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Annomauusn

IIpencraBneH psiq HaNpaBICHWH HCCIIEOBAHHWNA B 00JacTH HAHOTEXHOJOTHH. PaccMoTpeHo
pemeHre 00paTHOH 3amaun peIEKTOMETPHH, COCTOSIIEH B ONPEACICHNH MTapaMeTPOB MEPHOIU-
YECKUX MHUKPO- U HAHOCTPYKTYp IO M3MEPEHUSIM OTpakeHHOro moiisi. PaccMoTpeH pacuer au-
(hpaKIMOHHBIX CTPYKTYp Uit (pOPMHUPOBaHMS BBICOKOYACTOTHBIX HHTEP(PEPEHIIMOHHBIX KapTHH
MOBEPXHOCTHBIX 3JICKTPOMArHUTHBIX BOJIH. [IpHBECHBI Pe3ynbTaThl UCCIICIOBAHUS AU(PaKIIHOH-
HBIX PEUIETOK C PE30HAHCHBIMU MarHUTOONTHYECKUMHU CBONCTBaMHU.

Kniouegvie crosa: pednexkromerpus, mpsmas 3anada Judpakiun, odpaTHas 3amada audpax-
1Y, TU(paKIrOHHAas PElIeTKa, HOBEPXHOCTHBIE JIEKTPOMAarHUTHBIE BOJIHEI.

VYBakaeMble KOJJIETH, TeMa MOETO BBHICTYIICHHS
«Pacuer m mccnenoBanue IUGPAKIAOHHBIX MHKPO- H
HaHOCTPYKTYyp» (ciaiin 1). S mpencraBiro psig mccie-
JIOBaHUH, KOTOpPbIE, HA MOH B3IVIAJ, MOXHO OTHECTHU K
00JacTH HAHOTEXHOJIOTHA.

[TepBas yacTh JOKJIaga MOCBAIIEHA ONTHYECKOU pe-
¢extromerpun (cnaiin 2). Pednexromerpus - meron
ONTUYECKOM METPOJIOTMH, OCHOBaHHBIM Ha ompenese-
HUU TCOMETPUUYCCKUX U (1)1/13I/II-IGCKI/IX napamMeTpoB HC-
cleqyeMod MHKPO- WIM HAHOCTPYKTYpbl (B JaHHOM
cirydae aupakoOHHON PEHIeTKH) 0 W3MEPEHUI0 WH-
TEHCHBHOCTH OTPa)KEHHOTO MOJIs. BO3MOXHOCTE H3Me-
PEHHS ¥ KOHTPOIIA TTapaMeTpOB HAaHOPAa3MEPHBIX CTPYK-
Typ TO3BOJIIET OTHECTH JaHHBIH METOA K HAaHOMETPO-
norun. [IpUHINATT W3MEPEHHS COCTOUT B CICAYIOIICM.
Uccrnenyemas ctpykrypa (audpakimoHHAs peIIeTKa)
OCBEIAETCs KOJUIMMHMPOBAHHBIM Iy4KOM. JHTEHCHB-
HOCTh OTPAKEHHOTO OT CTPYKTYpBI Iy4Ka (MHTEHCHUB-
HOCTh HYJIEBOTO OTPAXEHHOIO TMOpSIKa TUPPAKIINH)
HU3MEPSACTCA B 3aBUCUMOCTH OT JJIMHBI BOJIHBI UJIA YTJia
NajieHus aIalolero u3Iy4eHus. [ eomeTpudeckne ma-
paMeTpbl U XapaKTepUCTUKU MaTepuaia HcCIeayeMoit
CTPYKTYPBI TECHO CBSI3aHBI C WHTCHCHBHOCTBIO OTpa-
JKCHHOTO Iy4YKa U MOTYT OBITH BOCCTAHOBIICHBI IO W3-
MEPEHUSIM WHTEHCHUBHOCTH OTpPa)KCHHOTO ITy4Ka. Tod-
HOCTh M3MEPCHUH C WCIIOJBb30BaHHEM MeToja pediiek-
TOMETPHU MOXKET OBITh HAHOMETp H BBIIIE, YTO B COTHHU
pa3 MEHbIIIE UCIOIB3YyEMBIX JJIsI H3MEPEHHUN IJTHH BOJIH.
O6opynoBanueM pedIEKTOMETPUU SABISIOTCS AJUTUTICO-
METpBI.

Habop wu3mepeHHBIX WHTeHCHBHOCTeH (0-ro oTpa-
KCHHOTO TOpsnKa MUGPaKIWU MPH Pa3IMIHBIX Mapa-
MeTpax MaJarollero ny4yka Ha3plBaloT curHatypoi. Ilo-
cje BBIMOJIHEHUS W3MEPEHU, OIpeleieHne MnapameT-
pOB JAU(PAKIMOHHON PEHMICTKH CBOIUTCS K PEIICHUIO
00paTHOW 3aJa4yM, COCTOSIICH B BOCCTAHOBIICHHH T€O-
METPUUECKUX MapaMeTpOB CTPYKTYPHI MO U3MEPEHHOU
curHatype. CyOBOJHOBBIC pa3Mepbl HCCICIyeMOit
CTPYKTYpBI TPEOYIOT PEIICHUs OOpaTHOM 3a1a4u B paM-
Kax DSJEKTPOMAarHUTHOW Teopuu. HeoOXomaumeM WH-
CTPYMEHTOM JIJIsl pelIeHust 0OpaTHOW 3aa4yM SBISIOTCS
METOIBI pelIeHUs MPSIMOH 3a1a4un (P PaKIIH CBETOBOM
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BOJIHBI Ha TU(QPaAKIIMOHHON pelIeTKe ¢ U3BECTHBIMH I1a-
pameTpaMu.

Hammn paspaborano mnporpaMMHoe obecreueHue
«Grating» [uist pelieHus YKa3aHHbIX MPSIMBIX U 00par-
HBIX 3a1a4 audpakuuu (craia 3). B wactHocTH, mpo-
rpaMMHOE O0ecriedeHHe BKIIIOYAeT pelleHue 3a1ad Ju-
(dpaknuy Ha ABYMEPHBIX M TPEXMEPHBIX AN(PPAKIHOH-
HBIX peIIeTKax, (POTOHHBIX KPUCTAIIAX U MHOTOCIIOH-
HBIX MOKPBITHAX. [I0 CKOpOCTH M TOYHOCTH CO31aHHOE
IpOrpaMMHOE 00ecHedeHHEe IPEBOCXOIUT H3BECTHYIO
KOMMepYecKyro mporpammy «Gsolver» amepukaHckoit
kommanuu Grating Solver Development Company.
IepBbIif BapuaHT IpOrpaMMHOT0 obecedeHust ObUT co-
3M1aH MHOI0 B paMmkax makera Matlab. CoBpemeHHas
Bepcus Ha si3pike C++ paspabareiBanacek C.I'. BoioTos-
ckuM W Hamumu acnupantamu WM. KamomunbiM 1
E.A. Kanomunoii. IlporpaMMHOoe obecriedeHHE MOMKET
ObITh smomosHeHO Tpaduueckum uHTepdeiicom. Cun-
Talo, YTO B 3TOM Cllydae INPOTrpaMMHOE oOecredeHue,
KaKk TPOAYKT Al MOJETMPOBaHMS IU(PpPaKIMOHHBIX
pEIIeTOK, CTaHET MPOAYKTOM KOMMEPUECKOT0 YPOBHS.

Bbu1 paspaboran psig METOIOB JUIsl pemieHust oopaT-
HOM 3amaum pedIIeKTOMETPHUH, COCTOAIIEH B BOCCTa-
HOBJIGHHH T€OMETPHUYECKHX MapaMeTPOB CTPYKTYPHI 10
n3MepeHHol curHatype (cmaiin 4). He BmaBasck B mo-
IpOOHOCTH METOIOB, MOSCHIO OOpaTHy[0 3ajady Ha
IpUMEpE TpanenenaaIbHON PEIIeTKH.

Beenem dyuxuuro ommbdku f(p) (cnaitn 5). OyHkuus
3aBUCUT OT MapaMeTpPOB PEIIeTKH (BEKTOp p) U Mpel-
CTaBJISIET PAa3HOCTb MEXAY U3MEPEHHON CUTHAaTYpOH U
CUTHATYpOH i1 mapameTpoB p. Bce npennoxeHHble
METOJBl COCTOSIT B MHUHHMH3AIMU JTOH (QyHKUIUH
omubOku. Bektop p, obecreuuBarONMii MHHUMYM, H
€CTb OIICHKa I1apaMeTpOB.

Jlns oneHKM pabodumx XapaKTEPHCTHK METOIOB HC-
MOJTB30BAIach CIEAYyONIas CXeMa YHCICHHOTO 3KCIie-
puMenTa. Kak npaBuiio, Auana3oHbl ONPEAEIIeMbIX Ma-
paMeTpoB M3BECTHBI 3apaHee (ONPEAENIIOTCST TEXHOIO-
THeH) M COCTABISIOT HECKOJIBKO JIECATKOB HAHOMETPOB.
B ykazaHHBIX [uana3oHax Cily4dailHO Te€HepUpyeTcs
Tpoiika MmapaMeTpoB U BBIYUCIACTCS CUTHATypa (BEKTOP
K03 puIHeHTOB OTpaxkeHus). B maHHOM mpumepe cur-
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HaTypa BBIYMCIUIACH Ui 18 MIMH BOJMH B JHMama3oHe
300+900 um npu yrne nageHus 71 rpagyc it BOJIHEI C
TM-nonspuzanueit. Ilo mnpemioXeHHBIM  MeToAaM
HaXOMSTCS OLIEHKH MapaMeTPOB, KOTOPbIE CPABHUBAIOT-
Csl ¢ MCXOAHBIMH NapaMmeTpamu. [lo pesymbTaTtaMm cpas-
HEHHS CTEHEPHPOBAHHBIX MapaMETPOB M IOIyYEHHBIX
OLICHOK OTIPENENACTCS] TOYHOCTh BBIUYMCIICHUS ITapaMeT-
poOB.

Ha nansbix rpaduxax (cnaiipg 6) npuBeneHbl pe-
3yJIbTaThl PabOTHl METOJIA, COCTOSILIErO B MPSIMOH OII-
TUMHU3aMd (QYHKIUM OIIMOKM IO METOAY TJIaBHBIX
oceii (principal axis method). Pe3ympTathl moka3aHsb
g 200 ucnelTaHUM, HOMEp MCHBITaHUA yKa3aH 0 OCH
Ox, a mo ocu Oy yka3aHa omuOKa OMpeaeICHUs mapa-
METPOB MO yKa3aHHOH Mertommke. OmmOka ompernese-
HHS TIapaMETPOB COCTABIISET THICSYHBIC JIOJIM HAaHOMET-
pa. I'maBHBIM HEZOCTAaTKOM METO/a MPSMOIl ONTUMH3a-
VX SIBJISIOTCS 3HAYUTENbHBIE BBIYMCINTENIbHBIEC 3aTpa-
THI, CBSI3aHHbIE C MHOTOKPATHBIM pEHICHHEM IPsIMOM
3ama4un ITUQpaKIuy IpU pacdere CUrHaTyp. JDTO orpa-
HAYUBaeT o0O0JacTh NPUMEHEHHS MeTojxa il 3anad
OILIGHKH TTapaMeTpOB B pealbHOM BpeMeHH. Bpems pe-
mIeHus: oOpaTHON 3aJadd MO0 JAHHOMY METOAY COCTaB-
nsieT 3-5 ceKyH[ Ha CTaHAapTHOM KOMITBIOTEpE.

Crnenmyromuii METOA OCHOBaH Ha HCIOJIB30BAHUU
HelipoHHO# cetu (chaigsl 7,8). i HelipoHHOW ceTH
OCHOBHAsl BBIUHCJIUTENIbHAs Harpy3ka HPUXOAMUTCS Ha
9Tan o0yueHHs ceTH. Bberumcienue BbIxona 00ydeHHOM
CEeTH MPOUCXOJUT OBICTPO, YTO JIEJIAeT €€ yI0OHBIM HH-
CTPYMEHTOM OLIEHKU TapaMETPOB B pEaIbHOM BPEMEHHU.
B pabore ncmonbp3oBanach CeTh THIIAa MHOTOCJIOWHBIH
nepcentpon. Ommbka omnpeeneHus mapaMeTpoB IO
JAaHHOMY METOJy COCTaBIISIET COTBIE JOJIM HAaHOMETpa
TIPY BPEMEHH PELICHUSI B COTHIE JOJIN CEKYHBI.

Crenyromuii METOJ OCHOBaH Ha IOCTPOSHHUH IIO-
JTMHOMMAIBHBIX allPOKCUMANUI A1 NHTCHCUBHOCTEH
HYJIEBOTO OTpPa)XeHHOTO mopsaka (cmahast 9, 10). Uc-
MOJb30BaHUE  MNOJMHOMMAIBHBIX  aNNpPOKCHUMAIH
MOXKHO paccMaTpUBaTh KaK BapHaHT TEOPUHM BO3MY-
menuit. Kax u 111 HeipoHHO ceTH, OCHOBHAsI BBIUHUC-
JUTENbHAs Harpys3ka MPHUXOAUTCS Ha MpeaBapUTEsb-
HBIH 3Tan MOCTPOEHUs mojJmHOMOB. OmunbkKa ompene-
JeHNSl MapaMeTpoB IO AAHHOMY METOJy TaKXe co-
CTaBIISICT COTHIC JOJIM HAHOMETPA IPU BPEMEHH pelle-
HUS B COTBIC JIOJN CEKYHJIBI.

Bropoe paccmaTpmBaeMoe HampaBlICHHE «C TpH-
CTaBKOM HaHO» OTHOCHTCS K ()OPMHUPOBAHHUIO HHTEp(e-
PCHIMOHHBIX KapTHH HOBEPXHOCTHBIX JICKTPOMAarHHUT-
HeIX BoJH (II9B), MiaM TMOBEPXHOCTHBIX IITa3MOHOB
(cnmaiig 11). Ilpenmonaraemasi o61acTb MpUMEHEHUS —
¢doronurorpadus. B atom ciydae nHrepdepeHnoHHas
KapTHHA PErHCTPUPYETCS B PE3UCTE U 3aTeM MOXKHO
IIPOU3BECTH COOTBETCTBYIOIIMM ONTHUYECKUH 3IJIEMEHT.
B HacTosmuii MOMEHT 3TO OYE€Hb MOMYJIAPHOE HaIpaB-
nenue. [lo3BonbTe HayaTh ¢ HEOONBIIOTO BBEICHUS.
I[I9B - 3T0 MoOma, KOTOpas MOXET PacHpOCTPAHATHCS
BJIOJIb TPAHUIBI Pa3fena MeXIy METaUIOM M JUDJIEK-
tpukoM. [I10B cymecTtByer Tonpko anst TM-noaspusa-
. Ha BepxuHem pucynke (cmaiin 11) mokazana us-

BecTHas cxema s reHepanuu I[19B. Ilpu onpenenen-
HOM yruie najgeHus: TM-BoHBbI, 60JIbIIEM YIJIa ITOJHOTO
BHYTPEHHETO OTPAaXCHUs, Ha HIKHEH I'paHUIlE MeTal-
muaecko mieHku ¢opmupyercs [19B. Ipu ucmonb3o-
BaHMM JBYX NaJalOUIMX BOJH MOXXHO C(OPMHPOBATH
nse [19B, pacmpocTpaHsomuecs B MPOTUBOIOIOKHBIX
HaNpaBICHUSIX, W TMOIYYHUTh HEMOCPEICTBEHHO IIOA
IUICHKOH nHTepdepeHnonHyo kaptuny [19B.

Hns Bo3Oyxnenust mapel [I19B Obwio mpeasoxeHo
HCIIONIb30BaTh MPOCTEHIIYI0 OWHAPHYIO IHAJIEKTpUYe-
CKyI0 nu(dpakunMoHHYI0 perieTky (ciain 12). B pesynb-
Tare WcCCleNOBaHMH OblIO ycTaHoBieHo, 4ro [IOB
MOYKHO BO30YXJaTh BBICIIUMH IU()PAKIMOHHBIMU MO-
psAAKaMH, T.e. IOpsIKaMu ¢ Homepamu —Mm, +m, m>1. B
9TOM Cilydae IOoJydaeTcs KauecTBEeHHas HMHTepdepeH-
LIMOHHAS KapTHHA, NEPHOI KOTOPOH B 2M pa3 MEHBIIE,
4eM TepHoi UCXOTHOH Au(pakiuoHHON pemeTku. Ta-
KM 00pa3oM, MOKHO HCIIOJIb30BaTh MPOCTYIO HU3KOYa-
CTOTHYIO OMHApHYIO pemeTKy Ais (popMUpPOBaHHS BbI-
COKOYacTOTHOW WHTep(depeHInOHHOW KapTuHbl [1D9B.
Ha pucynke (cnaiin 12) nmoka3aHa nHrepdepeHInoHHas
KapTuHa, Iepuoj KoTopoit B 10 pa3 MeHbIle, 4eM y Hc-
XOIHOM pemeTKH, T.e. paclpeaesieHie Mol 37ech Ipu-
BEICHO IO/l OJHUM NEPHOAOM. BakHBIM TEXHOJIOTHYE-
CKHM IapaMeTpoM SIBIISIETCSl TaK Ha3bIBaeMblil (akTop
yeunenus nons (field enhancement factor), xortopsrii
MIOKa3bIBACT YBEIMYCHUE WHTEHCHBHOCTH B NHKaX HH-
TeppepeHIN OTHOCUTEIFHO HHTEHCHUBHOCTH IaJal0-
el Boauel. B gaHHO# cxeMme OH oueHb BEICOKHH, 60-70
pa3. B mpemioxeHHO# cxeme AndIeKTpHdecKas pOHHU-
[[aEMOCTh MaTepualla PeUIeTKH JO0JDKHA OBITh OOJIbIIE,
YeM B ITOJUI0KKE. ITO OTPaHWYCHNE MOXKHO CHATH, €CITH
HCTIONIb30BaTh st Bo30yxaenus [1OB 3aryxaromue
TIOPSIIKH.

Ha cnenyromem cnaiine (cnarig 13) mokaszaH aHaio-
THYHBIH pe3ynbTaT, HO HHTEPEPEHIOHHAs KapTHHA
(dbopmupyeTcss 3aTyXamIUMA TUGPAKITUOHHBIMHU  TI0-
psnkamu ¢ Homepamu +5, -5. Ilepuon nHTepdepeHuy-
OHHOH KapTHHBI cocTaBisieT 154 HM, MHTEpEPEHIIMOH-
Hasl KapTHHA UMeeT BBICOKUI KOHTPAcCT, yCUIEHUE MOt
cocraBisieT Oonee 50 pa3. OTMETHM, YTO, XOTS MEPHUOJ
nHTEp()EPEHINOHHON KapTHHBI ITIOCTOSIHEH, LIMPHHY
CTYNEHbKH, (pOpMHUpYEMOil Ha TIEPHOJIE, MOXKHO MEHSThH
3a CYET U3MECHECHHMS BPEMEHH YKCIIO3UINH.

[To moeii omeHKe, MTOCTIKUMBIA TIepHUOI HWHTEpde-
PCHIMOHHOW KapTHUHBI B paMKaxX JaHHOTO IOAXOAa CO-
ctaBnsier 1/4-1/5 nnwabl BonHEL. B maHHOM ciydae me-
pHOI MEeHBIIIE JIHHEI BOJNHEL B 3,2 pa3a. HeoOxomumoe
paspeneHue (pa3mep pacTpa AUCKPETH3aLUU) I U3-
TOTOBJICHUSI MOJOOHBIX MEPHOANYECKHX CTPYKTYp Me-
ToJ0M (oTosUTOrpad COCTABISIET HE MEHEE YeTBep-
TH Tiepuoja MHTEep(EepEeHIIMOHHONW KapTHHBL. JTO TO03-
BOJISICT TOBOPUTH O BO3MOKHOCTH HCIOJIB30BAaHUS JaH-
HOTO TMOJXOAa Il JOCTWKCHHS HAHOPa3peIIeHUs C
pa3MepoM MopsisiKa JeCATON JUIMHBI BOJHBIL.

[peanoxeHHbIH MOAX0 MOXKET OBITh HCIOJIb30BaH
1 GopMupoBaHus OIBYMEpHBIX KaptuH [19B ¢ momo-
IO TPEXMEPHBIX AM(PPAKIUOHHBIX PEIIETOK (ciaia
14). B gyacTHOCTH, MOKHO HCIIOJIb30BaTh OMHAPHYIO pa-
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JIMaJbHYyI0 peleTky (OMHapHbIH JU(paKIMOHHBIN ak-
CHUKOH) JUts (DOPMHPOBAHMS KOJIBLEBLIX CTPYKTYp U Ou-
HApHYI0 TPEXMEPHYIO PpeIeTKy Uil (OPMHUPOBAHHSA
JIBYMEPHBIX NEPUOJUIECKUX CTPYKTYp. YKa3aHHas pa-
IWaibHAsL peIIeTKa Takke olOecrednBaeT (HOKYCHPOBKY
[19B B meHtpe mHTEphEpeHINOHHON KapTHHB. CUu-
Taro, 9To 3(PHEeKTHBHOCTh TAKOH «JIMH3BI» NPEBBIIIACT
3¢ (PEeKTHBHOCTh CYIICCTBYIOMINX aHAIOroB. B ob0mem
cllyyae BO3MOJYKHO HCIIOJIb30BaHHE JU(PPAKIIMOHHBIX
peLeToK ¢ KPUBOJIMHEHHBIMH 30HAMHU JUIsi OPMHUpOBa-
HUsI MHTeP(EPEHIIMOHHBIX KaPTUH C KPHBOJIMHEHHBIMH
TUHUSAMH. MccrnenoBaHusIMM 1O JAHHOMY HarpaBJIeHUIO
co MHOI1 3aHuMaroTcs acnupanT M.M. Kagomun u cty-
JeHThl 656-o0ii rpynmsl JI. beikoB u E. besyec.

TpeTbe HampaBieHHE HCCIEIOBAaHMH ITOCBSAIIEHO
HCCIIEOBAaHNIO AU(PAKIUOHHBIX PEIIETOK C PE30HaHC-
HBIMH cBoicTBaMu (ciain 15). Jns moctmxeHus pac-
CMaTpHUBaeMbIX PE30HAHCHBIX CBOMCTB HET HEOOXOMaH-
MOCTH HCHOJIb30BaHHUS PEIIETOK C CYIIECTBEHHO cyO-
BOJIHOBBIM HEPHOIOM, XOTS HX OTACNBHBIC 3JIEMEHTHI
MOTYT OBITh CYLIECTBEHHO HAaHOpa3MEpPHBIMU. B cBsi3u ¢
9THM CYUTal0 0OOCHOBaHHBIM HCIOJIb30BAHUE MPUCTAB-
KU «HAHOY» B MPHUJIOKEHUH K JaHHBIM CTPYKTYpaM.

B nacrosiee Bpemst 00JbIIOe BHUMaHHE YAENISETCS
a¢dexTy dKCTpaoparHapHOro npomnyckanus (extraordi-
nary optical transmission), cocrosiieMy B pe30HAaHCHOM
YBEJIMUYEHUN MHTEHCHBHOCTH CBETa, MPOXOAAIIEro de-
pe3 andpakuuoHHyI0 penleTky. JaHHbM 3 dexTom 00-
nagaT IU(pakuMOHHbIE PEIIETKH, U3TOTOBJICHHBIE M3
MaTEepHUAJIOB C BBICOKOW MPOBOIUMOCTBIO (cepedpo, 30-
70TO0). MBI 3aHMMaeMcs HCCIIeIOBaHEM MarHUTOOITH-
YECKUX CBOMCTB IBYXCIOHHBIX CTPYKTYP, COJCPIKAIINX
OmHApHYIO IU(PAKIIMOHHYIO PEmeTKY ¢ 3P HEKTOM dKC-
TPaOPAWHAPHOTO TPOIYCKAHUSI M PaBHOMEPHO Hamar-
HUYCHHBIN ciol. HamarawdenHsil cioif cam mo cebe
o0nafaeT CBOMCTBOM BpamaTh IIOCKOCTH IOJISIPH3a-
mun. JTo sBiIeHUe HasbiBaerca d¢p¢exrom Dapaznes B
npomenmem mydke u 3dpexrom Keppa — B oTpaxen-
HOM IIyuke. MOTMBOM [UIsl HMCCIECNOBAaHUN YKAa3aHHOU
JIBYXCJIOMHOW CTPYKTYpbl ObuIO ciexyromee. udpax-
LOHHBIE PELIETKH TPAIUIMOHHO HCIIOJIB3YIOTCS ISt
BO30YK/IEHHST MOJ B IJIOCKOINApaUIeIbHOM BOJIHOBOJIE.
BonHOBOHOE pacnpocTpaHeHNE H3JIyYeHUsS] B MarHWT-
HOM CJIO€ MOXKET TPUBECTH K ycmiieHHIo 3 dexro Da-
panest u Keppa 3a cuer yBenuueHuns mytu. Takum oOpa-
30M, YKa3aHHas JBYXCIJIOWHas CTPYKTypa MOXeT oOa-
JIaTh KaK CBOMCTBOM PE30HAHCHOTO IPOIMYCKaHMs, TaK 1
3G PEKTOM PE30HAHCHOTO BPAIIECHHS IUIOCKOCTH IIOJIS-
pu3anum.

OTO mpenanoiokKeHne oKazanoch BepHbIM. Ha pu-
cyHKe (cmaiin 15) mokas3aHbBI CIIEKTPHI NMPOITYCKAHUS H
yria @apanes 1j1s ABYXCIONWHON CTPYKTYpPBI CO CIEAy-
I0IIUMH TlapaMeTpamu. Ha pHrcyHKe YeTKO BHICH MUK
NPOIMYCKaHUsS M COBMNAJAIOIINI C HUM pPE30HaHC yrja
MIOBOPOTa IUIOCKOCTH ToJisipu3anuy. B nanHom ciryuae
MOBOPOT IUIOCKOCTH TIOJISIPU3ALMHU TIOYTH Ha HOPSIOK
GoJibllIe, YEM y OJIHOPOJHOTO MarHUTHOT'O CJIOS C TAKOH
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K€ TONMIMHOW. DTOT pe3ynbTarT OblI OIyONNMKOBaH B
Physical Review Letters ¢ MOCKOBCKMMH KOJUIETaMH
B.U. benorenoreim (MI'Y) u A.K. 3Be3nunsm (MuCTH-
TyT 0oOmmeit ¢pusuku PAH).

AHanoruaselit 3¢ HeKT nMeeT MecTo u I AByMep-
HBIX JIBYXCIOWHBIX CTPYKTYp (cnaiim 16). Mcmonb3oBa-
HHUE JBYMEPHOU TPEXCIOWHOW CTPYKTYpbhl MO3BOJISIET
YBEJIMYUTh YTOJN IOBOPOTa IUIOCKOCTH MOJSIPU3ALUU
nouty B 20 pa3 npu 3HAUUTEIHHOM NPOITyCKaHUU Ooiiee
40% (cnaiin 17).

B mpenpiaymunx npumepax BEKTOp HaMarHHYEHHO-
CTH cnosi OBLT MEPNeHIUKYISIPEH MarHUTHOMY CJIOFO
(Tak Has3bIBaeMasi MoJsApHas reomerpus). beuia Takke
HCCIIeIOBaHA JBYXCIIOWHAs CTPYKTypa, y KOTOpOil Bek-
TOp HAMAarHUYEHHOCTH CIIOS JISKUT B IUIOCKOCTH CIIOS
(cmaiin 18). {1t Tako# CTPYKTYpHI OBLT OOHAPYXEH HO-
BBIf «MHTEHCHBHOCTHBIN» 3¢ ¢exT. Ha pucynke moxa-
3aHBl CHEKTPHI MPOITYCKAHHS JBYXCIOHHON CTPYKTYpBI
C HEMarHUTHBIM CJIOE€M (CHHSIS JIMHUS) U MarHUTHBIM
cnoeM (KpacHas JIMHMS). PHCYHOK NOKa3bIBaeT pe3o-
HAHCHOE M3MEHeHHe KO3()(UIMEeHTa MPOIyCKaHUs st
MarHUTHOM CTPYKTypbl. Mcrosib30BaHHE BHEIHETO
MarHUTHOTO TIOJIS JJIsl HAMarHMYMBaHUs ¥ pa3MarHu4u-
BaHUS HIDKHETO CJIOS TI03BOJISET NMPEJIoKUTh TpaHCIa-
PaHT ¢ ymnpaBiisieMbIM TpornyckanueM. JlaHubiid 3¢ et
HaxoAuTcsA B cTaguu oObsicHeHus. Co MHOM HaI 3TOH
mpobiemoit paboraroT cTyneHTsl JMutpuii BeKOB U
EBrenuit besyc. MBI cBs3bpIBacM IaHHBIH S(QQEKT C
aHomanusimMu Panes-Byna.

B mocnenneil 4acTu BBICTYIJICHUS S XOTEN OBI I10-
BTOPHTH PSAJ] CTAphIX PE3YJIBTaTOB, KACAIOIIUXCS pacye-
Ta ¥ UCCIENOBAHMA TU(PPAKINOHHBIX ONTHYECKUX dJIe-
meHToB (JI0D) B paMkax dIEKTPOMArHUTHOW TEOpUU
(cmaiimer 19-23). Pa3zpaGoTaHHBIE HAMH aNTOpUTMHYE-
CKHE U TPOTpaMMHBIE CPEICTBA MO3BOJISIOT PACCUUTHI-
BaTh JINH3BI U APYTUE ONTHYECKHUE 3JIEMEHTHI B PaMKax
3JIEKTPOMAarHUTHOM Teopuu. B wacTHOCTH, Ha JaHHOM
cnaiine (cnmaify 21) mpuBeneHB HOBBIE PE3yJbTaTHI IO
pacdery (okycaTopa B KOJIBIO C PaAHycoM B 5 JUIMH
BOJIH M JMH3BI ¢ § TpagauusiMu penbeda. Co3paHHOE
nporpamMmmHoe obecrieuenune «Grating» st pereHust
3a71a4 Iudpakuuy aJanTHPOBAHO K KIIACTEPHBIM BbI-
YHUCIEHUAM. DTO TIO3BOJSIET MOJIEIMPOBATH TpexXMmep-
uere 103 ¢ pasmepom ameptypsl B 20-25 IHH BOJH.
ITpu sTOM penienue 3amaun TUPPaKIUN 3aHUMAET OKO-
JIO cyTOoK. B 1BymMepHOM ciydyae OrpaHMYEHUN HET,
aneptypa JJOD MOXET COCTaBIATH COTHH W THICTIN
JUTUH BOJIH.

bnazooapunocmu

PaGora BemonHena npu noanepxkke «PoHma coneii-
CTBUSI OTEYECTBEHHOW Hayke», rpaHToB PODU Ne 07-
07-97601-p_odwu, 07-01-96602-p moBomxse a, 07-07-
91580-ACII_a, 08-07-99005-p odwu, rpanra [Ipe3unen-
ta P® Ne HIII-3086.2008.9.
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Cnatio 1

OPTICAL SCATTEROMETRY

The solution
of scatterometry
problems is based
on solving the direct
and inverse problem
of diffraction using
Optical the rigorous
system electromagnetic

=R Detector THERY
Array y

Light Source

Optical
system

Patterned Si wafer

The direct problem involves the calculation of the light field diffracted by a
diffraction grating.

The inverse problem deals with reconstructing of the diffraction grating
profile from the measured diffracted field.

Solving the direct problem serves as a necessary instrument for solving
the inverse problem.

Cnatio 2
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Performances of Grating software

(in comparison with commercial software Gsolver of Grating Solver Development
Company, USA, www.gsolver.com)

ec.

=0~ GSolver
=&~ SCAT

e®

.1. Comparison between the calculation Fig.2. Comparison between the calculation

times of the C++-version of the application times of the C++-version of the application

and the GSolver application when andthe GSolver application when

calculating the signatures for the trapezoid calculating the signatures of a 3D

140

grating for TM-polarization trapezoid grating

Cnaiio 3

Solving inverse problem
of scatterometry

Used approaches

Approach 1. Direct optimization with use of principal axis method
(for binary and trapezium grating)

Approach 2. Neural network approach (for trapezium grating)

Approach 3. Original approach based on polynomial representation
of ztero)order intensities (for binary, trapezium and transistor-type
grating

Degree of product availability
Approach 1 - High, C++ software
Approach 2 - Low, Matlab software
Approach 3 - High, C++ software

Cratio 4
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Optimization approach
for trapezium grating

Optimization criterion:

f(p)= H\(p) —§||— min,
where p is the vector of grating parameters to be found, S(p) S are calculated
and measured signatures

Parameters of grating:
h € [310; 340] nm, p € [86; 106] nm
(d=140 nm), a € [1; 5]°.

Materials: glass grating on glass
substrate (n = 1.5).
Parameters of signature:
A € [300; 700] nm,
number of wavelengths NV =18,
angle of incidence 6 =71°,
polarization - TM.

Trapezium grating profile, parameters
to define are p = (A, p, a).

Cnaiio 5

Results of optimization approach
for trapezium grating

Error of determination Error of determination
of grating height h (in nanometers) of grating base p (in nanometers)

Error of determination of sidewall angle (in degrees)

Cnatio 6
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Neural network approach
for trapezium grating

Parameters of trapezium grating:
h € [310; 340] nm, p € [86; 106] nm
(d=140nm), x € [1; 5]°.

Materials: glass grating on glass
substrate (7 = 1.5).

Parameters of signature:

A € [300; 700] nm,
number of wavelengths N = 18,
angle of incidence 6 = 71°,
polarization - TM.

Configuration of neural network

Cnaiio 7

Results of neural network approach
for trapezium grating

Error of determination Error of determination
of grating height % (in nanometers) of grating base p (in nanometers)

Error of determination of sidewall angle (in degrees)

Craiio 8
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Method of polynomial approximation

The method is based on construction of polynomial approximation
for each point of signature

S (p.v,, = Zu [ v, )P+ Zug ( v, ] TR e L= ey B
i iy
where p is the vector of optimization parameters, v,, is the vector of parameters
of incident wave for signature point.

The second step includes solution of optimization problem
/@ =8 (p)-8 > min
within constructed polynomial model of signature S(p) .
Parameters of trapezium grating:
h € [68;92] nm, p € [53; 77] nm (d=100 nm), o € [2; 8]°.
Refractive indices: » = 1.6 for grating material, » = 2 for substrate.

Parameters of signature: A € [180; 900] nm, )
number of wavelengths NV = 13, angle of incidence O = 45°, polarization — TE.

Crnaiio 9

Results of polynomial approximation
approach for trapezium grating

Height error

Error of determination Error of determination
of grating height / (in nanometers) of grating base p (in nanometers)

Error of determination of sidewall angle (in degrees)

Cratio 10
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SURFACE PLASMONS INTERFERENCE
NANOLITHOGRAPHY (SPIN)

Kretschmann’s scheme of the surface plasmon excitation and equivalent model

Excitation of two surface plasmons and generated interference pattern

Crnaiio 11

GRATING BASED SPIN TECHNIQUE

A B2 2
AIEFIE,

60} &

Binary grating with a gold film; A=0.63um,
d=1.94um, h=1.93um, w=1.23um; &,=4, £,=2.25.
The distribution
underneath the metal film on one
grating period.
Period of the corresponding
interference pattern is 194nm.

Nanoscale photolithography by means of surface plasmon interference // J. Opt. A: Pure Appl.
Opt. 9, 2007

Cnatio 12
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GRATING BASED SPIN TECHNIQUE 2

X, nm
0 i i i i i i i =
Binary grating with a silver film: A=0.55um, 200400 600 800 1000 12001400 1600
d=1.54um, h=0.44pm, w=0.77pm, £,=€,=2.56.

The distribution A
underneath the metal film on one
grating period.

Period of the corresponding
interference pattern is 154nm.

Cnauio 13

GENERATION OF 2D INTERFERENCE
PATTERNS OF SURFACE PLASMONS

Radial binary grating (d=1.94um) with a gold film and
Interference pattern generated underneath the metal film
(d=1.94um) ;

3D binary grating
(d=1.94um) with a gold film
and Interference pattern
generated underneath the
metal film within one period.

Cratio 14
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MAGNETOOPTICAL PROPERTIES
OF 2D METAL-DIELECTRIC GRATING
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Transmittance
Faraday rotation (deg.)

080 095 100 105
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Problem geometry. Light wave is normally incident onto metal-dielectric bilayer. Metallic
plate is a square lattice diffraction grating of period d. Dielectric layer is magnetized
perpendicular to the film plane.

Optical transmittance (solid line) and the Faraday rotation (dashed line) spectra

of Au grating and uniform Bi:YIG film (d=750 nm, r=393.5 nm, hg= 68.1nm, h=117.6 nm).
The Faraday rotation of the single magnetic film in optically matched surrounding medium

is 0.09 deg. Components of Bi:YIG dielectric-tensor are £€=5.5, g=0.01-0.0015i.

1. Extraordinary magneto-optical effects and transmission through metal-dielectric plasmonic
systems, Physical Review Letters, 98, 077401 (2007).

2. Magnetooptical Properties of Perforated Metallic films, Jour. of Magnetism and Magnetic
Materials, 310(2), part 3, (2007)

Crnaiio 15

MAGNETOOPTICAL PROPERTIES
OF 1D METAL-DIELECTRIC GRATING
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Optical transmittance (solid line) and the Faraday rotation (dashed line) spectra of the
p-polarised light normally incident onto the bilayer system of pierced with parallel slits Au film
(thickness is 75 nm) and uniform Bi:YIG film (thickness h=537 nm, d=750 nm, r=75 nm.

The Faraday rotation of the single magnetic layer of thickness 537 nm placed in optically
matched surrounding medium is 0.47 deg.

1. Magnetooptical effects in the metal-dielectric gratings // Optics communications, 278, 2007
2. Magnetooptical Effects in Metal-Dielectric Plasmonic Systems // Bulletin of the Russian
Academy of Sciences: Physics, 2007, 71, Allerton Press, Inc., 2007.
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MAGNETOOPTICAL PROPERTIES
OF 1D METAL-DIELECTRIC GRATING

[=]

Transmittance

Faraday Angle (deg.)

750 800 850
Wavelength, nm

Optical transmittance (blue line) and the Faraday rotation (greenline) spectra of the
p-polarised light normally incident onto the 3-layer system of two pierced with parallel slits
Au film (thickness is 194 nm) and uniform Bi:YIG film (thickness nm, d=832 nm, r=362 nm.
h=832)

The Faraday rotation of the single magnetic layer of thickness 832 nm placed in optically
matched surrounding medium is 0.73 deg.

Pe3oHaHcHble MarHUToonTUYecke apdeKTbl B ANdPaLMOHHbLIX peLLETKax ¢ HaMmarHu4yeHHbIM
cnoem // KomnbtoTepHas ontuka, 2007, 31

Cnaiio 17

INTENSIVITY MAGNETOOPTICAL PROPERTIES
OF 1D METAL-DIELECTRIC GRATING

Transmittance

1005 1010 1015 1020 1025

Wavelength, nm

Optical transmittance spectra of the p-polarised light normally incident onto the bilayer
system of pierced with parallel slits Au film (thickness is 302.31 nm) and uniform Bi:YIG
(red line) vs. equivalent non-magnetized (blue line) film

(thickness h=882.78 nm, d=885.52 nm, r/d=10%).

Crartio 18
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DESIGN AND MODELING OF DOES
USING THE RIGOROUS ELECTROMAGNETIC THEORY

Binary lens parameters
(focus, zone radii and groove height):

Geometry of the task and types of intensity
distributions (in XOZ plane and in focal plane)

Publications:

1. Applied Optics, 2005, vol. 44, Ne 24, pp.5127-5130
2. Computer Optics, 2003, issue 23, pp.21-23.

3. Computer Optics, 2003, issue 23, pp. 49-53.

Crnaiio 19

DESIGN AND MODELING OF DOES
USING THE ELECTROMAGNETIC THEORY

Design and modeling of binary lenses

Intensity distributions the binary lens generates in the focal plane and XOZ-plane.
Lens radii and foci: (a) R<f, R=3,54A, =2A; (b) R=~=5A;
(c) R>f, R=5,6A, 7, A=0,55mm, n=1,5.

Publications:

1. Applied Optics, 2005, vol. 44, Ne 24, pp.5127-5130
2. Computer Optics, 2003, issue 23, pp.21-23.

3. Computer Optics, 2003, issue 23, pp. 49-53.

Cnatio 20
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DESIGN AND MODELING OF DOES
USING THE ELECTROMAGNETIC THEORY

Upper left: Intensity distributions generated by

8-level lens (R=54, f=101)

Bottom left: Intensity distributions generated by

binary lens (R=5X, =101)

Upper right: Intensity distributions generated by
focusator into a ring (R=5A, =101, R =3A\)

Cnauio 21

DESIGN OF SUBWAVELENGTH
ANTIREFLECTION STRUCTURES

P
4'0‘.",'

R KN
o
i 4

i

h{pum)

Reflection R as a function of relief parameters h and r for subwavelength
ZnSe gratings at d=0.85), A=10.6um, e=5.76 (a)
and for tungsten gratings at d=0.854, A=0.55um, €=4.8+19.11i (b)

Crartio 22
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DESIGN OF DOEs
AND MULTIORDER DIFFRACTION GRATINGS
USING RIGOROUS THEORY (1D INVERSE TASK)

binary
relief

1. Binary subwavelength-microrelief lens with focus (x;, y;)=(0,-1301) at d=301, 6=10°
£=2.25;
2. Intensity distributions in focal plane produced by binary lens and by ideal spherical wave.

Crnaiio 23

DESIGN AND ANALYSIS OF DIFFRACTIVE MICRO- AND NANO-STRUCTURES
Shorthand record of the presentation at seminar.

L.L. Doskolovich®-2
‘Image Processing Systems of the RAS, Samara, Russia,
25.P. Korolyov Samara State Aerospace University, Samara, Russia

Abstract

A number of research directions in the field of nanotechnologies are presented. The solution of the
inverse problem of reflectrometry aimed at finding parameters of the periodic micro- and nano-
structures from the measurements of the backscattered field is considered. Design of diffractive
structures to produce high-frequency interference patterns of surface plasmons is presented. Re-
sults of the analysis of diffraction gratings with resonant magneto-optical properties are discussed.
Key words: reflectometry, direct problem of diffraction, inverse problem of diffraction, diffraction
grating, surface plasmons.

Citation: Doskolovich LL. Design and analysis of diffractive micro- and nano-structures (Short-
hand record of the presentation at seminar). Computer Optics 2008; 32(2): 136-50.
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