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AHHOmMauyusi — Wccnegyotcst AMCNEPCUMOHHBIE XapakTepu-
CTUKWN ABYXMEPHbIX (POTOHHBLIX KPUCTanmoB C NUHEWHbIM Je-
dekTom B BuAe rpebeHyaToro BonHosoga. PesynbraTthl yumc-
TNIeHHOro MOJEeNnMpPOoBaHNs CBMAETENbCTBYIOT O CyLLECTBOBaHUN
B (DOTOHHO-KpUCTaNNN4YECKOM BOSIHOBOAE C rpebeHyvaToln CTeH-
KOW 3amMeffieHHbIX BOJIH, KOTOPble MOXHO WMCMONb30BaTb ANA
CO3AaHNsl ANEKTPOHHbIX NPUBOPOB C ANUTENbHBIM B3aumogden-
CTBMEM B TeparepLOBOM AnanasoHe.

|. BBeoeHue

OpHOM U3 OCHOBHbIX 3agay anekTpoHukn CBY B Ha-
cTosillee Bpems ABnsieTcs pa3paboTka ahdeKTUBHBLIX
WCTOYHUKOB W3My4YeHUss Manol u cpefHen MOLLHOCTU B
TeparepuoBom U1 cybTeparepuoBoM JuanasoHe. Wc-
nonb3oBaHWe Ans 3TOW LN Kraccu4eckmx npubopos
CBHA3aHO C npobrnemMamm TexHonorm4yeckoro n duanye-
ckoro nnaHa. B nepByo oyepeab 3TO kacaeTcsa U3roToB-
NEeHNst 3NeKTPoAMHAMMYECKNX cucTtem n obecneveHns
Heo6X0AMMOro cConpoTUBINEHUS CBA3U B Npubope.

B HacToswee Bpems npu paspaboTke BblCOKOYac-
TOTHbIX 3NEKTPOOUHAMUYECKMX CUCTEM  pPa3nMYHOro
YHKLUMOHANBbHOMO Ha3Ha4YeHUs LUMPOKO MCMONb3yTCA
nepuoau4ecKkme CTPYKTypbl, KOTOpble MOMyYnnuM HasBa-
Hue OoTOHHbIe kpucTannbl [1]. CoBpeMeHHbIN ypoBeHb
pa3BUTUSI TEXHOMOMMI No3BonsieT hopMUpoBaTh Takue
CTPYKTYpbl C NEepPMOAOM, COOTBETCTBYIOLUMM [AOBOSMLHO
LUMPOKOMY AmanasoHy paboumx vactor — ot CBY pgo
ONTUYECKOro AvanasoHa. Hanvuve 3anpelyeHHbIX 30H B
(hOTOHHBIX KpUCTanmnax no3BofseT 3a CYeT HapyLlleHus
UX nepuoamyHocTn obecneunTb NoKanusauuo anek-
TPOMarHWTHOM 3QHEpPrunm Ha onpedeneHHbIX Yy4vacTkax
3NEeKTPOANHAMUYECKON CUCTEMbI. YCKOpPEHME MNOTOKOB
3apsPKEHHbIX YacTuL, Na3epHbIM usnyyeHuem [2] aBns-
eTCsl MPUMEPOM NPUMEHEHUsT (DOTOHHBLIX KPUCTAISIOB B
3MNEKTPOHHO-BOMHOBLIX cucTeMax. [ns addeKkTMBHOro
B3aWMOLENCTBUST  HEPENSITUBUCTCKOTO  3NEKTPOHHOIO
NMoToka C BOJIHOBOAHOW BOIHOW HeOo6XoAuMMO, 4TOObI
anekTpoguHamuyeckass cuctema obecneumBana Tpe-
byemoe OnNA 9MNeKTPOHHO-BONTHOBOrO B3aMMOLEWCTBUS
3amefarneHue.

B pnaHHoli paboTe paccmartpuBarTcs BONPOCHI, CBSA-
3aHHbIe ¢ hOPMUPOBAHNEM FTOKanM30oBaHHON B rpeber-
4YaToM (POTOHHO-KPUCTaNNIMYECKOM BOJTHOBOAE 3amen-
NEHHON 3MEeKTPOMarHWTHON BOMHbI TeparepLoBoro aua-
nasoHa, NPUro4HOW Anst ANUMTENbHOIO B3aMMOLENCTBUS
C HEPENATUBUCTCKMM MOTOKOM 3aPSPKEHHbIX YacTul,.

Il. OcHoBHasa 4yacTb

MccnenoBaHmne CBOMCTB hOTOHHO-KPUCTAmNIMYECKOro
BOTHOBOAa NPOBOAMTCH B pamKax ABYXMEPHOW Moaenu,
Korda BAOMb koopAnHaTHoW ocu Oz CTpyKTypa cumTaeT-
Cs1 0QHOPOAHON 1 BeckoHeyHol. ba3oBbiMK KOHGMIypa-
unsimn  anst popmMmpoBaHMs ABYXMEPHOW nepuoande-
CKOW CTPYKTYpbl SBMSATCA AMINEKTPUYECKUe LMIUHA-
pyYecKUe CTEPXKHW, PAaCMONOXEHHbIE B BaKyyme WIu
nycroTenble LUINHAPUYECKME OTBEPCTUS B OQHOPOLHOM

n3oTponHom pAauanektpuke [1]. Cxema pacnonoxeHus
3M1EMEHTOB ABYXMEPHOro (OOTOHHOTO KpucTanna MoxeT
ObITb rekcaroHanbHou (B y3nax npsiMoyrofibHOW peLueT-
KWM) 1 TeTparoHanbHou (B y3nax pelleTkun u3 paBHOCTO-
poHHUX TpeyronbHukoB). Ocb Oz cuyuTaeTcs Hanpas-
NEHHON BAOMNb 0Opa3sylLMX LMIMHAPOB. B Takmx cTpyk-
Typax OObI4HO BbIAENSIETCS ABE MOnsipusauum manyde-
Hua — TM u TE. lMepBbI TUN nonspusaunm cooTBeTCT-
BYET OT/IMYHOW OT Hyns NPOAOSIbHOW KOMMOHEHTE Ha-
NpsKEeHHOCTW  anekTpudeckoro  nons  E,  TE-
nonsipuM3aums XxapakTepuayeTcsl HanmumMem nonepeyHbix
KOMMOHEHT 3MEKTPUYECKOro nors.

PacyeT OUCNEPCUOHHBIX XapakTepUCTUK (POTOHHbIX
KPUCTanmnoB C foKanbHbIMWU HapyLLEHUSMW NEPUOANYHO-
CTU PacrnosioXXeHNs1 ANeMEHTOB MPOBOANTCS C MOMOLLbHO
nporpammHoro naketa MIT Photonic Bands (MPB), pas-
pabotaHHoro C. [xoHCoHOM [3]. AHanu3 gucnepcuoH-
HbIX XapaKTepWCTMK MNO3BOMSIET onpefenuTs obnactu
COBCTBEHHbIX 4acTOT MOJIOC MPOMyCKaHUA U 3anupaHus
B NEpMOAMNYECKOW CTPYKTYpe 1 ha3oBYyH CKOPOCTL BOJH,
pacnpoCcTpaHSALWMNXCS B AAHHON cucTeme.
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Puc. 2. JucriepcuoHHble xapakmepucmuKku
epebeHYyamo20 8osiHo8ooa.

Fig. 2. The band diagram of a corrugated PhC
waveguide

M3BeCTHO, YTO (DOTOHHbIE KPUCTaNIbl U3 OUANEKTPU-
YECKUX CTEePXHEeW MMEIOT 3anpelleHHble 30Hbl Npenmy-
wecTBeHHo Anst TM-nonspmusaumMm 1 No3TomMy He MOryT
ncnonb3oBaTbCa Ans (OPMUPOBaHUS BOMHOBOAA C
NPOAOSIbHON KOMMOHEHTOM 311eKTPUYECKOro nons, Heob-
XoAMMOW Ans aHeproobMmeHa ¢ HanpaBneHHbIM NOTOKOM
3apshKeHHbIX YacTuul. 3anpelieHHble 30Hbl ana TE-
nonspusaumm nmeet OTOHHLIV KpucTann, cdopmMmpo-
BaHHbIA LUWMMHOPUYECKMMU OTBEPCTUAMW B OUINEKTPU-
ke. Nanee B paboTe paccmaTpuBaeTCs rekcaroHasnbHbIN
BapuaHT pacnofioKeHNsi 3NEeMEHTOB NEepPUOANYECKON
CTPYKTYpPbl, KOTOPbIA UMEEeT [BE OCHOBHbIX 3anpeLleH-
HbIX 30HBbI.
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M3BecTHO, UYTO Hanuume nUHenHoro gedekra B o-
TOHHOM KpucTanne NpuMBOAMT K BO3MOXHOCTU CyLLECT-
BOBaHWsi BOMHOBOro npouecca B npedenax 3anpeLleH-
HbIX 30H, T. €. 3TV BOJIHbI OyayT «3anepTbl» B npegenax
nedbekta (BonHoBoM kaHan). UMx casoBass ckopocTb
bonblie nnm 6nmska K CKOpocTn ceeTa. [Ans nonyveHus
6onbluero koadguumneHTa 3amMmeaneHns MOXHO UCMOrb-
30BaTb BONHOBOA C rpebeHyaTtbiMm cTeHkamu. Ha puc. 1
npeacTaBfieHbl pes3ynbTaTbl pacyeTa AMCMNEPCUOHHbIX
XapakTepucTuk MOANULIMPOBAHHOIO (hOTOHHO-
KpUCTanmnmMyeckoro BOfIHOBoAA C rpebGeHYaTon CTEHKOMN.
3awTpuxoBaHHble 06nacTM Ha AguarpaMmme COOTBETCT-
BYIOT 3arnpeLleHHbIM 30HaM CTpykTypbl 6e3 gedpekra.
LLitpnxoBas nuHMA noctpoeHa Ang cnydas, koraa gaso-

Bas CKOPOCTb paBHa CKOPOCTW CBeTa. d — MPOCTPaHCT-
BeHHbI nepuop. CevyeHve umccrieQyemMomn CTPYKTypbl B
NAOCKOCTM XY NMOKa3aHO Ha HwbkHel Yactu puc. 1. Haps-
Ay ¢ 6onblMM KOMMYECTBOM ObICTPbIX U MeASEeHHbIX
BOJTH, pacnpoCTpaHsoWmuxcs B nepdopmMpoBaHHOM Au-
3MeKTpYKe, B BONHOBOAE CYLLECTBYET BOSHA C [OBOSb-
HO 6onblWNM KOI(PPULMEHTOM 3amenneHusi, KoTopas
MOXET CUHXPOHM3MPOBATbCA C HEepPensATUBUCTCKUM
3MEeKTPOHHbLIM NOTOKOM. Ha 6punniosHoBCKoW avarpam-
mMe (BepxHsis 4acTb puc. 1) BMOHO, YTO Ha obpaTHoWn
BOJSIHE BTOPOW NPOCTPaAHCTBEHHON FApMOHWKW 3amepre-
HVe JocTuraeT BennyunHel 5,9.

Ha puc. 2 npegctaBneHa cxema wuccrieqyemon
CTPYKTYpPbl M MPOCTPaHCTBEHHOE pacnpefeneHve am-
NAUTYAbl  NPOAOSIbHOM  KOMMOHEHTbI  3MEeKTPUYECKOro
nons Ans MeAneHHon BOTHOBOAHOW BOJHbI.
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Puc. 2. PacnpedeneHue anekmpu4yecKoeao nosisi 80/HbI
8 ®K sonHosgoOe.

Fig. 2. The spatial distribution of
the longitudinal electric field in the PhC waveguide

C nomoLiblo  AUCMNEPCUOHHON Anarpammbl MOXHO
OLEHUTb BENUYUHY nepuoda (OTOHHOrO KpucTanna,
HeoOxoammyto ans  obecrnedyeHus B3aUMOOEWNCTBUS
MEeANEHHON BOMHbI C 3NEKTPOHHbIM NOTOKOM. Hanpu-

mep, ons vactotbl 3 TIy a = 30 MKM, 4YTO BMOSHE pea-
N3yeMo Ha MpaKTuKe Npu COBPEMEHHOM YPOBHE pa3Bu-
TUS1 TEXHOMOTNN N3roTOBIEHNSI (DOTOHHbLIX KPUCTansoB.

Ill. 3akno4yeHue

YCTaHOBMNEHO, 4TO B  (POTOHHO-KpUCTaNIMYECKOM
BOMHOBOAE C rpebGeHyaTon CTEHKOW CyLLecTBYHT 3a-
MeaneHHble BOJTHbl TeparepuoBOro Anana3oHa, KoTopble
MOXHO WCMOSb30BaTb AN B3aUMOOEWCTBUA C  3rek-
TPOHHbLIM NOTOKOM. B (hOTOHHOM KpwcTanne c TeTparo-
HanbHON CUCTEMOW OTBEpPCTU MepBasi 3anpeLueHHas
30Ha LWMpe, YeM B rekcaroHanbHol cxeme. MNoatomy ans
Hee Takke MOXHO 06ecneynTb YCNoBUS CyLLLeCTBOBaHMSA
3aMefSIeHHbIX BOSH B BOSTHOBOM KaHare CTPYKTypbl.
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Abstract — Dispersion characteristics of the 2D photonic
crystal with vacuum corrugated waveguide introduced are in-
vestigated. Slow-wave modes of the photonic crystal waveguide
are obtained for different phase velocities. These modes are
suitable for synchronization with non-relativistic electron beam.

|. Introduction

Development of the effective terahertz low power radiation
sources is the important problem of the vacuum electronics.
Efficiency of the classical microwave devices decreases in this
band. The most critical problems are the slow-wave structures
fabrication and coupling impedance decrease.

Periodical structures are also known as photonic crystals
and band gap structures widely used for development of the
various electrodynamic systems. Modern technologies allow
making these structures for very wide frequency range — from
microwave range to quasioptical one. A line defect of the
photonic crystal can act as a waveguide. The electromagnetic
wave is localized in a waveguide for frequencies in the band
gap of the crystal.

In this report the forming of the slow wave in the corrugated
photonic crystal waveguide has been considered. In this case
the prolonged beam-wave interaction in the waveguide channel
may be realized in terahertz band.

Il. Main Part

Corrugated waveguide is formed in the photonic crystal lat-
tice with hexagonal scheme of the vacuum holes in the dielec-
tric substrate. Lattice constant is a. It is known that the band
gaps for TE modes are formed for this photonic crystal struc-
ture. These modes have electric field components in the plane
of the structure and can be used for beam-wave interaction in
the waveguide. The MIT Photonic Band (MPB) package, a pub-
lic-domain code using an iterative eigen solver technique [3], is
used for dispersion diagram calculation.

Fig. 1 shows the band diagram for a corrugated crystal
waveguide. The dashed line indicates the light line. Introduction
of the defect results in a guided band lying inside the band gap.
Slow-wave mode represented by this band is localized within
the defect, as shown in Fig. 2. Phase velocity of this wave is
about 0.17¢ for the 2™ spatial harmonic (see the top inset in
Fig. 1). In a terahertz band the lattice constant should be about
tens of microns.

lll. Conclusion

There are terahertz slow waves in the corrugated photonic
crystal linear waveguide. Thus the non-relativistic prolonged
beam-wave interaction can be realized in this structure as well
as in the photonic crystal with a triangular lattice of holes.
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