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MeronoM mpsMOii JIa3epHOi 3amuch (EMTOCEKYHIHBIMH HMMITYJIbCAMH BHYTPU IUIACTUHBI IUIABJIICHOTO KBapla
copMUpoOBaH TPeXMEpPHBII MHKPOONITHYECKUI JIEMEHT, paboTalomuii KaK 4eTBEpTbBOIHOBAs (pa3oBast IUIACTUHKA
Ha JUMHE BOJHE 633 nm. ITokasaHo, 9TO MHAYIMpOBaHHOE ABYJTydenpenomterne (An = 3 - 10~%) oSycmosieHo
(OpMHPOBaHHEM aHHU30TPOIHOI MONU(MHKAIMK, CONPOBOMIAIOMICHCS TI'eHEepaluueil KUCIOPOAHO-ICUIUTHBIX U
HEMOCTHKOBBIX KHCJIOPOIHO-IBIPOYHBIX Jle(eKTHbIX LeHTpoB. CrekTpockonus (OTOTOMUHECHEHIIME M KOMOU-
HAIIMOHHOTO PAacCesiHUsl CBETa IMOATBEPIMIA PAaBHOMEPHOE paclpenesicHue ACGEKTOB NO MOIU(pHIMPOBAHHON
00JIaCTH W JIOKQJIBHYIO TEPeCTpPoiiKy amop¢Hoit Marpuisl SiO,. YcraHOBJIeHO BbICOKOE mporryckanmne (60—80%)
B muanasoHe 600—1100nm u Bbicokue morepu B Y® U BUAMMOM [Axana3oHax, OOYyCJIOBJICHHbIE paccesHHEeM
cseta. [lokasaHo, 9To MosI0XKEeHNE 001aCTH MaKCHMaJIbBHONH MOIU(MHUKAIMI CMEIIEHO OTHOCHTEJIBHO FeOMETPUIECKON
(hoKaIbHOM MJIOCKOCTH BCJIE/ICTBUE HEJIMHEHHOTO 3ddexTa caMopOKyCHPOBKH, YTO MOATBEPKACHO KOJIMIECTBEHHON
OLICHKOH IOJIOKEHUs HesmHeiHoro (okyca. ITosydeHHbIe pe3ysbTaThl JEMOHCTPUPYIOT BO3MOXKHOCTb CO3AHHUS
(YHKIMOHAIBHBIX MOJIIPU3ALMOHHBIX JIEMCHTOB B O0BEME IMAJICKTPUKOB C KOHTPOJMPYEMBIMH ONTHYCCKUMH U
CTPYKTYPHBIMH CBOHCTBaMIL

KrroueBble ciioBa: IIaBJICHBIA KBapIl, TPEXMEPHBIE MUKPOONITHIECKHE 3JIEMEHTH, (prIaMeHTaIms, yIbTPaKopoT-

K€ JIa3€PHBIC MMITYJIbCBI, BOJIHOBAaA IJIACTHUHKA.
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BBepeHune

CoBpeMeHHbIE TEXHOJIOTMH NPsMOH JIa3epHOH 3aIucH
(TTJ13) ybTPaKOPOTKMMH MMITYJIbCAMH TTO3BOJIIIIH TOCTHYb
OecrnpeneIeHTHOrO YPOBHSI KOHTPOJISL HaJl ()OPMHUPOBAHHEM
TPEXMEPHBIX ONTHYESCKUX CTPYKTYP B MPO3PAYHBIX IHIJICK-
Tpukax. bilaromapsi BBICOKOH IMKOBOM MOIIHOCTH (heMToce-
KYHIHBIX JIa3€PHBIX MMIIYJIbCOB DHEPIUS MOMKET OBbITh JIO-
KaJIu30BaHa B MaJIoM oObeMe MaTepHajia ¢ HaHOMETPOBOU
TOYHOCTBIO, TIPH 3TOM BPEeMsI BIIOKCHHSI SHEPT UK 3HAYUTEIIb-
HO KOpOY€ XapaKTepPHBIX BpeMEH TeIUioBod mnudpdysmn u
JIeKTPOH-(DOHOHHOM peslakcali. DTo 00ecrneuynBaeT MUHU-
MaJIbHOE TEIlJIOBOE MOBPEKACHHUE OKPY KAIOLIero MaTeprasa
U TIO3BOJIICT PEAN30BHIBATh BBICOKOKAUYECTBEHHYIO MOJIH-
¢$uKamIo JaKe B MaTepraiaX ¢ MIMPOKAM OKHOM Mpo3pay-
HOCTH, TAKUX KaK IUIaBJICHBIA KBapll, carndup, aamas, moJm-
MepHbIC TUAJIEKTPUKH U ap. [1-3]. MHorodoToHHast HOHM3a-
1151, MTHULMIpPYyeMasi MTHTEHCUBHBIM M3JIyYeHUEM B IIpefesiax
(oxaspHOrO 00BEMa, obecrieunBacT I(PGHEKTUBHYIO IEepena-
4y SHEPrHU B KPHUCTAJUTMYCCKYIO MM aMOP(HYIO pemieTKy
6e3 3HAUMTEJIBHBIX ONTUYECKHX NOTepb, 4To JenaeTr I1JI3
O0COOCHHO ITPUBJICKATEIbHOM TEXHOJIOTHEH I CO3laHus
AJIEMEHTOB (DOTOHHBIX HHTETPaJIbHBIX CXeM, ONTHYECKOU
NaMsITH ¥ PYHKIIMOHATBHBIX MUKPOCTPYKTYP, YIPaBJISIONIAX
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Pa3JIMYHBIMU CBOMCTBAMM CBETa: aMILIUTYIOH, (a3oii, moss-
pusaIyen U CeKTpaIbHBIM cOCTaBoM [4-6].

Ocoboe MecTo cpenu MPO3pavHbIX JUIJIEKTPUKOB 3aHUMA-
eT IUIaBJICHBIA KBAapLl — MaTepuall, COYCTAIOIHN BBICOKYIO
TEPMO- W PAJTUAIMOHHYIO CTOMKOCTh C HIMPOKHAM [IHAlla-
3oHOM mnpospausoctd (0.3—2.0um). Tlpu okycupoBke
(eMTOCEKYHITHBIX JIA3CPHBIX UMITYJIbCOB B €ro 0ObeMe Mo-
I'yT (OpMHUPOBATLCA Pa3IMYHbIEC TUIBI MUKPOMOAUGUKALIIIA:
M30TPOIHOE U3MEHeHue mokasaresist npesomiennst (Type 1),
IBY/Ty4YelpeIOMJISIOIIe CyOBOJTHOBBIE PEIISTKU M HAHOIIO-
pot (Type 1I/X), a takke mukpononoctu (Type IIT) [7-11].
dusnyeckrue MEXaHU3MBL, JIGKAIIUEe B OCHOBE (HopMupoBa-
HUA TAKUX HAHOCTPYKTYP, 10 CHX HOP OCTAIOTCS MPEIMETOM
aKTUBHBIX nccyienoBannil. Cpenu Hambosiee 0OCyKHaeMbIX
Mopiesiell — uHTepdepeHIs Nafaomero jJa3epHoro moss
¢ TUTa3MEHHOM BOJIHOM, JIOKaJbHOE YCHJICHHE 3JICKTpOMar-
HUTHOT'O TIOJIS, CaMO3aXBaT W3JIyYCHHs W HHTep(EepeHIHs
9KCUTOH-TIONISIPUTOHOB [12-17]. DT mporecchl HTPUBORAT
K CTPYKTYpHOH IepecTpoiike Marepuajia W 00pa3sOBaHHUIO
Ie(EeKTHBIX LEHTPOB, TAKUX KaK KUCJIOPONHO-IS(PUIINTHBIE
uentpel (ODC) U HEMOCTHKOBBIC KHCJIOPOIHO-TBIPOYHbIC
uertpsl (NBOHC), KoTopbie ONMpenessiioT KaK ONTHYECKHE,
TaK U CHEKTpajbHble CBOMCTBA MONU(UIMPOBAHHBIX 00JIa-
creit [18].
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YmnpasiieHue mapaMeTpamu J1a3epHOTO U3JTYICHHUST — UTH-
HOH BOJIHBI, [JIATEJIbHOCTBIO HMMITYJIbCA, HOJSpU3anueii n
SHEprueil — MO3BOJIAET TOHKO HACTpPamBaTb MOpP(OSIOrHo
HAHOCTPYKTYpBI, ONTHYECKYI0O AHWU3OTPOIMIO M IpO3pad-
HOCTh 3alMChIBAEMbIX 00JIacTeil MHKpOMOmU(pHKAIN. DTO
OTKPBIBACT BOBMOYKHOCTH IJISI CO3/IaHAS TPEXMEPHBIX MacCH-
BOB HaHOPEIIETOK C 3aJaHHBIMU (DYHKIMOHAJIbHBIMU Xapak-
TEPUCTHKAMH, BKJIIOYasi BOJTHOBbIE IJIACTUHKH, MOJIAPU3ALIH-
OHHBIC 3JIEMEHTHI, IBETHHIC MUKPOQHIBTPE U HEINHEHHO-
ONTHYECKHE MeTanoBepxHoctH [19-25].

B nHacrosimeit pabore meTomoM NpsMOH Ja3epHON 3a-
mich B o0beMe IUIaBJICHOTO KBapra CHOpPMHPOBAH KOM-
makTHeiit (3 x 3 x 0.5mm) onruyeckuit ssemeHT, pabo-
TalOIUII KaKk 4YeTBEPTbBOJIHOBasg (pa3oBasl IJIACTUHKA Ha
nmHe BosHBI 633 nm. JIBymydenpesiomsieHue, 00ycIoBJICH-
HOE HaBEJCHHOW ONTHUYCCKOW aHW30TPOIHCi, obecreunBacT
TpeOyemblil (pa30oBBIi HAOET MEKITY OPTOrOHAJIBHBIMH TIOJISI-
PHU3aLOHHBIMA KOMIIOHeHTaMu. IIpoBefeHO KoMmIjiekcHoe
UCCJICAOBAaHUE CIEKTPAJIbHBIX U IOJISIPU3ALMOHHBIX Xapak-
TepucTHK 3jieMeHTa B auamasone 200—1000nm, a Takxe
MIPOaHAIM3NPOBAHE! CIICKTPAJIbHBIC TIOTEPH B YiIbTpaduosie-
ToBOM (Y®) 1 BUIMMOM [HANa30He, CBSI3aHHbIC C PACCESTHA-
€M CBeTa Ha CTPYKTYpHBIX nedekTax. [lokasaHo, 9To B mpo-
recce JasepHON Moou(pUKanuM MPOHUCXOMUT IEPeCcTpoiKa
KPHCTaJJTNYECKON PEIIETKH KBapIa ¢ JIOKaJIbHBIM Pa3pbIBOM
Si—O—Si-cszeit u renepanmeit ODC- u NBOHC-negexTos.

3KCI16pI/IMEHTaJ1bHaﬂ YyacTb

dopMHpOBaHHE MHUKPOCTPYKTYPHUPOBAHHOTO ONTHYECKO-
ro 3JieMeHTa B O0bBEMe IUIABJICHOI'O KBaplia OCYIICCTB-
Jsanoce MetopoM IIJI3 ¢ ucnosnb3oBaHMeEM (EMTOCEKYHN-
HOI BOJIOKOHHOMH UTTEepOMEBOil J1a3epHOil crucTeMsl Satsuma
(Amplitude Systémes). JTazep reHeprpOBaT HMITYJIbCHI AJIH-
TespHOCThIO 300 fs mpy MakCHMasIbHOI SHEPruy B UMITYJIbCE
no 10 uJ u peryampyemoii 4acToTe CiIeoBaHMs B IUalla30He
1 Hz—500kHz. OG6pasusl mpencraBisuii coOoi IUTacTH-
HBl M3 CHHTETHYECKOro IuiaBsieHoro keapma (Suprasil 300,
Heraeus) Tonumuoi 2 mm.

JlazepHoe m3nmydeHue ¢oKycupoBajoch B 00beM o0pas-
Ina Ha rioybuny 730um C NOMOMIBIO MHUKPOOOBEKTHBA
(JIOMO) c uucnosoii ameprypoir NA = 0.1. PacuerHsrit
panuyc (oKaabHOro NsATHA (1O ypoBHIO 1/e? MHTEHCHB-
Hoct) coctaBmwil 3.3 + 0.4um. Ilepememenue o6pa3ua
OTHOCHTEJIbHO (DOKYCHPOBAHHOTO IIydYKa 3aIliCHIBAIOIICTO
(eMTOCeKyHIHOTO JIa3epHOI0 M3JIyUYEHHUS OCYIIECTBIISIIOCH
C TIOMOIIBIO NPELU3HOHHOIO IBYXKOOPAMHATHOI'O CTOJIU-
ka HIP4A (Prior Scientific). Mcnoms3yemsiii mo3uimo-
Hep oOecrieunBaeT TOYHOCTh IMO3UIMOHHPOBAHHUS HE XY-
ke +0.5um c BOCIPOU3BOIMMOCTBIO IIEpEeMELICHHs He
xyxe +0.2um. CxopocTh CKaHMPOBaHUS 3aaBajach Ipo-
rpamMHO U coctaisiza 500 um/s. CTabMIbHOCTh CKOPOCTH
B muamna3one ot 10 um/s 1o HECKOIBKAX mm/s HaXOMMIach B
npenesnax £1% ot 3agaHHOrO 3Ha4YeHUA. 3aluch CTPYKTYPHI
IPOU3BOAMJIACh B ONMH CJIOH NpH HEpruu uUmmysbca 2 ul,
qacrore ciuenosanus 500kHz. Crpykrypa mpencrasiisiia

coboit MaccuB 3 500 mapasUIebHBIX JIMHUH IMHONH 3 mm
¢ mepuonoM 6 um. Ilpn yka3aHHBIX TapaMeTpax CKaHMPOBa-
HUA U (POKYCHPOBKH B KaXKIYIO TOYKY (pOKyca MOINAfaIo B
cpemneM N = 1.3 - 10* ummysbeoB, a mepekphITHE COCETHUX
UMITYJIbCOB TIEePIICHANKYJIIPHO HAIIPABJICHUIO CKaHUPOBAHUS
(ocp Y) cocraiisio okosio 10%.

Onrtuyeckue CBOWCTBA 3alMCaHHOIO 3JIEMEHTa HccIie-
IOBAJIMCh C IIOMOIIBIO IIOJIIPU3ALMOHHOIO OINTHYECKOro
mukpockorna Zeiss Axioskop 40 (Carl Zeiss AG). Crek-
TpaJIbHblC XapaKTEPUCTUKH IPOIYCKAHUS W IOTJIONICHHUS
obpasna B auanazoHe 200—1100 nm peructpupoBauch Ha
nBoitHoM Monoxpomarope C®-2000 (OKB Crekrp). st
TPEXMEpHOI BU3yaM3alluil MOOMGUIMPOBAHHBIX 00sacTeit
W aHaJI3a JIIOMIHECHCHTHBIX CBOMCTB HCIIOJIb30BAJICS KOH-
(oKaJbHBIA JTa3epHBIi ckaHupyonmii Mukpockon Confotec
MR520 (Sol Instruments). BosOys:nenue JIIOMHHECHECHIMN
OCYILIECTBJISUIOCh Ha uymmHax BoiaH 405 u 532nm; cbop
cUrHajia npoBoausics yepe3 obOwvektuB Nikon ¢ umcio-
Boil amepTypoit NA = 0.3 n yBemrdeHnem 10*. Bermram-
Ha ONTHYECKOW Pa3HOCTH XONa, OOYCJIOBJICHHOH IBYJTyde-
MIPEJIOMJICHIEM 3aIMCaHHON MUKPOCTPYKTYPHI, U3MEpPsIach
C TMOMOMIBIO KoMIeHcaloHHoro mnosspuMmerpa LCC7201
(Thorlabs) npu 00JydeHHH SJIeMEHTA JIMHEHHO MOJISPU30-
BaHHBIM T'eJIMII-HEOHOBBIM J1azepoM (A = 633 nm). ITepuon
3aIIUCAHHON CTPYKTYPBl ONPENesIsUICS N0 TOJIOKCHHIO JTH-
(pPaKIMOHHBIX MaKCUMyMOB, BO3HHKAIONIUX IIPH IPOXOXK-
ICHUU HEIPEephIBHOTO M3JIyYEHUS OT INOJIYNPOBOJHUKOBOTO
nasepa (Cobolt 06-MLD, HUBNER Photonics; 1 = 660 nm,
momuocTh 100 mW) depes obpaserr. YrioBoe MoOJOKe-
HUE AU(PPAKIMOHHBIX MAKCUMyMOB PETrHCTPUPOBAIOCh C
nomoinplo CCD-kaMepsl M HCIOJb30BAJIOCh JISI pacyeTra
Ieproaa CTPYKTYpPhl HA OCHOBE YpaBHEHUS AU(PPAKLMOHHOM
pELIeTKH.

Peaynbratbl u o6cyxpaeHune

OnTuveckue cBoicTBa

Ha puc. 1,a mpencraBieHo onTmieckoe H300pa)KeHUE
MHKPOONTHYECKOTO 3JIEMEHTa, C(HOPMHUPOBAHHOTO B 00OBe-
Me TutaBJieHoro kBapra meronoM I1JI3. Makpockommdeckn
CTPYKTYypa BBIIJIAOUT OJHOPONHON U HE CONEPKUT BUAMMBIX
TPEelMH WIN pa3pylIeHUH; ONHAKO MO KpasMm Habsonaer-
csl HE3HA4YMTeJIbHAS BOJHUCTOCTb, OOYCJIOBJICHHAsl HAKOII-
JICHHO! TIOTPENIHOCTBIO HO3UIMOHMUPOBAHMS CKaHUPYIOIICH
cHCTeMBI B Tporiecce 3amucu. [1pn HabsroneHny B CKpemieH-
HBIX mossipusaropax (puc. 1,b) B MomuduImpoBaHHOH 06-
JIACTH TPOSABJIIETCS HEOTHOPOOHOE MBYJIy4YeNpESIOMJICHUE,
YTO CBHJICTEJICTBYET O HAJIMYMKM aHW3O0TPOIHON BHYTPEH-
Her crpykrypsl [lpu yBenmdenun (puc. 1,c¢,d) craHoBuTCS
OTYCTJIMBO BHWIHO, YTO OOJACTh MHKPOMOIM(HKAIN CO-
CTOUT U3 NapaJUIeJIbHBIX JIMHUI C MEPHOAOM OKOoJIo 6 um.
Bbicokopaspemiatoniasi Mukpockorusi (puc. 1,d) BbisiBisieT
HaJIM4Me MUKPOIIOJIOCTEH, pAaBHOMEPHO PaCHpeNesICHHBIX 10
Bcell 3amicaHHoi obsacTr. Takwe MoocTH BO3HUKAIOT MPH
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Puc. 1. 306pakeHust U CIIEKTPhI IIPOITYCKAHKs ONITHYECKOrO 3JIEMEHTA B 00beMe IUTaBieHoro keapra. (a) OObEKTHB ¢ yBenuueHneM 5%,
TOJICBETKA CHU3Y, 6€3 UCIIOJIb30BAHMS MOJISIPU3ATOPOB; (b) OOBEKTUB C YBEJMYECHHEM 5, MOJCBETKA CHU3Y, CKPELICHHBIC OJIAPU3ATOPEL,
(c) obbekTuB ¢ yBenmdeHrneM 40>, MOACBETKA CHU3Y, 0€3 MCIONB30BAHUS MOJAPU3ATOPOB, IybuHa 600 um; (d) OObEKTHB C YBEINYEHH-
eM 40, monceeTka cHU3Y, 0€3 HCIIOJIb30BaHMs TIOJIAPU3ATOPOB, TybuHa 550 ym; (¢) CHEeKTphl NPOIMYCKAHUs ONTHYECKOTO SJIEMEHTA 10

CPaBHEHUIO ¢ HEMOMU(HUIINPOBAHHBIM ILIABJICHBIM KBapPIEM.

BBICOKO IIJIOTHOCTH 3HEPIUH JIa3ePHOI'0 M3JIyUYEHUS U CBU-
AETEJIbCTBYIOT O JIOKAJbHOM MCIAPEHUU WJIM Pa3peKeHUun
MaTepuasia B (JOKaIbHOI 30HE.

1 KOJIMYIECTBEHHON OIICHKH IEePHOIUYHOCTH CTPYKTY-
PBI IPOBENICHO HCCJISAOBaHKUE €€ AU(PAKIMOHHBIX CBOICTB.
Yepes obpasen; NpomycKajd HENpepbBHOE Ja3epHOE W3-
aydenne (4 = 660nm, momuocts 100 mW, nuamerp myd-
Ka 2mm) ¥ perucTpupoBay JU(PPAKIMOHHYIO KAPTUHY Ha
9KpaHe. YTOJI OTKJIOHEHHUS! MepBOro MU(PaKIMOHHOTO MakK-
CHMYyMa OTHOCHTEJIbHO HOPMa/Id K IIOBEPXHOCTH I1O3BOJIII
paccuuTaTh MEpUo CTPYKTYpPHl 1o GopMmysie AudpakuuoH-
HOU pemteTkd d = ni/sin6. [lonydyeHHOE 3HAYEHHE IEpU-
ona cocraBwio T = 6.0 + 0.3 um, 4To cormacyercsi ¢ aua-
METPOM MATHA C()OKYCHPOBAHHOI'O JIA3€PHOIO H3JIy4EHHUS.
Opnnako qudpaknroHHast 3((GEKTUBHOCTD B TIEPBOM ITOPSIIKE
OKazajlach HU3Koi — MeHee 4%. OTo ykas3blBaeT Ha TO, YTO
chopMUpOBaHHasE CTPYKTYpa He MOXET OBIThb 3(h(EKTHBHO
UCIIO/Ib30BaHa B KauyecTBE KJIACCHMYECKOH MU(PaKIMOHHOM
peLIeTKy, YTo, BEPOSITHO, CBSI3AHO C YaCTUYHBIM IIOBPEXIe-
HHEeM 00J1acTH MUKPOMOIU(HKAIN U HAJIMYHEM MHKPOIIO-
JIoCTeH, HapyIIaoINX PEryJIpHOCTh (ha30BOro mpoduirs.
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HecMmoTpst Ha HajM4ye MHUKPOCTPYKTYPBHI, BBI3BIBAIOLICHT
JOTOTHATEIIBHOE PACCEsHUE, ONTUYCCKHI IJICMEHT JEMOH-
CTPUPYET IOCTATOYHO BBHICOKOE MPOIYCKAHHE B BUIHMOM
n ommxaeM MK nuanasonax: 60—80% B mHTEpBase MIMH
o 600—1100nm (puc. 1,e). IIpu yMEHbIICHAN [JIMHBL
BOJIHBI MeHbIe 600 nm HabmogaeTcsi pe3koe MajeHue mpo-
MYCKaHHsl, TOCTHTAIOIee MPAKTHICCKU HYJICBBIX 3HAUYCHHI
B ry6okoMm yibrpaduonere (200—300nm). Takoe mose-
ICHHE THUIWYHO IUIS IUIABJICHOTO KBaplla, ITOIBEPrIICrocs
MHTCHCUBHOMY (DEMTOCEKYHIHOMY JIa3epHOMY OOJTy4EHHIO,
U MOXET ObITh OOYCJIOBIIEHO 0Opa30BaHUEM KHCIIOPOTHBIX
nedekTHbIX eHTpoB — B nepByio odepenb ODC u NBOHC,
KOTOpBIC 00J1aIal0T MHTEHCHBHBIMA HOJIOCAMH IOTJIONICHHUS
B Y® obnactu [21]. JIelcTBUTEIIBHO, CIIEKTpP MOIVIOMIECHHS
kucioponao-nedumtHeX 1eHTpoB (ODC) umeer Hanbosee
MHTEHCHBHbBIC II0JIOCH B IJIyOOKOM YyibTpaduonere (Mak-
cumymbl 1pu ~ 160—180nm u cyabad mupokass IoJIO-
ca BOmm3m 240—250nm), a HEMOCTHKOBBIC KHCJIOPOIHO-
neipounbie neHTpsl (NBOHC) nposiBiisifoT XapakTepHYIo mo-
JIOCY TIOTJIOLIeHHs B BUIUMOI obuactu (~ 620 nm). Criextp
HPOIYCKaHAs MOIU(UINPOBAHHOTO KBapIa JEMOHCTPHPYET
MOHOTOHHOE YyMeEHbllIeHue Ipolyckanus npu A < 600nm
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Puc. 2. ®JI kucnoponnsix aedekroB ODC u NBOHC B muiaBiieHOM KBaplie IpH HaKa4dKe HEIPEPHIBHBIM JIA3¢PHBIM U3/ TyYCHUCM C JJIMHAMHI
BostH 405 (a) u 532nm (b). Ha BcTaBkax 0003HaYeHB! JIOMUHECLICHTHAsI KapTa pasMepoM 1 x 1 mm mis o6s1acTé MUKPOMOU(UKALIY B
4eTBEPTHBOHOBOM MIACTHHKE (@) ¥ CIEKTP KOMOHHAIMOHHOTO paccestHns B auarasone 0—1000cm ! (b).

(puc. 1,e), uto, BeposiTHEE BCEro, OOYCIIOBICHO PACCEsHU-
€M CBeTa Ha HEOTHOPONHOCTSX, Bo3HHWKaommx mpu [1J13.
[Noryiomenne Ha [UIMHAX BOJIH, COOTBETCTBYIOIIMX 3JICK-
TPOHHBIM HIEpPEXo/iaM B KUCJIOPOIHBIX Ie(PEKTHHIX IIEHTPaXx,
MO)XET BHOCHTb JOIOJHUTENBHBI BKJIAJ B OOLIME MOTEPU
BOmm3u mostoc ~ 250nm (ODC) u ~ 620nm (NBOHC).
OpHako CHeKTpalibHasi 3aBHCHMMOCTH INPOITYCKaHWs HE [e-
MOHCTPUPYET BBIPQ)KCHHBIX AHOMAJIMH, XapaKTepHBIX MJIs
CEJIEKTUBHOI'O MOIJIOMIEHUs] B yKaszaHHBIX mojiocax ODC
n NBOHC, 49T0 roBOpHUT O BTOPOCTEIEHHOM BKJIAJe IIO-
IJIOIIEHUS] [0 CPAaBHEHHUIO C PAcCcesHUeM B HCCIIENyeMOM
CIIEKTPAJIbHOM JHara3oHe.

Hamuuue BBICOKMX MOTepb B IPONYCKaHUM IPH
A < 600 nm orpaHWYMBaEeT MPUMEHUMOCTH JIEMEHTA B KO-
POTKOBOJIHOBOM [Hara3oHe. B To e BpeMsi M3BECTHO, YTO
TepMHUYECKUI OTKUT Ipu TemnepaTypax ~ 900°C crocobeH
YaCTHYHO BOCCTAHOBHUTbH CTPYKTYpPY KBaplia, CHIKas KOH-
LeHTpanuio 1edeKToB U, Kak CJIeCTBUE, YPOBEHb PAaCcCesiHUsA
n norsiomennsi. OMHAKO TaKOW OTKUT OTHOBPEMEHHO IpH-
BOJIUT K YMEHBIICHUIO BEJIMYMHBl MHIYLMPOBAHHOTO JIBY-
JIy4enpesIOMJICHUs], YTO KPUTHYHO /IS (YHKIIMOHAIBHOCTH
¢asoBeix 2emenToB [21]. B Hacrosimeit paboTe TepmMooOpa-
00TKa HEe MPUMEHSIACh, YTOOBl COXPAHUTh MAKCHUMAJIbHYIO
AQHU30TPOIUIO, HEOOXOMUMYIO [T PabOTHl HJIEMEHTa B Kaue-
CTBE YETBEPTHBOJIHOBOI TUIACTUHKU. TakuM obpasoM, chop-
MHpPOBaHHas CTPYKTypa IPeAcTaBisieT coOOil KOMIIPOMECC
MEXK/Ty ONTHYECKOI OMHOPOTHOCTHIO, 3 PEKTHBHOCTBIO IBY-
JIy4enpesIOMJICHUS] U CHEKTPajIbHBIMHU MOTEPSMH, 00YCJIOB-
JICHHBIMH paccesiHieM M JIa3ePHO-MHIYLIMPOBAHHBIMU Jie-
¢exramu. JlanpHelnass ONTUMHU3AIMUS [apaMeTPOB 3alUCh
(B 4aCTHOCTH, SHCPIHM HMITYJIbCA M CKOPOCTH CKaHHPO-
BaHUsI) MOXKET IIO3BOJIATh CHU3HUTH CTEIEHb DPa3pyIICHHs
Marepuaja U COOTBETCTBEHHO BEJIMUMHY paccesHHs CBeTa
Ha HEOJHOPOTHOCTSIX M MOBBICUTH Kak IPOIyCKaHUe, TaK U
(yHKIMOHAIBHYIO 3(()EKTHBHOCTD 3JIEMEHTA.

CneKTpaan bleé N3MepeHuna

Jy1 BEISIBJICHHUSA JIa3epHO-UHAYLUPOBAHHBIX CTPYKTYPHBIX
U neeKTHBIX M3MEHEHHI B IUTaBJICHOM KBaplle IPOBEICHBI
CIIEKTPOCKOINYECKUE UCCIICNOBaHU KOMOMHALIIOHHOTO pac-
cesinust cseta (KPC) u doromomunecuenimu (OJI) ¢ Bos-
OyKICHHEM HEIPEPhIBHBIM JIa3€PHBIM u3jIydeHneM (puc. 2).

[Ipu Hakauke Ha pymHe BosHBL 405 nm criektp PJI B Mo-
IuGUIMPOBAHHON 00JIaCTU XapaKTepU3yeTcsl BHIPaKEHHBIM
YBEJIMYEHUEM MHTEHCHBHOCTU B [BYX IIOJIOCaX C MaKCHMY-
Mamu npu 450 u 650 nm (puc. 2,a). DTH MOIOCH Tpaau-
[MOHHO AaCCOLMUPYIOTCSl ¢ PaidaliOHHBIMU NedeKTaMu B
KBapIie: KOPOTKOBOJIHOBasT KoMIoHeHTa (~ 450 nm) cBsizana
¢ ODC, a aymuHOBOJIHOBast (~ 650 nm) — ¢ NBOHC [20].
JIns ouenku npoctpancTBeHHoro pacnpeneiaeruss NBOHC-
nedeKkToB ObUla IOJTydYeHa JIIOMUHECLEHTHas KapTa pas-
MepoM | X Imm B pexume OBICTPOro KOH(OKaJIBHOI'O
CKaHMPOBAHUS M0 WHTCHCUBHOCTH 3MHCCHU Ha IJIMHE BOJI-
ol 650 nm. Kapra (BcraBka Ha puc. 2,a) IEeMOHCTPHPYET
BBICOKYIO OTHOPOIHOCTb CHUTHAJa, YTO CBHACTEIICTBYET
o paBHoMepHoM pacnpeneneHun NBOHC mno Bceil 3a-
IIMCaHHOM 00JIacTH, BKJIIOYAs I'PaHULBI MEXIY CBETJIBIMU
U TEeMHBIMH II0JIOCAMH, HAaOJIOHaeMbIMH B CKPEHICHHBIX
nossipusaropax (puc. 1,b). Tlpu Bo3OyKmeHNH Ha [UIHHE
BoHEL 532 nm momuHecteHimss NBOHC-ieaTpoB crano-
BUTCS JOMUHUPYIOIIEH U IpeBbllIaeT (OHOBBI CHUI'HAI OT
HeMOoIU(pUIIMPOBaHHOTO KBaplia Oojiee 4eM Ha JiBa MOpsaKa
(puc. 2,b). DTO MOATBEPXKAAET BBICOKYIO KOHIICHTPAIHMIO
IOaHHBIX JNe(EKTOB B OOJIyYCHHON 30HE W YKasblBaeT Ha
UX KJIIOYEBYIO POJb B ()OPMHUPOBAHIU ONTHYCCKUX CBOMCTB
CTPYKTYPBL

Aunammz crnektpoB KPC B mmamazome 0—1000cm™!
(BcraBka Ha puC. 2,b) TPOBOMMJICS IIOC/IC BBHIMUTAHHS
BKJIajia JIIOMUHECLIEHIIMA U HOPMUPOBKU Ha MHTEHCHUBHOCTD
¢oHoBOro curHaja. B crmekTpe ImUiaBjieHOro Ksapla Ha-
OJIIONAIOTCS  XapaKTepHbIC IMOJIOCH: MIMPOKasi R-Tojioca ¢
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Puc. 3. ITlceBnouBeToBasi KapTa, NOKa3bBAIOIIAs PACHPEIC/ICHIE BEJIMYMHBI (PA30BOrO C/BHra HpH MPOXOXKICHUU H3IIYYCHHUS C JUIMHOMN
BOJIHBL 633 nm Yepe3 4eTBepTHBOJHOBYIO IUIACTUHKY, 3allCAaHHYI0 B 00beMe ITJIaBJICHOTO KBapIia.

MakcuMyMoM okoi1o 440 cm™!, o6yciioBieHHas U3rMOHBIMU
konebanusmu cesizeit Si—O—Si, muku D1 (490cm™!) u D,
(605cm™1), cBsi3aHHBIE C CHMMETPHYHBIMH KOJIeOaHUAMU
Tpex- M YeThpexwieHHbX Kojerm SiOy4, a Takke mosoca
mpu ~ 805¢cm™!, cooTBeTCTByIOmAsi JOKATLHBIM edop-
MauusM (pacTshKeHHI0 U M3ruby) MocTHKOBBIX Si—O—Si-
cesizeit [26]. TTocuie a3epHOit MOIU(HUKAIIMN HHTCHCUBHOCTH
nonoc Dy, D> u 805cm™!, HopMupoBaHHBIE IO R-TIONTOCE,
IAEMOHCTPUPYIOT HE3HAYUTEJIbHOE, HO BOCIPOU3BOIIMOC
yBeJIMYeHUue. DTO YyKa3blBaeT Ha YacTHMYHOE HapylleHHe
CpeHero mopsiika B aMOpP(HOIN CeTH KBapla ¥ JIOKaJbHOE
n3MeHeHne reometpun SiO4-TeTpasnpos.

B coBoxynHocTH gannele cnekrpockonnu KPC u ®JI cBu-
IETEeJIbCTBYIOT O TOM, YTO OCHOBHBIC CTPYKTYPHBIC TpaHC-
(dopmanuy 1pu GeMTOCEKYHIHOH JIa3epHON 3aIiCH CBSI3aHbI
¢ pa3peIBOM MOCTHKOBBIX Si—O—Si-cBsi3eil 1 mocyienyonmm
obpa3oBanueM ToueyHblx AepexktoB — ODC u NBOHC.
NmenHo 11 nedeKThl ONpefessioT KaK CIIeKTpasIbHbIC IoTe-
pu B Y® obsacty, Tak U NPOsBJICHHUE ABY/Ty4elpeIOMICHUS
3a cyeT (OPMHUPOBAHMA AHU3OTPOIHOW HAHOCTPYKTYDHL
OTcyTCcTBHE 3HAYNTEIIPHBIX N3MEHEHHI B R-TI0J10CE TOBOPHT
0 COXpaHeHHM oOuiell aMOp(HON MaTpHLBI KBapLa, TOrna
KaK yCHJIeHHe D-TI0JI0C OTpaXKaeT JIOKaJIbHYIO IePEeCTPOUKY
KOJIBLICBOM CTPYKTYPHI CETH.

OByny4enpenomneHune

Jyis  KONMMYeCTBEHHOH OLEHKH (Da3oBOro CHBHIa, HH-
OYyLUPOBAaHHOIO JIa3epPHOU 3alliChio, NPOBENEHBl H3Mepe-
HUS ABY/Ty4eIIPeJIOMJICHUS C IIOMOLIBIO KOMIICHCALIOHHO-
ro nossipumerpa LCC7201 (Thorlabs). Msiydenue resuii-
HEOHOBOI'O Jia3epa ¢ JJIMHOHM BOIHHL A = 633 nm Hcnoss3o-
BaJIOCh B KayeCTBE 30HAMPYIOMEro. Pe3yspraTel n3MepeHuit
(puc. 3,a) HIEMOHCTPHPYIOT OIHOPOIHOE pacIpeesCHHe
(asoBoro cuBura Mo BCeW IUIOMATM MOTU(MHIMPOBAHHOM
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obmactu: A¢ = 90° + 10°. Taxkoe 3HaUYeHUE COOTBETCTBY-
€T YeTBEPTHBOJIHOBOW 3aJICPKKE MEXIY OPTOrOHAJIbHBI-
MH NOJIIPU3ALIOHHBIMI KOMIIOHEHTAaMH, YTO MOATBEPKIaeT
(YHKIMOHAIBHOCTh CPOPMUPOBAHHON CTPYKTYpPH B Kade-
ctBe (azoBoil mnactuHku. Habmomaemoe nBYsIydenpesioM-
JieHue 00YCJIOBJIEHO (OPMHPOBAHUEM AaHM30TPOITHOM MO-
IuUKaluK, KOTOpas, COIVIACHO COBPEMEHHBIM HCCIIeNO-
Barmsam [7-11,13,15,23], mpencrasisier coGoit CyGBOITHO-
BYIO peLIeTKYy M3 YepemylomMXCsl HAHONOJIOC C pa3iny-
HOM TUIOTHOCTBIO. OpHUEHTalus IOJIOC TEPIeHINKY/IspHA
HaITpaBJICHUIO MOJIAPHU3ALMH 3aIMCHIBAIOIETO JIA3EPHOrO U3-
ay4enus [13,15,23]. Taxas cTpykTypa obmnagaer 3¢pdexTus-
HOI ONTUYECKON aHW3OTPONHUEH: IOKa3aTesb MPesIOMIICHUS
BJIOJIb HAHOIIOJIOC, ITapasUIeSTbHBIX TOJISIPU3AIUH JIa3ePHOTO
U3JIyYeHHus B Ipoliecce 3allicH, OTVIMYaeTcd OT IoKa3aTesis
MIPEJIOMJICHHS B OPTOTOHAJIBHOM HAIpPAaBJICHUH, YTO MPUBO-
IWT K OBY/Iy4elpeoMJICHUIO, HaOJIIonaeMOMy B HacTOsIIeH
pabore. IlockosmbKy B HedekTax Takoro Tuma IOKas3aTesb
IIPEJIOMJICHHS BBIIE BIOJIb HAIIPABJICHUS HOJIAPU3ALUM, TO
B chopMupoBaHHON B 00beMe IUIABJICHOTO KBapla YeT-
BEpPTHBOJIHOBOW IUIacTHHKe (pHC. 3,a) oCb € GOJSBIIAM
MOKa3aTesIeM TpeioMyIeHUsT (MEUICHHAs OCh) COBIAHAeT C
HampaBJicHHEM CKaHHpoBaHusi (och X).

Hos OLCHKM  BEJIMYUHBI  JBYJTy4eNpPETIOMIICHUS
Ang33  WCIONB30BAJIOCh  COOTHOIIeHWe  Angy3 = R/L,
me R =AA@/(2m) — onTHYecKash pPasHOCTb XOMa,

a L — a¢dexTuBHAs TOMIIHA MOAU(DHUIIPOBAHHOTO CJIOS.
[TockomnbKy npsiMoe ONTHYECKOe ONpenesieHue L 3aTpyTHeHO
73-3a CJ1abOro KOHTpAcTa B HEMOTH(MDUIIMPOBAHHOM KBapIie,
TOJIIIMHA CTPYKTYpH ObUla oOmpefesieHa MO NPOQUIIo
@®JI NBOHC-uenrpos (1 = 650nm) mnpu Bo3OYMxICHHU
Ha puHe BoyHBL 532 nm. WHTencuBHocTs PJI mpomop-
[MOHAJIbHA KOHIIEHTpald AC(PEKTOB M, CJICIOBATEIIBHO,
OTpakaeT MPOCTPAHCTBEHHOE pacIpefesieHne Jia3epHo-
WHIYLIPOBAHHON MOTM(UKAIIMN BIOJIb ONTHYECKOM OCH.
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Kax BumnO m3 puc. 3,5, npopmwie PJI nmeer BhIpakeH-
HBIi MakCUMyM Ha IilyomHe z =~ 560 +20um, a mupuHa
no ypoBHIO mosoBuHsl Makcumyma (FWHM) cocrasiser
L =420 4+ 20 um. Ioncrasnas A¢ = /2 u L =420 um B
BBIpaYKEHHE 1151 Ang33, HomydaeM Angyz ~ 3 - 1074,

DT0 3HAYCHHE COTJIACYEeTCS ¢ TUIMYHBIMU BEJIMYMHAMU
ABYJTy4eIIpeIOMJICHHs, JOCTUIaeMbIMH IIPU 3allUCH HaHO-
pELICTOK B KBapLe ¢ MOMOIIbI0 (EMTOCEKYHIHBIX JIa3ep-
HBIX HUMIIYJIbcOB. IIpumedaTesbHO, 4TO IOJIOKEHHE MakK-
cumyma ®JI (z ~ 560 + 20 um) 3aMETHO OTJIMYACTCS OT
3ajaHHOM TTyOuHBI (oKycupoBku zp = 730 um. JlanHoe
cMmenieHne 00bsCHAeTCS HeJTMHEHHBIM a¢dekToM caModoKy-
CHPOBKH, BO3HUKAIOIINM IIPH BBICOKOH IMKOBOI MOIIHOCTU
JIa3epHBIX MMITYJIbCOB. DHEpPrus MMILyJibca IIPH 3aluch CO-
craBisina Ey = 2 ul, mmaremsHOCTE — 300 fS, 9TO CcOoOTBET-
CTBYET IMUKOBOH MomuocTH P ~ 6.7 MW. {151 tutaBieHoro
KBapua npu aymHe BoiaHbl 1030 nm KpuTHieckass MOITHOCTD
caMO(OKYCHPOBKH OIICHUBAaeTCs Kak P ~ 4.5MW [27],
opa 3ToM 1t P > P BO3HUKAIOT YCJIOBHA U1 (OpPMU-
pOBaHMA HEJIMHEHHOro (oKyca BHYTpH MaTepHasa.

Ionoxenne HermHe#HOro QoKyca zg MOXKET OBITh
OLICHEHO 10 MOIM(UIMPOBAHHON MOIEN caMO(OKYCHPOB-
ki [28):

_ k(lo)w?/2
Lsf = VPP =T+ 2z;/(k(lo)wd)

e k(Iy) = 2aan(ly)/A — BOIHOBOE YHCIIO, 3aBHUCSLICE OT
WHTEHCUBHOCTH, n(Io) = ng + nplg — HEIUHEWHBI IOKa-
3aTesib MPEJIOMJICHHUs, Wy — Pajuyc IMydka B (hOKaJIbHOU
nockocth, o = 4Eov/In2/(n3?wit) — nuxoBast mHTEH-
CHBHOCTb, Z s = 730 um — reomerpudeckasi riyouna do-
KycHpOBKH. [loficTAHOBKa 3KCIEPUMEHTAIIbHBIX IapaMeTPOB
B ypasHeHue (1) maer z, ~ 620um, 4TO HAaXomUTCHA B
corsiacuu ¢ mosyokeHueM Makcumyma ®JI (560 £+ 20 um).
Takum o6pa3zom, HabMOgaeMoe CMEIeHNe 30Hbl MaKCUMaJIb-
HOI MOIU(pHKAINN SIBJISIETCS TIPSIMBIM CJICIICTBUECM HEJIMHEH-
HOI caMO(OKYCHPOBKH JIA3€PHOT'O U3JTYUCHUS B IHAJICKTPHU-
Ke. DTOT pe3yibTaT MOTYEPKUBACT HEOOXOMMMOCTH ydeTa
HEJIMHEHHBIX ONTHYECKUX 3((EeKTOB NpH MPOEKTUPOBAHUU
TPEXMEPHBIX ONTHYECKHX HJIEMEHTOB METOIOM NPSIMOM Jia-
3epHOU 3aIicH, OCOOCHHO B PeXMMax, OJM3KUX K HOPOTY
paspyuicHUs MaTepuara.

(1)

3akniovyeHue

MetonoM (eMTOCeKyHIHOH JIa3epHOW 3aIlicu BHYTPHU
IUTAaCTHHBI IUIABJICHOrO KBapla C(OPMUpPOBAaHA OIHOPOIOHAS
oObeMHasl [BY/IydYeNpesIOMIISIoNas CTPYKTypa C BEJIWYU-
HOM Pa3HOCTH MOKasaTeNeit TperomyieHusi An ~ 3 - 1074,
paboratomas Kak 4YeTBEPTHBOJIHOBas (pa3oBas IUTACTHHKA
Ha mmHE BOJHBI 633 nm. CHEKTPOCKONHS MpPOITyCKaHHUS
MOKa3aja, 4YTO KJIIOYEBYIO POJIb B oOIpenesneHun 3(pdek-
TUBHOCTU paboTsl copmupoBanHoro merogoMm I1JI3 ame-
MEHTa WUrparoT IMOJOCTH U HEONHOPOTHOCTH, (hopMHpoBa-
HHE KOTOPBIX 3HAYMTENILHO YBEJMYMBACT IOTEPH HA pac-
cessHE cBeTa B Y® W BUANMOM CHEKTPAIbHBIX JWAara-

3oHax. Kpome toro, uccienoBanus PJI m KPC anemen-
Ta TOKa3bplBAIOT, YTO MPOLECC MOAU(MHUKALUHU COIMPOBOXK-
naerca reHepauueit ODC- u NBOHC-nedexToB, koto-
pble SBJIAIOTCS WHAMKATOPAMHU CTPYKTYPHBIX H3MEHEHUi
KPHCTAJUTMYECKOM PEIIeTKH KBapua M JIOKAIBHOTO pas-
peBa Si—O-—Si-cBsazeit. CMmemenne 30HB MaKCHMAJIBHOM
MOAU(HKAIMA OTHOCUTEIBHO IeOMETPHYECKOH (PoKaIbHOM
miockoct (z = 730um — z ~ 560 &= 20 um) o0GBACHEHO
HEJIMHEHHOH CcaMO(OKYCUPOBKO, YTO HOATBEPKACHO KO-
JINYECTBEHHOM OIICHKOW IOJIOKEHUs] HEJIMHEHHoro (Qoxyca.
PesynpraTel neMOHCTPHPYIOT NOTCHIMAT HPSMOU Jasep-
HOW 3amuCH IS CO3/IaHHs OOBEMHBIX MHOJISPU3ANNOHHBIX
9JIEMEHTOB TIPH YCJIOBUHM Yy4YeTa HEJIMHEHHBIX 3(dexkToB n
ONTUMU3AIMU PEXUMOB O0JTydCHUS

®duHaHcupoBaHue paboThbl

UccnenoBanne BBHIIOJIHEHO B paMKax rOCYIapCTBEHHOT'O
zaganusa Ne FSFN-2025-0009.
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