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BBenenune

BypHbIii mporpecc B~ MHKDOJIIEKTPOHHKE M  TPAHIHO3HBIE TPOEKTHI  pa3BUTH
uHPOPMAIIMOHHBIX TEXHOJIOTHH B IOCIEIHEe BpeMsl Bce OMKe CTaJKUBAIOTCS C Ipobiemoi
CyIIECTBOBaHHS (YHIAMEHTAIBHBIX OrpaHWYeHUH  OBICTPOJACHCTBHS  IOJIyIPOBOAHUKOBBIX
yCTpoMCTB. B CBs3u ¢ 3TUM Bce OoJiblliee YKMCIIO HCCIEI0BaHWM IOCBAIIAETCS pa3padoTke
MPHHIUIHAIGHBIX OCHOB aJIbTEPHATHBHBIX IOJYPOBOAHUKOBOM JJIEKTpOHHKE oOiacted —
MHKPO3JICKTPOHHKE CBEPXIPOBOJAHUKOB, CIIMHTPOHUKE M (oToHHMKEe. OCHOBOH MHOTHMX YCTPOHCTB
(OTOHMKH MOTYT CIIyXHTh (oToHHBIE KpUCTAILIBL (PK) — CTpyKTYpBI, B KOTOPBIX TUIIEKTPUYECKAs
MMPOHUIIAEMOCTh MOJTYJIUPYETCS C MIEPUOJIOM, CPABHUMBIM C JJTMHOM BOJIHBI cBeTa [1]. bparrosckas
TAQpaKkius COOCTBEHHBIX 3JIEKTPOMATHUTHBIX COCTOSIHUM OJIOXOBCKOro THNA Ha Kpaio 30HBI
BpuutiosHa Takux CTPYKTYp MPHBOAMT K BO3ZHHKHOBEHHIO (OTOHHOH 3amperieHHO# 30HBI (P33)
uznydenus [2,3]. Ilpn Hamwuuum moHO¥M 3ampemieHHo# 30HBI cBeT B (oToHHOM DK He Moxer
pacmpocTpaHsiThCs B JIIOOOM HAMpaBlICHHH B CHEKTPAIbHOM JHMANa3oHE COBMAJAIONMM C
3alpeleHHoNl 30HOW. DTH CBOMCTBA OTKPBHIBAIOT IIMPOKHE BO3MOXHOCTH TNpuMmeHeHuss OK B
na3zepHoi TexHHKe [4] W cHcTeMax cBsi3W W rnepenadd uHGopMmanuu [5,6], myrem cosnaHus
ceeroguonoB ¢ KIIJ ~ 50%, 0e3moporoBbix Jia3epoB, ONTHYECKHX BOJIHOBOZIOB, YCTPOMCTB
OBICTPOTO  ONTHYECKOTO TMEPEKIIOYEHMS, ONTHYECKUX (UIBTPOB, MHKPOYCTPOMCTB st
HAlpaBJICHHs CBETA, ONTHYECKUX YCTPOMCTB XpaHeHHs M 00paboTku mH(pOpMaImH, (HOTOHHBIX
HHTErpaIbHBIX CXeM, (POTOHHBIX CBEPXIPOBOIHHUKOB, KOTOPHIE IPOSIBIISIIOT CBOM CBEPXIPOBO/ISIIINE
CBOWCTBA MPH ONPEACICHHBIX TEMIIEPATYpax, © MOTyT OBITh HCHOJIB30BAHBI B KAYECTBE MOJIHOCTHIO
OTITHYECKHUX JATYUKOB TEMIIEPATYPHI.

Ha ceronusimuuii nenp, npousBoactBo ®K naxe B 1abopaTopHBIX YCIIOBHSX 10 CHX IIOp
ABJIIETCS TPYJOEMKOW H JOpOrocrosimeil onepanueid. Beneacrsue 31oro, Kak mpH HCCICAOBaHUHU
¢byHnameHTanbHbIX cBOMCTB DK, Tak W NpH MPOEKTHPOBAHUM YCTPOKMCTB Ha UX OCHOBE, Hauboee
BaXHOM SIBJISIETCSI CTA/IUsl YUCIICHHOTO MOJIeIMpoBanus. B mpouecce MoienupoBaHus yUUTHIBAIOTCS
JUIIHF HEKOTOphle CBOMCTBa Cpelbl, OKa3bIBalOIUEe HauOoJbIIee BIMSHHE HAa IOBEICHHE
yCTpOWCTBA B JAHHOW CHTYAllMH, YTO MO3BOJISIET CYIECTBEHHO COKPAaTUTh KaK MaTepHalIbHbIC, TaK
¥ BpEMEHHBIE 3aTpaThl IPH MOJCITUPOBAHUH.

B nmanHO#it paboTre METONOM pa3liOKEHHS MO IUIOCKMM BOJIHAM MCCIEAYIOTCS 30HHBIC
cTpykTyphl oqHoMepHbIX DK ¢ nedexrom u 6e3 Hero.

1.Teopernueckasi 4acTh

3oHHAs CTPyKTypa (OTOHHBIX KPHCTAUIOB SBISIETCS OJHOM M3 Haubojiee BaXHBIX H
HH(POPMATHBHBIX XapakTepucTHK. OHa MO3BOJISIET ONCHUTh KO3()(PHUIMEHT OTpakeHUsI CTPYKTYPHI,
MOJIyYUTh 3HAYCHHUS] TIPYNIOBOM CKOPOCTH M JMCIEPCHH TIPYNIIOBOH CKOPOCTH W3IIy4ECHMS,
pacIpoOCTPaHSIOLIETOCS B CTPYKTYPE.

[TonyueHnue 30HHON CTPYKTYPBI MOXKHO CBECTH K 3ajade Ha COOCTBEHHBIE 3HAYCHUS, KOTOpas
TpeOyer pemenusi ypaBHeHHs ['ensmronbia. B nanHOM pabore 3amaua pemaercsi ¢ MOMOINBIO
YPaBHEHHSI, ONUCHIBAIOMIETO PACHpPEEICHUE MAarHUTHOW COCTABJISIOMIEH IOJISI, TOCKOJIBKY OHO
MIO3BOJISIET TTOJIYYHTH MOJIHYIO CHCTeMy 0a3uCHBIX pyHKImii [7]:

9 1 0 o’
a@gH(x)+c—2H(x)~—0, (1)



Jlns momydeHus pelieHusi ypaBHEHHS Ha COOCTBEHHBIE 3HAYCHUS B IEPHOAMYECKOM CTPYKTYpe
y100HO BOCIIOJIB30BAaThCS TeopeMo# bioxa. DTta TeopeMa IJacHT, 4TO COOCTBEHHYIO (DYHKIIHMIO B
OEeCKOHEYHOH TNEePHOAUYECKOW CTPYKTYpPE MOXHO MPEACTAaBHTH B BHIE NMPOM3BEICHHS ILIOCKOM
BOJIHBI Ha TEPHOANYECKYI0 (QYHKIHMIO, HMEIONIYIO0 TNEpHoj pemerTku. [IpencraBisist (QyHKIHIO
pacIpeziesieHus MMoJisi COracHo Teopeme bioxa, momyumnm:

H(x)=hy ,-exp(i-k-r), 2)

rae hy, — 9TO mepropwvecKas (YHKIHMs, k — BOJNHOBOH BEKTOp (B OJHOMEPHOM Ciyyae —

BOJIHOBOE YHUCJIO), # — HOMEP 30HBL
[TockonbKy GyHKIMS IEPUOUYHA, OHA MOXKET OBITh IIpeJICTaBlIeHa B BUje psjaa Oypbe:

H(x)= %hk,n(G)'eXP(i (k+G)-x), 3)

@DyHKIUS ~paclpelelieHHsT JUDJIEKTPHYECKOM NPOHHIIAEMOCTH TaKXKe MOXET OBITh
npescTaBlieHa B Buzie psga Oypbe, BBUIY €€ IEPHOIAYHOCTH:

1 < i-G-x
— = Tu(G)-e97, (4)
[ToncraBuB (3) u (4) B (1), nonyunm ypaBHeHue ['ebMrosibiia B MpeaCcTaBICHHH BOJHOBBIX
BEKTOPOB:
2
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~YUGC-G)-(k+G)- (k+G)) - Iy n(G)+ 5 Iy o(G) =0, 5)
G' c
Breipaxxenue (5) mpexacraBiser coOoit cucTeMy IWHEHHBIX anreOpanyecKux ypaBHEHHUMH
a)Z
OTHOCHTEIIHHO KO3(G(PUIMEHTOB pa3jioxkeHus B psia Pypbe ¢ HEU3BECTHBIMA KOO QUIIMEHTAMH —;-.
c

Pemenue cucteMsl Aisl psa 3HA4CHUM BOJHOBOIO BEKTOpA B IpeJesiax 30HbI bpuiumosHa aer B
pe3yibTare Habop COOCTBEHHBIX YAaCTOT, COOTBETCTBYIOIIMX KaXKIOMy H3 BOJIHOBBIX BEKTOPOB.
MHO0XecTBO COOCTBEHHBIX 3Ha4eHUH (HOpMHUPYIOT 30HHYIO CTpyKTYpy @K. (puc.1, a).

Ha puc. 1, 6 uzobpaxena crpykrypa ®K, cocrosimero u3 IByx THNOB clI0€B. ToNIMHA IEPBOro
ciost 0,33mxm , a ero audNeKTpuUecKast mpoHuraeMocts €1 = 1. Tommuna Broporo cinost 0,66 mxm ,
a ero JudJeKTpudecKas IPOHHUIIAEMOCTh €5 = 3. [Ipu moctpoenun 30HHO# cTpykTyphl ®K 1o ocu
OpAMHAT OTKJIAJBIBAETCS 4acToTa, a mo ocu abcmucc — BOJIHOBOU BekTop. Ha puc. 1, a obGnactu
9acTOT, JUIi KOTOPBIX OTCYTCTBYIOT COOCTBEHHBIE COCTOSIHHS, COOTBETCTBYIOT MONHBIM P33 Jns
JTaHHBIX TapameTpoB @K 3ampemnieHHbIE 30HBI HaXONAATCS MEXAY KaXIbIMHU JIByMs YPOBHSIMH.
C ¢usuyeckoit TOYKH 3peHHs IEHTP 3alpemIeHHON 30HBI COOTBETCTBYET YCIIOBHIO MaKCHMAJIbHOIO
OTpaXKECHHUSL.
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2.Uccnenoanne BiusHus napamerpos ®K Ha nmosioxkenne n mupuny ®33

[Tpu mpoekTHpoBaHUHM YCTPOMCTB Ha ocHOBe DK, ocHOBHOM 3ajauyel, KoTopasi JODKHA OBITh
pemeHa, sBisieTcs omnpeneneHue mnapamerpoB @K, npu KOTOphIX moBeneHHe ero Oyner
COOTBETCTBOBATh 3aJaHHBIM ycloBUSM. C Ienbi0 pelieHusi Takod 3amadd, HeoOXOJHMMO 3HaTh
3aBHCHUMOCTBD IOJIOKEHHS, a Taioke mupunbl @33 ot mapamerpos OK.

B pabGote ObUIH MONy4EeHBI 3aBHCHMOCTH MOsioeHHus u mupuHbl ©33 ognomeproro @K or
TOJIIMHBI OJIHOTO M3 Maphl CJIOEB, a TAKXKE B 3aBUCHMOCTH OT JUAJIEKTPUYECKON IMPOHULIAEMOCTH
cioeB. Pacuer mpoBomMiICS Uit CTPYKTYpPBI, H300paXKeHHOH Ha pHcC.l, 6, HCXOAHBIC IapaMeTphl
KOTOPO# CJICAYIOIIKE: TOIIIUHA 1epBoro ciost 7 = 0,33 mxm ¥ 1udneKTpryecKast IPOHUIIAEMOCTh

[IEPBOTO CiIos €7 =1, TOJNIIMHA BTOPOro cios /o = 0,66 Mxm ¥ IUSIIEKTPHYECKAss MPOHHHUIIAEMOCTD
1 2

BTOPOTO CJI0sl €9 = 3. 30HHas cTpykTypa Takoro @K usobpaxena Ha puc.1, a.

Ha puc.2, a u300paxkeHa 3aBHCHMOCTb INMPHUHBI 3alPEIIEHHON 30HBI OT JUDIECKTPUYECKOH
IPOHUIIAEMOCTH TIEPBOTO  CJOS, HA OTOM 3aBHCHMOCTH IIpH YBEJIMYCHHWH 3HAYCHHUS
JIMDJIEKTPHYECKOM MPOHUIIAEMOCTH IIUPUHA 3aIPEIICHHONW 30HBI CHAyalla yMEHBINAeTCss 10 TeX
nop, noka €; He Oyner paBHO €; . [Ipu 3ToM (GoTOHHBIH KpHUCTaJUI MIpEeBpaIIaeTCs B OJHOPOIHBIHA
marepuai. [Ipu nanpHeiIneM yBEIWYEHHH 3HAYEHUS €| IPOUCXOJUT YBEIHYEHHE HIMPUHBI
3ampenieHHO# 30Hb1. Ha puc.2, 6 n300paxeHa 3aBUCHMOCTb [IMPHHBI 3alIPEICHHOM 30HBI OT
JUAJIEKTPHYECKOM MPOHULAEMOCTH BTOPOTO CJIOS, TPH YBEIHMYCHHH 3HAUCHMS AMIICKTPHYECCKOM
IPOHHUIIAEMOCTH, MBI BHJHMM IMOSIBJICHHE JIOKAIBHOTO JKCTpemMyMmMa npu €, =3,8. Ha puc.3, a
n300pakeHa 3aBHCUMOCTD TOJIOXKEHHS 3alpeIeHHOM 30HBI OT JUAJIEKTPHYECKOH MPOHHUIIAEMOCTH
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