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AHHOMauyusi — VIccne,qyeTc;l NPOCTpaHCTBEHHOE pacnpe-
OeneHne anekTpomarHuTHoro nons TM BONMH B MOnepeyvyHoM
ceyeHun OTOHHO-KPUCTaNNNYeCckMx BOMHOBOAOB. Hanuuve
J10Kann3oBaHHbIX Mo4 C MakCMMyMOM UHTEHCUMBHOCTU nonda B
LeHTparnbHOM YacTh BOMHOBOZOB MO3BONSET NMPUMEHATb UX B
KavyeCTBe NpoJieTHbIX KaHasioB Af1A 3JIEKTPOHHbIX NOTOKOB pas-
FINYHOTO MOMEPEYHOro ceyveHust n opMUPOBaHUS Ha 3TON OC-
HOBE€ MHOrony4KoBbIX 3J1IEKTPOHHO-BOJTHOBbIX CUCTEM Teparep-
LLOBOro AnanasoHa.

|. BBegeHue

OpfHMM M3 OCHOBHbLIX HanpasfeHW pas3BUTUS CO-
BPEMEHHON BaKyyMHOW 3M1EKTPOHVKWN SIBNSieTC paspa-
00TKa NpMbOPOB KOPOTKOBOJTHOBOW 4YacT MM U CyOMM
AvanasoHa. CHuXeHne CONpoTUBIEHUS CBA3M U YMEHb-
LUeHNe pa3MepoB 3MEMEHTOB 3aMeAnsAlLWmUX CUCTEM B
3TOM Auanas3oHe obycrnosnuealT HeobxoAnMOCTb Mo-
MCKa HOBBIX CXeM npubopoB, KOTOpble oGecnevmBaloT
3 (PEKTVBHBIN 3HEProobMeEH MOTOKOB 3apPsPKEHHbIX Ya-
CTUL, C 3MEeKTPOMarHUTHeIMK nonsmu. PelueHne aTnx
npobnem BO MHOrOM CBSI3aHO C COBEPLUEHCTBOBAaHWEM
anekTpoguHammnyecknx cuctemM. WIHTeHcuBHble 3Kcne-
pUMeHTarnbHble N TEOpeTUYeckne UCCnenoBaHNs UCKYC-
CTBEHHbIX MNEPUOANYECKUX CTPYKTYP PasfnyHOW pas-
MEpHOCTM — (POTOHHBIX KpUCTansos, obycnoBreHHbIe
3HAYNTENbHBIMK yCrexamn B TEXHONOTUN UX U3roTOBIE-
HWS, MOKasanu LMPOKME BO3MOXHOCTU MX NMPUMEHEHUS
B aKTMBHbIX M MacCUBHbIX YCTPOWCTBAX Pas3fnyHbIX Ya-
CTOTHbIX AnanasoHos [1].

CpaBHuTenbHO npocToe MacliTabuposaHne OTOH-
HbIX KPMCTannoB 1 60MbLLION BbIOOp MaTepnanos ANs UX
M3roTOBMIEHNS MO3BONSIOT CO34AaBaTh ANEKTPOAMHaMMU-
YecKkne CUCTEMbI PasNUYHOTO (PYHKLMOHANBHOrO HasHa-
YeHus. MNMoaToMy akTyanbHON SABNSETCS 3ajada npume-
HEHWUs1 TakMx CTPYKTYp B 9NEKTPOHHbIX npubopax c Le-
Nbio yBenuyeHus paboyen 4acToTbl BNNOTL 4O Teparep-
LIOBOro AnanasoHa.

B paHHon paboTe paccmaTpuBaloTCs 3NeKTPOAUHA-
MUYecKMe CcBOWCTBA (POTOHHO-KPUCTaNMMYECKUX CTPYK-
TYp, KOTOpble MO3BOMSAT MCNOMb30BaTh MX ANs B3au-
MOAEWCTBUS C LUMNNHOPUYECKUMM N NEHTOYHBIMU 31eK-
TPOHHBLIMU MOTOKaMM B 3NEKTPOHHBIX Npubopax O-Tuna.

Il. OcHOBHaA YacTb

MpakTuyeckoe nNpuMeHeHne POTOHHBIX KPUCTanNmoBs,
Kak 1 BoOOLLE Nepuognyecknx CUCTEM, CBSI3@HO Npex-
[e BCEero ¢ Ux MoriocoBbIMN CBONCTBAMMU, T. €. HANU4Ynem
30H MPOMyckaHus 1 3anupaHus. oaTomy okasbiBaeTcs
BO3MOXHOW NOKanusauns 3NeKTpOMarHUTHOW SHeprum B
onpegeneHHbIx 0obnactax ¢OTOHHO-KPUCTaNIMYECKUX
CTPYKTYp M CO3[aHne Ha 3TON OCHOBE BOMHOBEAYLUMX U
pe30HaTOpHbIX cucTeM. Takasa nokanusaums peanuayet-
CA B 3anpeLleHHbIX 30Hax, KOTopble 0ObIYHO Ha3biBalT
POTOHHBIMM 3anpeLLEeHHbIMU 30HaMW.

dopmupoBaHme HOTOHHO-KPUCTaNUYECKNX BOJSTHO-
BOAOB W pEe30HaTOPOB OCHOBLIBAETCA Ha HapyLleHun
NepuoOANYHOCTM CTPYKTYpbI, T.€. BHECEHWM B Hee [e-
dekta. Ecnv BONHOBOAHBIN KaHan ABMASETCS NpsMonu-

HEeHbIM W NyCTOTeMblM, TO Yepe3 Hero MOXHO Mnpony-
CTUTb 3NEKTPOHHLIM NOTOK. B 3aBucumocTtun ot chasoson
CKOPOCTM 3IIEKTPOMArHUTHBIX BOMH Y CKOPOCTU 3MEKTPO-
HOB BO3MOXHbl pPa3fnuyHble BapuaHTbl MX B3anmogen-
cTBMA. Hanpumep, B JMHENHOM (DOTOHHO-KpUCTan-
NMYECKOM BOMHOBOAE Hanu4yve BOMH C ha3oBoW CKOpO-
CTblo, ONM3KON K CKOPOCTW CBETA, No3BonsieT PopMmpo-
BaTb CXEMY YCKOPUTENS 3neKTPoHOB [2]. B To xe Bpems
HeKoTopble KOHUrypaumMm BONHOBOAOB 0oGecnevmBatoT
3amegneHue as3oBown ckopocTu Ao yposHs 0.4-0.5¢, 4to
[aeT BO3MOXHOCTb CWMHXpPOHM3auun co cnabopenatu-
BUCTCKMMM SITEKTPOHHBIMM NOTOKaMu [3].

Hapsgy ¢ nuHewHbIMM  BOMHOBOZAMMW, KOTOpble
dhopmupytoTCcsl NyTEM yaaneHnst O4HOMO UIU HECKOMNbKUX
pPSAOB 3NEMEHTOB MEPUMOONYECKON CTPYKTYpbl, ANS ne-
pefayvn 3neKTpoOMarHUTHOW 3HEPrUM NMPUMEHSIIOTCS TaK-
Xe Tak HasbiBaeMble AblpyaTtble BonHoBogbl [4]. Ons
B3aNMOLENCTBNSI C MOTOKOM 3apsKEHHbIX YacTuL, Heob-
XOOAMMO HamnuymMe KOMMOHEHTbl HanpsKEHHOCTU 3nek-
TpUYeckoro mnons, napannensHoi obpasylwym ane-
MEHTOB, (POPMUPYIOLLMX NEPUOLAMNYECKYID CTPYKTYpPY.
Takas nonsipusaums (TM) obecneunBaeTca npu pasme-
LLleHMN B BaKyyMe Nepuoanyeckon CUCTEMbI OMINEKTpu-
yeckux UMNUHApoB. Ha puc. 1 npepcrtaeneHa aucnep-
CMOHHasi anarpamma Aans crnyyasi, korga UunuHapbl pac-
MOMOXeHbl B y3nax NpsMOYrornibHov ceTku. YncneHHble
pacyeTbl NPOBOAMIUCE C MOMOLLbLI CBOGOAHO pacnpo-
cTpaHsiemon nporpammel MIT Photonic Bands (MPB) [5].
Ha puc. 1 oTmeyeHa 3anpelleHHas 30Ha, B npegenax
KOTOpPOW HEBO3MOXHO pacnpocTpaHeHuWe 3nekTpomar-
HUTHbIX BOMH B MEPUMOONYECKON CTPYKTYPE U BO3MOXHA
rnokanu3aumsa 9neKkTpoMarHMTHOro nond B Aedekrax.
paHWLbl 3TON 30HbI COOTBETCTBYHT HOPMWPOBaHHLIM
3HayeHussM vactoTbl wa/2nc = 0.2876 n 0.4228, a —
NPOCTPaHCTBEHHbIA Nepuoa (paccTosiHe Mexay LeH-
Tpamv LUNMHAPOB).
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Fuc. 1. BucnepcuonHas duaspamma dng TM
fonapLsaULUILL

Fia. 1. Band structure for TM modles

Ha puc. 3 npeacraBneHbl pesynbTaTbl pacyeTa npo-
CTPaHCTBEHHOIO pacrnpefeneHns HanpsikeHHOCTM Mpo-
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[OONbHOrO 3MeKTpUyeckoro nons (nepneHauKynsipHoro
MNOCKOCTM pUCYHKA) ANA pasnuyHbiX KOHMrypauum
(hOTOHHO-KPUCTaNMMYECKNX  PE30HATOpPOB,  KOTOPblEe
npeacraBnsAlT cobor nonepeyHoe ceyeHre BOIHOBOAA.
BepTukanbHble LUTPUXOBbIE NIUHUM MOKa3blBaOT rpaHu-
Uubl Aedekta nNepuoanyeckon CTPyKTypbl. [ns AaHHbIX
COBCTBEHHbIX PEXMMOB CTPYKTYPbl MakcumarnbHoe 3Ha-
YeHne aMnnuTyabl NOMs peanu3yeTcs B LeHTpe BOMHO-
BOOHOrO kaHana, 4epe3 KOTOpbIA MOXHO npomnyckaTb
NEHTOYHBbI NN LUINMHAPUYECKUA MOTOK 3NIEKTPOHOB.
OuyeBnaHo, YTO HanbornbLuas cTeneHb 3anofnHeHue npo-
NETHOro KaHana MoXeT ObITb peanvsoBaHa Npy UCNonb-
30BaHUM OCHOBHOWM MOAbI.

HeopgHopogHOCTE nonepeYHoro pacnpeaeneHns Bbl-
COKOYaCTOTHOro Mons B npegenax gedekra obycnosnu-
BaeT HeobX0ANMOCTb UCMOMb30BaHUS TPEXMEPHbIX MO-
aenen Ans uccnegoBaHUs 3aKOHOMEPHOCTEN 3MEeKTPOH-
HO-BOSTHOBOIO B3aUMOAENCTBUSA B PACCMOTPEHHbIX ¢ho-
TOHHO-KpUCTaNNMyecknx BonHosoaax [6].

[1l. 3akntoyeHue

MpumeHeHe HOTOHHO-KPUCTANINYECKUX BOJTHOBO-
OB B 3NIEKTPOHHO-BOSTHOBbLIX CUCTEMAX NO3BOMSET pas-
MeLLaTb NIEHTOYHbIE UMW LMMUHAPUYECKME 3NEKTPOHHbIE
NnoTokn B 06nacTM MakcuMarbHOW WHTEHCUMBHOCTW Bbl-
COKOYaCTOTHOrO arnekTpudeckoro nons. Takum obpasom
MOXHO [0OUTLCS YBENUYEHMSI COMPOTUBIIEHUS] CBSI3N B
ANeKTPOHHLIX Npubopax TeparepLoBoro AnanasoHa v 3a
CYeT 3TOro NoBbICUTbL 3PPEKTUBHOCTE B3aMMOLENCTBUS.
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Fig. 2. Electric field cross sections for different
modes of PC fiber
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Abstract — Spatial distribution of the TM modes electromag-
netic field in the photonic crystal fibers cross sections is investi-
gated. Existence of the confined modes with field intensity maxi-
mum at the waveguides center allows forming channels for sheet
and pencil electron beams. This scheme can be used for devel-
opment of the terahertz multi-beam O-type electron devices.

I. Introduction

Development of the effective terahertz radiation sources is
the one of basic lines of development of the modern vacuum
electronics. Coupling impedance decreasing and miniaturization
of the electrodynamical systems elements stimulate the search-
ing of the new devices schemes with effective beam-wave in-
teraction. Results of the numerous experimental and theoretical
investigations of the photonic crystals show possibilities of their
wide application in active and passive elements for different
frequency ranges.

In this report the electrodynamical properties of the photonic
crystal structures, which can be used for interaction with sheet
and pencil electron beams in O-type devices, are considered.

II. Main Part

Forming of the photonic crystal waveguides is performed
via breaking of the structure periodicity in one direction by creat-
ing linear defects. Hollow waveguides may be used for passing
of the sheet and pencil electron beams. These structures are
very promising for accelerating of charged particles [2] and
beam-wave interaction [3]. There is another type of photonic
crystal waveguides, the photonic crystal fiber. In this report we
consider waveguides formed by removing some elements of
square lattice of dielectric cylinders in air. Such bulk crystal has
band gap for TM modes (fig. 1). The MIT Photonic Bands
(MPB) package, a public-domain code using an iterative eigen-
solver technique [5], is used for this dispersion diagram calcula-
tion. Fig. 2 shows spatial distribution of the electric field for dif-
ferent modes of photonic crystal resonators that represent
waveguides cross sections. It is clear that the field maximum is
forming at the central part of waveguide channel. Thus photonic
crystal waveguides may be used as effective electrodynamical
systems of the terahertz O-type electron devices.

lll. Conclusion

It is shown that the photonic crystal waveguides (fiber-like)
may be used for passing of the sheet and pencil electron
beams and forming terahertz beam-wave system with increased
coupling impedance due to longitudinal electric field spatial
distribution at waveguide cross section.

2012 22 Int. Crimean Conference “Microwave & Telecommunication Technology” (CriMiCo’2012). 10—14 September, Sevastopol, Crimea, Ukraine
214 © 2012: CriMiCo’2012 Organizing Committee; CrSTC. ISBN: 978-966-335-370-8. IEEE Catalog Number: CFP12788



