R)

6. DHepreTuka 4

7. TeXHOJIOTHH TPAHCIOPTA 2

8. TexHo1I0rUM MeTAJUIYPIUM U HOBBIE MATEPHAJIbI 2

9. JloObI4a NPUPOAHBIX PECYPCOB H

HedTerazonepepadorka 3

10. DjIeKTPOHHUKA U TEXHOJOIMH MAILIMHOCTPOEHUS 3

11. Dkosioruyeckoe pazBuTHe 1 10



TexHonornyeckme nnatgopmbl No HanpaseHnto «POoTOHNKa»

1. VIHHOBaUWOHHbIE Na3epHble, ONTUYECKMNE N ONTOISEKTPOHHbIE
TEXHOMOrMn — OOTOoHMKA.

2. Pa3BuTne pocCUUCKNX CBETOANOAHbLIX TEXHOMNOMNM

11



«..llonynpoBOAHMKU — 3TO NOYTU BECb OKPYKaloLMMN HAC
HeopraHU4YecKum Mup»
A.P. Nochde

nonynrPpoBogHUKA

CETHETOQJNEKTPUKU

N\

®EPPOMAIHETUKU

7

MYJNIbTUDEPPOUKU OPIrAHUYECKUE MATEPUANDI
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OcobeHHOCTU ANarHOCTUYECKMUX

MeToAOoB ANnA HAHOTEeXHOJI0rMu

HyecmeumenbHocmb

*K ManbIM o0bemam( surface-sensitive)

*K XMMUYECKUM dfIEMEHTaM B MalbIX KONMYecTBax
*K )YHKLMOHANbHbLIM CBOUCTBAM

Pa3peweHue

‘npocTpaHcTBeHHOE(X-Y, Z)

*CreKTpanbHoe(3HepreTu4ecKoe) OnTuYeckue U HenMUHEeNHo-

*BpeMeHHoe OonTUYeCKue MeTOANKH

Hedecmpy KMmueHocmb *OnTuyeckas MUKPOCKONUA
*CKkaHupyoLwwan 6nmxHenonbHas

UHmepnpemayus

onTtuyeckasa mukpockonusa (SNOM)
*OnTnyeckaa cnekTpocKkonus

[ eHepauua BTOPOW ONTUYECKOW
rapMOHUKH
sDoToNnOMUHECLeHUUSA

13



Practice: High-resolution optical methods

/\

SURFACE METHODS 3D METHODS
~250
/\ CONVENTIONAL ,
NSOM, TIRF | R | ~180
~30 N nm
nm CONFOCAL |
NON- LINEAR|
INTERFERENCE | T N
multlphoton |  reversible saturation | y SPIM |
/\ ApoTomel ;
h o ~100
SHG| CARS, 2P, 3P HELM| _IFM j _aFi g« nm
~3Onm MMM — 4Pi,
SSIM | STED, 14
Garini et al, Curr Opin Biotech 2005. 16, 3
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I e —
dOyHAaMEeHTaNbHbIE NOJOXKEHUA ONTUKN,
MCNOJIb3yeMble B yCTPOMUCTBAX GOTOHUKM

DMCI’IepCMﬂ cBeTa — 3aBUCUMOCTDb noKa3aTtesns npesioMmneHnsa ot 4aCtoTbl
cBeTa

PasnoxeHue B cnekTp 6enoro ceeTta nNpu 15
NOMOLLM NMNH3bl HbOTOHA



[loNIHOe BHYTpeHHee oTpaxeHune

16
[na pa3HbIX 4aCcTOT — pa3Hble HanMpaB/EHUSA MOJIHOIO OTPAXKEHMUS
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DOTOHHbIE KpUCTan/bl

POTOHHLIE KpUCTansbl - Cpeabl, Y KOTOPbIX AN3SIeKTpuYecKkasd NpoHNLAaeMoCTb
nepuognyeckn MEHAETCH B NPOCTPAHCTBE C NepmogoMm, A0MyCKarLWmMM BparroBCKyto
Ovdppakumnto ceeTa.

POTOHHbIE KpUCTansbl, brnarogaps nepMoanyeckomy U3aMeHeHuo KoadouumeHTa
NperioMNeHns, NO3BONSAOT NOSTYHYUTb PaspeLLEHHbIE N 3anpeLeHHbIE 30HbI 4S5 3HEPrum
JpOTOHOB, aHaNoOrM4yHO NOsyrNnPOBOAHNKOBLIM MaTepuarnam, B KOTOpPbIX HabmogaTcs
paspeLlEHHbIE U 3arnpeLLEHHbIE 30HbI A1 QHEPTUI HOCUTENEN 3apsiaa.

[MoHATME paspeLleHHbIX U 3anpeLLeHHbIX 3HEPreTUYEeCKMX 30H - OAMH U3 CTONMNOB TBEPAOTENBHOM
9NEKTPOHUKKN. B onTuke TBEPAOro Teria cxoxee NOHATUE NosiBUNOCH Nuwb B 1987 rogy, korga Onum
AbnoHoswuy (Eli Yablonovitch), cotpygHuk Bell Communications Research (HbiHe npodeccop
KanudopHuinckoro yHnsepcuteta B Jloc-AHgpKkenece), BBEN NOHATME 3anpeLleHHON 30HbI A4
anekTpoMarHnTHbIX BOSH (electromagnetic band gap

17



POTOHHLIE KpUcTansbl

C obuwer Toukn 3peHus GOoTOHHbIV KpUCTann aBnseTcs cBepxpeweTkon (crystal superlattice) -
cpenow, B KOTOPOM MCKYCCTBEHHO CO34aHO AOMOJIHUTENIbHOE Mosie C NEPMOAOM, Ha MOpPsSAKK
NnpeBbIWaoWmMM Nepruos 0OCHOBHOM pelleTku. na poToHOB Takoe nosie NosyvyatoT Nepruogmyeckmm
N3MeHeHneM KoadpdnuneHTa npesioMseHmns cpeabl - B 0AHOM, ABYX WK Tpex namepenmsax (1D-, 2D-,
3D-dOoTOHHbIE CTPYKTYpPbl COOTBETCTBEHHO). ECNn nepmnoa onTnyeckom CBepxpeLlleTkn CPaBHUM C
AJIVHOWM 3NEeKTPOMAarHUTHOW BOJIHbI, TO MoBeAaeHMe POTOHOB KapAWMHANbHO OT/IMYAETCH OT UX
noBeaeHUs B pelueTke 06bl4HOro KpucTania, y3bl KOTOPOro HaxoasTCcsa Apyr OT Apyra Ha
PACCTOSAHNM, MHOIO MEHbLUEM AJINHbI BOJIHbI CBETA.

1-D 2-D

18




DOTOHHbIE KpUCTanbl
e N

MpuHLMn gencters GOTOHHOIO KPUCTaANNA

Vicrionb3yeMeie NoHAMUSA U AA6reHUS.

UHTepdepeHUUs
Oucnepcusa ceeTa
[lonHoe BHYTpeHHee OTpaxeHue

19



DOTOHHbIE KpUCTaM/bl Mo aHanornm ¢ 1D andppakuMOHHBIMKN peleTKamMun
Ha3bIBAOT MHOrAA TPeXMEPHbIMU ANMPAKLNOHHBIMU peLlleTKaMu.
PacnpocTpaHeHne n3nydyeHnsa B TaKMUX pelleTkax onpeaensercd
yCNOBMEM MAaKCUMyMa UHTepdepeHLnn CBeTa, paCCessHHOro Ha y3nax, u
3aBUCUT OT yrjla Mexay HanpaB/ieHUEeEM BOJIHOBOIO BEKTOpPa U 0CAMMU
ANPPAKLUMOHHOW peLlueTKn - OTOHHOro Kpucrasnna

Mpu paccesHun poToHOB Ha 1D- 1 2D-CTpyKTypax Bcerga HaxoAaTCa Takue Hanpas/ieHUsa pacrnpoCcTpaHeHus
AndparnpoBasBLUMX Nyden, 4519 KOTOPbIX BbINOJHEHO YC/I0BME MAaKCUMyMa UHTepdepeHummn. Ans
OAHOMEpPHOro Kpucrtanna - HUTK (a), Takne HanpasseHnsa 06pa3yroT KOHMYECKMe NOBEPXHOCTH, a B
ABYMepHOM cny4dae (6) - COBOKYMHOCTb OTAENbHbIX, U30JIMPOBAaHHbLIX APYr OT Apyra ny4yen

TpexmepHbili ciiyyait (B) NpUHUMANANBHO OT/IMYAETCS OT OAHOMEPHOIO U ABYMEPHOr0 TEM, YTO YC/IOBUE
MaKCMMyMa UHTepdepeHUnmn ans AaHHOW ANMHbI BOJSTHbI CBETA MOXET 0Ka3aTbCst HEBbIMOSIHUMbIM HU ANS
04HOro M3 Hanpas/eHWUIH B NpocTpaHcTBe. PacnpocTpaHeHne ¢GOTOHOB C TaKMMU AJSIMHAMW BOJH B 20
TPEXMEPHOM KpUCTasisie HEBO3MOXHO, @ COOTBETCTBYIOLINE UM SHEPIrMMN 06pa3ytoT 3anpeLleHHble
(bOTOHHbIE 30HbI.



DOTOHHbIE KpUcTansbl
! |

DOTOHHbIE KPUCTANbI B NPUPOAE

Mopckoun yepBb
Genus aphrodita n ero

PaAYy>XHbl€ UIroJIKK




POTOHHLIE KpUCTansbl
|

QOTOHHbIE
KPUCTaN bl B

npupoge




DOTOHHbIE KpUCTansbl
e N

CTpyKkTypa Kpbl/ibeB 6ab0uKkM

a) n 6) - cmHe-pnoneToBbIN LBET
C nepennBamm

C) — KOpPUYHEBbLIN UBET




Onanbl
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CNOHTaHHAA KPpUCTaNMN3aLUMNA
KonnaomnaHoro pacreopa SiO:s
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Ni onaabl

Xindi Yu, Yun-Ju Lee, Robert Furstenberg, Jeffrey
O. White, Paul V Braun B ctatbe «Filling fraction
dependent properties of inverse opal metallic (a) (b)
photonic crystals»uccnenytoT HUKenesble Gren

(POTOHHbIE KpUCTanbl C pasfNnUyHbIMU ' : .'."v
: Pa

Red Yellow

Tonorpacpmsmn. CnekTp oTpaxkeHuns 6bin M3MeEpeH C
nomowbto  FTIR. Ons Toro 4ytobbl yBENNYMTL
rnyOGuHy NPOHNKHOBEHUSI N3NyYeHns, obpasubl
NMOCTENEHHO pacTpaBnMBasnuch.
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CnekTpanbHasi 3aBUCUMOCTb OTPaXXeHUs Ans
pa3HOoro KonmM4ecTBa CrnoeB Ansi onanos C 27
«KpacHomn» Tonorpaduen.



OGOTOHHOKPUNCTANTMYECKWME
YCTPOUCTBA ®OTOHUNKN N MTPUHLLTbBI
MHRTEIPALNN




YctpouncTtea Ha QK

OnTnyeckum
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Wei Wu. US 7,315,663 B2. //
Electronically controlled photonic crystal
optical switch. - 2008.

®OTOHHO-
KpUCTaninyeckum
BOJIHOBO/,

NL-1.5-670-02

DOTOHHO-KPUCTaNIMUYECKNI CBETOAMNOA

Extraction of
waveguided light
Photonic Crystal

Metal
Contacts

Sapphire (n=1.7)

QW active region

Daniel L. Barton and Arthur J. Fischer
Semiconductor Material and 29
Device Sciences, Sandia National Labs.



Ob6nacTb NpMMEHEHNS — BOJIOKOHHbIE
ONTUYECKNE TMHUWN CBSA3M




PacnpocTpaHeHuMe cBeTa No cepALeBMHe
BOJIOKHQ

CTAKAAPTHOR BONOKHO

MUKPOCTRYKTYPMPOBAHHOE
BONOKHO

MOJIHOE OTpa>XeHnNe 3arnpeleHHbIE 30HbI

31



Buabl POTOHHbBIX BOJIOKOH

nosasa cepaueBuHa npoBoAsLlas cepaueBmHa 32



CTpyKkTypa DOTOHHOIO KpucTanna, WintcTpauns c canTta
SoftPedia.com



ONeKTPo-onTUYeckne MoaynaTopsbl

UHTepdepomeTp Maxa-LlaHpepa
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High_p recision Optical interferen ce in M aCh- I Abstract: Excellent optical interference was experimentally demonstrated

in the near infrared region using asymmetric Mach-Zehnder (MZ) type

Zehndelv_type photonic crystal Waveguide GaAs-based two-dimensional photonic crystal (2DPC) slab waveguides

with directional couplers (DCs). As one of two MZ arm lengths changed in

Yoshimasa Sugimoto*, Hitoshi Nakamura, Yu Tanaka, Naoki Ikeda, Kiyoshi Asakawa’

The Femtosecond Technology Research Association (FESTA), Tsukuba, 300-2635, Japan experiment where the DCs were operated by two incident optical beams
* T4ARA Center, University of Tsukuba, 1-1-1, Tennodai, Tsukuba, 305-8577, Japan with externally controlled phase’s difference, a sinusoidal change was
ysugi@festa.or.jp observed also in output intensities according to the theory of the DC. These
results were obtained by virtue of excellent nano-fabrication of the 2DPC
Kuon Inoue structures and pave the way to successful operation of a PC-based ultra-

Chitose Institute of Science and Technology, Chitose 066-8653, Japan small symmetrical MZ (SMZ) all-optical switch.

Toyota Physical and Chemical Research Institute, Nagakute, Aichi-gun, Aichi 480-1192, Japan

©2004 Optical Society of America
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Samples used in the experiments were fabricated in epitaxial hetero-structures grown by

molecular beam epitaxy. A 250-nm-thick GaAs core layer was grown on top of a 2-pum-thick

AlysGag4As sacrificial clad layer on a GaAs substrate. An air-bridge waveguide was

fabricated using high-resolution electron-beam (EB) lithography, dry etching, and selective 1 ’3 - 1 ,55 p.m
wet-etching techniques. Lattice constants were 360 nm and 450 nm, corresponding to air-hole

diameters of 210 nm and 260 nm, respectively. A single-line defect was formed by leaving a

row of perforated air-holes in the /=K direction.

35

units of the lattice constant. the output intensities exhibited sinusoidal
curves in excellent agreement with coupled-mode theory. In another



2D Photonic crystal thermo-optic switch based . v
on AlGaAs/GaAs epitaxial structure

Edilson A. Camargol’ % Harold M. H. Chong1 and Richard M. De La Rue’

1. Optoelectronic Research Group, Department of Electronics and Electrical Engineering, University of Glasgow,
Oatldfield Avenue, Glasgow G12 SLT, Scotland

2. Instituto Tecnolégico de Aerondutica, Centro Técnico Aeroespacial, Praca Marechal Eduardo Gomes, 50, Sdo

José dos Campos, 12228-901, Sdo Paulo, Brazil.
camargo@elec.gla.ac.uk
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(a)

Fig. 1. (a) Scanning electron micrograph of Mach-Zehnder switch device showing the NiCB6
heater on top of one arm of the structure. (b) Detail of interface between 150 nm thick NiCr
heater layer and 300nm thick Au contact layer.



Simulation of Photonic Waveguides in

Ferroelectric Thin Films

Ornulf Nordseth!, Ralph W. Bernstein?, Jostein Grepstad!, and Thomas Tybell!-?

'Department of Electronics and Telecommunications, NTNU, 7491 Trondheim, Norway

2NTNU Nanolab, Realfagbygget, NTNU, 7491 Trondheim, Norway
3SINTEF IKT, 0371 Oslo, Norway
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» PLZT slab of holes suspended in air

— Dielectric contrast of 6:1 (PLZT:air)

— Plot of guided even modes

 Square and triangular hole configuration

* Largest band gap for the triangular lattice structure
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Simulation of Photonic Waveguides 1n s s—
Ferroelectric Thin Films

Ornulf Nordseth!, Ralph W. Bernstein?, Jostein Grepstad!, and Thomas Tybell!-?

'Department of Electronics and Telecommunications, NTNU, 7491 Trondheim, Norway
NTNU Nanolab, Realfagbygget, NTNU, 7491 Trondheim, Norway
3SINTEF IKT, 0371 Oslo, Norway

Optimizing the PLZT slab of triangular hole structure
* Optimal thickness: 0.75a
* Optimal hole radius: 0.37a
* Band gap: 25.7 % (Af/f)
* Mid-gap frequency : f, = 0.42c/a
« Lattice constant: a = 0.42A (a = 650 nm for A = 1.55 pm)
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Tunable photonic crystal circuits: concepts and designs based M FEEEE————(
on single-pore infiltration

Sergei F. Mingaleev
Institut fur Theorie der Kondensierten Materie, Universitiat Karlsruhe, 76128 Karlsruhe, Germany, and

Bogolyubov Institute for Theoretical Physics, 03143 Kiev, Ukraine

Matthias Schillinger and Daniel Hermann
Institut fir Theorie der Kondensierten Materie, Universitdt Karlsruhe, 76128 Karlsruhe, Germany

Kurt Busch
Department of Physics and College of Optics and Photonics: Center for Research and Education in Optics and
Lasers and Florida Photonics Center of Excellence, University of Central Florida, Orlando, Florida 32816, and
Institut fir Theorie der Kondensierten Materie, Universitdt Karlsruhe, 76128 Karlsruhe, Germany

We demonstrate that the infiltration of individual pores of certain two-dimensional photonic crystals with
liquid erystals and (or) polymers provides an efficient platform for the realization of integrated photonic
crystal circuitry. As an illustration of this principle, we present designs for monomode photonic crystal wave-
guides and certain functional elements, such as waveguide bends, beam splitters, and waveguide intersections.
These devices exhibit very low reflection over broad frequency ranges. In addition, we discuss the inherent
tunability of these devices that originates in the tunability of the infiltrated material. © 2004 Optical Society
of America

Let us consider a 2D PC consisting of a square lat- —
tice of cylindrical air pores (radius r = 0.475a; lattice R
constant @) in a silicon matrix with refractive index
n = 3.46 (macroporous silicon®). For E-polarized
light this structure exhibits two complete PBGs with
the larger, fundamental bandgap, extending from 0.75
a/A = 0.238 to a/A = 0.291 (20% of the midgap &
frequency). Infilling a material with refractive index =
ngef = 1.55 into a single pore gives rise to a non- —
degenerate monopolelike cavity mode as depicted in
Fig. 1. In Fig. 2(a) we display the dispersion rela-
tion for the propagating guided modes of a straight i )
PC waveguide created by infilling a material with 0 e
refractive index nger = 1.55 into a single row of pores. 0.275 0.28 0.285

Frequency, a/A

Fig. 3. Transmission spectra for three different agsigns of
waveguide bends as illustrated in the upper drawings.
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|T|2 for design (a)
s |T|2 for design (b)
— |T|2 for design (c)

/

/
\

IIIIIIIIII

LI

I\llllllllllllllll

;-ér—--"-"_
)
g
11




Beam steering in planar photonic crystal based on its

anomalous dispersive properties

WU Lijun™?, MAZILUM.!, GALLET J.F.!, KRAUSS T.F.!

2

(“Department of Physics, Hong Kong University of Science and Technology, Hong Kong, China)

Top cladding
Guiding layer Bottom cladding
Substrate
Sputtering and spin coating Typical cross section of the PhCs
PMMA

Chemically assisted ion

l E-beam lithography and development
beam etching (CAIBE)

CHF; reactive ion etching

Fig.1 Sample fabrication procedure

('The Ultrafast Photonics Collaboration, School of Physics & Astronomy, University of St. Andrews, St. Andrews, Fife KY16 955, Scotland, UK)

Incident SMF
Guiding layer for
the input waveguide

@)
Core of SMF
Input waveguide
(b)

Fig.3 Illustration of the incompatibility between the
normal SMF and the input waveguide of the device.
Normally, the thickness of the guiding layer of the
waveuguide is from 250 nm to 400 nm. Applying a
normal SMF with 7 pm as core diameter, there is a sig-
nificant vertical incompatibility, resulting in high inser-
tion loss. Therefore, a cylindrically lensed fibre to
squeeze the mode into the propagating plane is neces-
sary to couple more light into the input wavegu‘ﬂﬂ. (a)
Side view: (b) End view



-PRISM-WAVEGUIDE COUPLING AND PACKAGING c

Zhaolin Lu
raity of Delawara . Center for Composite Materlals . Department of Electrical and Computer Enginsering
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Nanofabricated negative-index optical elements from InP/InGaAsP and SOI
heterostructures

Ravinder Banyal, B. D. F. Casse , W. T. Lu, S. Selvarasah , Y.J. Huang , C. H. Perry, M. Dokmeci and S.
Sridhar, MRS 2007.
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(a) Input light coupling into the waveguide
(b) Light propagation inside the PhC prism - IR image 45
(c) NSOM image of the negatively refracted beam



== Total internal reflection photonic crystal prism sss—

Ethan Schonbrunl, Maxim Abashinz, John Blair3, Qi Wul, Wounjhang Parkl,

Yeshaiahu Fainman®, and Christopher J. Summers®

'Department of Electrical and Computer Engineering, University of Colorado, Boulder, Colorado, 80309

Fig. 2. A) Scanning electron micrograph (SEM) of the fabricated device. The insets show the
crystal terminations for the prism input and reflection interfaces. The front half of the prism is
surrounded by silicon slab, and behind the prism is an etched out air trench. B) Numerical
simulation of the time averaged square of the E, (out-of-plane) field. The wave 1s incident
from the bottom right and exits the bottom left. The numerically simulated device 1s three
times smaller than the fabricated device, so diffraction 1s negligible.

Although the reflection in Fig. 1(B) is more surprising in nature, we chose to fabricate a
device based on Fig. 1(A) because it allows access to the reflected beam. The PC region was
symmetrically reflected along the short leg of the right triangle to form a 120°-30°-30° prism
where light enters and exits a ['M-to-silicon interface and is reflected from a I'K-to-air
interface. as shown in Fig. 2(A). Small regions around each 30° vertex have been removed
because they do not substantially effect light propagation. Three input waveguides each of
which is 3 um wide and separated from each other by 5 um, terminate 68 um from the PC
prism. as shown in the lower right of Fig. 2(A). Light couples into a PC mode in the second
photonic band where the EFS is flat along the 'M direction. The beam then propagates with
minimal diffraction for 22 um in the PC, reflects off the I'K interface and propagates through
another 22 um inside the prism before coupling back out to the silicon slab. The output beam
is sampled by a photonic wire array of 1 um wide wires with center-to-center spacing of 3
um.

Fig. 4. Far-field scattering images of the PC prism. The center input waveguide is illuminated.
The scattering images are superimposed on an SEM 1mage to show the device geometry. In
each ph h, the input guide 1s at the upper-left. the TIR prism is in the upper-right
and the output waveguide array is along the bottom. A) shows 1542 nm TM polarized
illumination. which creates a highly confined output spot that primarily illuminates two output
waveguides. B) shows 1559 nm TM polarized illumination, which has high efficiency and
small out-of-plane scattering at each device interface. Scattering from the output waveguide
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POTOHHBIN KpucTann Ha ocHoBe ZnO
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®oToHHaA 3anpelleHHasn 3oHa PK Ha ocHoBe GaAs

CnekTpbl 0TpaxeHus 1 nponyckaHus ®K Ha ocHoe GaAs ¢ a) kBagpaTHOMN 1 b) rekcaroHanbHOM ynopsg04EHHOCTbIO
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intensity
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BonHoBoabl Ha ocHoBe GaAs

Utobbl HaNpaBUTb U3NYy4YeHne B BONTHOBO[,
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MapameTpbl CTPYKTYpbI:
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AnameTp otBepcTuit: 240 HM;
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