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PaccmaTpuBaeTtcs NpoxoxXaeHue Yepes ABYMEPHbIN
$POTOHHbIV KpUCTaNN rayccoBa UMMy/bea,
CrneKTpasibHbI COCTaB KOTOPOro COOTBETCTBYET

KaK paspelleHHbIM, Tak U 3anpeLLeHHbIM A
NPOXOXAEeHUS U3JlyYeHU s B KpUCTaJle AManasoHam
yacToT. [okasaHa BO3MOXHOCTb JIoKannsauum
M3y4eHUs BHYTPU GOTOHHOI0 KPUCTaI/Ia KOHEYHbIX
pasMepoB, YTO MOXXHO TPaKTOBaTb KaK YMeHblUeHue
CKOPOCTU pacnpoCcTpaHeHUs curHana.

OTOHHBIe KpHUcTa/lIbl (PK) - aKTHBHO HCCIIe-

OyeMBIM B IOCHAeAHHe TOAbl KIacC HCKYC-

CTBEHHBIX OOBEKTOB, IIPeACTaABISIONIUX
coboil meprHogHUYecKHe CTPYKTYPhl C XapaKTepPHBIM
MacmTaboM HM3MeHeHHS 371eKTPOPH3MYeCKUX IIapa-
MeTPOB, COIIOCTABUMBIM C IJTHHOUN BOJIHBI U3/Iy4eHH .
9T0 00yC/IOBIMBAaeT HAJIM4YHe 30HHOM CTPYKTYPHI
CrlekTpa mpomyckaHus K, BKIOYAOMEN K 3aIpe-
IleHHEbIe 1714 IIPOXOXKAeHHUS H3/IYYeHHUs NHUalla30HEI
YacTOT, B IIpefie/laX KOTOPBIX IIOJIHOCTBIO IIOJABJISI-
eTCsl pacIIpoCTpaHeHHe U3/ly4eHHUH B KpHUCTaJlie, 4To,
B YaCTHOCTH, [e/laeT BO3MOXKHBIM YIIPaBJIeHHe CKO-
pPOCTbIO cBeTa B HeM [l]. [JMCIIepCHOHHBIE CBOMCTBA
®K IpUBOAST K HEOOBIYHOMY XapaKTepy OTpPaskeHHH
U [Ipe/IOMJIEHHUH Ha IPaHUIAX TAKUX CTPYKTYP AasKe
OIS TapMOHMYECKHX 31eKTPOMarHUTHBIX Koseba-
HuH (2, 3]. Eme 6osee nHTepecHble 3ddeKTHL ClenyeT
OKMJATh OT B3aUMOJEHCTBHUS C TAKUMHU 00BeKTaMU
MMIIYJIbCHBIX H3JIy4eHHH. [IpOMJUIIOCTPUpPyeM CKa-
3aHHOe, PACCMOTPEB CIeAYIOLYIO 3a7a4y.

Ha rpaHHLYy [OBYMepHO-IIePUOLHUYECKOTO HH3-
JeKTpHUUYecKoro KpHcTasana (puc.l), obpa3oBaHHOIO
UHIHHIPUYECKUMH 3JIeMeHTaMU KPYTOBOI'O IIOIle-
PedHOro CeYeHHs C JH3/IeKTPHYeCKOH IIPOHHUIIAeMO-
CTBIO, paBHOM 13 (apceHM A, Talnus), NafaeT II0cKas
3JIeKTPOMAarHUTHas BOJHa, COOPMHPOBAHHAS B BH/JIE
rayccoBa MMITyJIbCa:

u(t)=exp(-(t-ty)?/a?)cos(wt-kr),

rge t, — BpeMeHHAas IIOABH>KKa HMIIyJibCa OTHOCH-
TeJIbHO HYJIEBOIO OTCYE€Td, 4 — HIMPHHA HMIIYJ/IbCA,
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LOCALIZATION
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A single Gaussian pulse propagation through a two-
dimensional photonic crystal the spectrum of which
corresponds to the same time as the permitted

and forbidden frequency ranges for the passage of
radiation in the crystal are considered. The possibility
of radiation localization within the photonic crystal of
finite dimensions is shows and it can be construed as
signal propagation velocity decrease.

he photonic crystals (PC) are the class of

artificial objects actively researched in recent

years and representing periodic structures
with the specific scale of electrophysical parameters
change comparable to radiation wavelength. It
causes the existence of the band structure of a
photonic crystal passing spectrum including also
the frequencies ranges forbidden for radiation
propagation within which radiation propagation in
a crystal is completely suppressed that, in particular,
makes it possible to light velocity in it [1]. Dispersing
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Puc.1. KoHuenmyanbHas cxema paccmampueaemoui Cmpyk-
mypbl (CMpeAKamu YKa3aHo HanpasneHue Npuxoda 60AHbI;
Uudpel yKkasblearom mMecmononoxkeHue mo4ex HabAoeHus
noas)

Fig. 1. Conceptual diagram of considered structure (arrows
show the direction of wave arrival, the figures indicate the
place of field measuring points)
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® - IUKJIHMYecKash 4acToTa, K - BOJIHOBOe YHCIIO
B MEXK3JIeMEHTHOM IIPOCTPaHCTBe, I — KOOpAHHATa
BJIOJIb HaIlpaBjIeHMs PacIIPOCTPAHEHUS HMIIYIbCa.
PaccmaTtpuBaeTcs E - MOASpU3alvs U3TyYeHH .

[NonmoxkuM, 4uto mnepuop K cocrtaBiger 1 MM,
paguyc snemeHToB - 0,15 MM. [I/ig 3THUX [IapaMeTpPOB
FDTD-MeTozmoM (MeTof, KOHEUHBIX Pa3HOCTeI BO Bpe-
MeHHOH 06/1acTH) BBHIIIOJIHEH pacdeT YPOBHS OIS
3a OK (puc.2), mpoJeMOHCTPUPOBABIIUIN Ha/lH4He
ONHOM IIOJHOM 3aIlpellleHHON 30HBI (B IIJIOCKOCTH,
[IepIIeHAUKYJISIPHOM OCSIM 3JIeMeHTOB) B CIIeKTpe cob-
CTBEHHBIX cOCTOSIHUK ®K, pacrosnaraoolnencs B gHUa-
ma3o”e 100-140 I'T1r.

BBISICHUM 0CO6eHHOCTH IPOXOXKAEHHSI dYepe3
paccmarpuBaeMbli ®K HMITy/IbCHOIO H3Iy4YeHHS,
CIIeKTPAJIBHBIM COCTAB KOTOPOTO COOTBETCTBYeT pas-
JUYHBIM Y4YacTKaM IIOJIy4eHHOM YacCTOTHOM Xapak-
TePUCTUKHU. [IJIs 3TOr0 MCIIO/Ib3yeM IayCCOB UMITYJIbC
CO C/IeAyIOIMUMU MapaMeTpaMu: ty=25 1c u a=10 1c.
IIpy TakOW MOJIUTENBHOCTH CHUITHaJla LIIMPHHA €ero
CIIeKTpa II0 YPOBHIO €12 0T MaKCHMaJIbHOTO COCTaB-
nset 140 ITh. YactoTy KonebaHUM, GOPMHUPYIONIUX
HMITyJIbC, IMOJMIOKUM paBHOM 110 ITi, T.e. cooTBeT-
CTBYIOILleH 3aIlpelleHHOU 30He.

Ha pwc.3 npuBeneHbl pesyjabTaThl MOJEIMPOBA-
HH4, II0JIy4eHHBIe 3a mpefenaMyu OK B Toukax 1 u 2
(cM. puc.l). JaHHBIe ¢ 06/1y4yaeMOM CTOPOHBI CTPYK-
TYpbl JIETKO HHTepIIpeTHpPyeMbl. IIOCKONBKY Ccyle-
CTBeHHAas YacCTh CIIEKTpa CHIHaja IIPUXOSUTCSA
Ha 3alpelleHHYI0 II0JIOCY YacTOT, Habiroomaercs
OOMHOYHBIN OTPa’keHHBIM CHUIHaJI 3HAYMTeIbHOM
AMIUIMTYAbl U JIATEIbHOCTH, OIM3KOM K IIHUTesb
HOCTH Majampinero Ha ®K wmmiynbca. 3TO FOBOPUT
0 TOM, 4YTO H3ny4yeHHe B @K HpoHHKaeT He3HaYH-
TeJbHO, MCIIBITHIBAS OTpPaskeHHe MPaKTHUYeCKHU
Ha ero rpaHulle. [loBefjleHHe BpeMeHHOM 3aBHUCH-
MOCTH, IOJy4eHHOM C APYroM CTOPOHBI KPHCTalla,
BBIIVISIIUT He CTONb OYeBUAHBIM. IIpoOIIefUIMIN CHI-
Ha/l MMeeT MaJIyl0 aMIUIMTYAY U JOCTHUIAeT TOUKHU
Hab/II0IeHN sl B MOMEHT BpeMeHH, COOTBETCTBY IO
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Puc.2. YacmomHas 3asucumocms YposHs noas 3a OK, nony-
yeHHas 8 mouke 2 (cm. puc.1), yKasblearowds Ha CyLLecmeosa-
Hue NoAHOU 3anpeLueHHOU 30HbI
Fig. 2. Frequency relation of field level beyond photonic
crystals achieved at point 2 (see Fig.1) indicating occurrence of
complete band gap

properties of photonic crystal result in the unusual
reflection and refraction pattern on boundaries of
such structures even for harmonic electromagnetic
oscillations [2,3]. Interaction of pulse radiations
with such objects should cause more interesting
effects. Let us illustrate the observed information,
having considered the following task.

A plane electromagnetic wave formed as a Gaussian
pulse is incident on the border of two-dimensional
periodical insulating crystal (Fig.l) formed from
tubular elements of circular cross-section having
dielectric capacity of 13 (gallium-arsenide):

u(t)=exp(-(t-t,)?/a?)cos(wt-kr),

where t, is temporary pulse movement corresponding to
zero reading, a is pulse width, w is a circular frequency,
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Puc.3. BpemeHHble duazpammbl, noAy4eHHble 8 MOYKAX HABAKOEHUS, pACNOAd2atOULUXCS BHE CMPYKMYpPbl
Fig. 3. Time charts achieved at measurement points placed outside the structure

CKOPOCTH €ro pacIIpoCTPaHeHHs CO CKOPOCTBIO CBeTa
B cBobogHOM IpocTpaHcTBe. ONHAKO U3 BpeMeHHOHN
JrarpaMMbl ciienyeT, 4To 4epe3 100 Ic [0 TOYKH
HabIIomeHUs LOXOOAT TOMBKO HM3KOUYACTOTHBIE KOM-
IIOHEHTHI MCXOJHOTO M3JIyYeHMsI, COOTBETCTBYIOIIME
paspemeHHoM 30He ®K, a OCHOBHOM HpoOLIe[IINUN
CUTHa/l HauMHaeT QOPMHUPOBATHCS TOJABKO B palioHe
250 11ic. OH mpencTaBiasieT cobo1 Ioc/Ief0BaTeIbHOCTD
"KOJI0OK0/I000pa3HbIX' HMIIYIbCOB, HMEIOIYI0 3KCIIO-

k is a wave number in interelement field, r is a
coordinate along the pulse of propagation direction. E
polarization of radiation is considered.

Let us suppose that photonic crystal phase is 1 mm,
elements radius is 0.15 mm. For these parameters
the calculation of field level for photonic crystal is
performed by the FDTD method (Fig. 2) which showed
the existence of a single complete band gap (in the
plane, perpendicular to axes of elements) in a range
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Puc.4. BpemeHHble dudzpammbl, NOAY4eHHbIe 8 MOYKAX HA6AOOEHUS, pacnoAd2aroLLUXcsl BHympu CmpyKmypei
Fig. 4. Time charts achieved at measurement points placed outside within the structure
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HeHIIMa/lbHYyI0 orubaiyo. B ILiejom 3Ta KapTHHa
HaIlOMHHaeT 6ueHHs 6M3KHX 10 YaCTOTe TapMOHU-
YeCKHUX IIPOLIeCCOB, 3aTyXaloIHe BO BpeMeHH.

s yTo4HeHHs QU3HYIECKOM KAapPTHHBEI B3aKMO-
JeHCTBUS uMIynbca ¢ PK pacCMOTPHUM aHAJIOTHUYHbBIE
BpeMeHHBbIe JHATPaMMBI, HO IIOJIyYeHHEIe Y5Ke B TOY-
Kax 3 u 4 (cMm. puc.la, b), T.e. B CTPyKType Hemocpes-
CTBeHHO BOJIIM3HU ee TPaHUII.

OCHOBHOe, 4YTO C/efyeT U3 3THX 3aBUCHUMOCTEeH -
3TO coBmaZeHHe GOopMbI KolebaHUM 3a IpelenaMu
®K ¥ BHYTpPHU Hero, HO CyIlleCTBeHHOE pas3jihyHe
B aMIUIMTYAHBIX XapaKTepuCTHKax. Tak, Ipu
BhIXoZe U3 OK aMIIMTyJa [0 B MaKCHMyMe CHUI-
HaJia BHYTPU CTPYKTYPEI B 5 pa3 IpeBhIIIAeT COOTBET-
CTBYIOUIHUH YPOBeHb 3a ee IIpefie/laMHu. ITO 03HA4aeT,
YTO KPHUCTA/UI CHJIBHO PaCCOrIacoBaH C OKpYyKaio-
MM IIPOCTPAHCTBOM, a CJIef0BaTe/]bHO, BOJIHA,
BolIeAIass B CTPYKTYPy, 3beKTHBHO OTpa’kaercs
ee TPAaHMIAMH U JIOKAJIH3yeTCd B Hel B Te4yeHUe
IIPOJO/IKUTE/IPHOIO BpeMeHH. IIpu 3TOM MPOCTpaH-
CTBEHHO orpaHh4eHHBI ®K mnpencTaBiseT coboi
cBoeobpasHbIl pe3oHaTop Pabpu-Tlepo. Kpome ToroO,
COIMOCTaBJIsAA IIpeACTaB/ieHHble BPeMeHHBbIE 3aBH-
CMMOCTH, BHJIHO, YTO IIPH [ABHKEHHH H3JIYYeHHS,
HalpuMep, B obpaTHOM HampaBieHHH I0 PK ero
AaMIUIMTyOa H3MeHsSeTCsd BeCbMa He3Ha4YHTe/bHO
(ormeTku 540 mc Ha puc.4a u 295 mc Ha puc.4b). 3to
HeXapaKTePHO A/ [OBeIeH s BOTHOBBIX ITPOL@CCOB,
YaCTOTa KOTOPBHIX CTPOro YK/IAAbIBAETCSA B IPAHMIIBI
3anpeleHHOM 30HBI ®K, - Kak H3BeCTHO, B 3TOM
cay4ae HabmoaeTcs SKCIIOHeHIIMalbHOe ybbIBaHMe
I10J1s [0 Mepe IIPOXOKAEeHMUS Yyepes3 KPUcTall, Qusu-
YyeCKH CBSI3aHHOe C Op3rroBCKUM OTPaskeHHeM BOJH.
B paccMaTpuBaeMOM CHUTyaIlUH TaKoe ocnabieHue
TaK>Ke IIPOMCXOAMT, HO TOJIBKO IIPU IIPOHHKHOBEHU U
uMIyiabca B @K, a 3aTeM ypoBeHb H3JIy4eHHUS yKe
He yObIBaeT 3KCIIOHEHIIMAJIBHO, a JIHIIb MeJJIeHHO
YMEHBIIIAeTCH 32 CYET BBITEKAHUS SHEPTUH Yepes
TPaHUIBl. BaskHO OTMeTHUTh, UTO OIM3KHEe aMIIIH-
TyAHBle XapaKTepUCTHUKH CHUTHalIoB 6yayT Habmro-

i g

of photonic crystal proper state which is located in the
range of 100-140 CHz.

Let us clarify the features of propagation through
concerned photonic crystal of a pulse radiation the
spectral content of which corresponds to different
sections of received frequency response. Let us use
Gaussian pulse having following parameters: t,=25 ps
and a=10 ps. With such signal duration the width of
its range on e2 level from maximum level is 140 CHz.
Oscillation frequency that creates the pulse should be
accepted as 110 GHz, i.e. corresponding to band gap.

The simulation result received outside the photonic
crystal at points 1 and 2 are given in Fig. 3 (see Fig. 1).
Data received from the irradiated side of structure are
easily interpreted. As an essential part of a signal range
falls within the forbidden frequency band, a single
reflected signal of considerable amplitude and duration,
close to duration of the pulse falling on photonic crystal
is considered. This means that radiation penetrates
into photonic crystal slightly, having met the reflection
practically close to its border. The action of the
temporal relation received on the other side of a crystal
is not so obvious. The passed signal has low amplitude
and reaches measuring point at the point of time
corresponding to its propagation with light velocity
in the free space. However time chart concerns that
only low frequency components of initial radiation
corresponding to the allowed bands of photonic crystal
reach the measuring point by 100 ps, and the main
last transmitted signal begins to be formed only at
approximately 250 ps. It is the subsequence of bell-
shaped pulses having exponential envelope. In general
this image resembles beating of harmonic process
similar in frequency dying out at a time.

Let us consider similar time charts but those
received at points 3 and 4 (see Fig. 1), i.e. in structure
directly near its borders for specification of a physical
pattern of pulse interaction with photonic crystal.

The main aspect caused by these relations is the
coincidence of oscillations mode outside the photonic
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IAThCSl KaK B MeHee, TaK U B Oojee ITPOTSISKEHHBIX
CTPYKTypax.

B 3akjaiodyeHHe OTMeTHM CJeAywoollee. Bpems
[IPOXOKAEHUSI HMIIyabca dYepe3 @K, ompepense-
MOe II0 MOMeHTaM, B KOTOpble Habmlomancs Mak-
CUMaJIbHBIM YPOBEHb HU3/Iy4deHUs BOIM3M T'PAaHHUIL,
nub0o 110 IOSIBIEHUIO CUTHAIA, OTPAsKeHHOTO OJHOM
M3 TpaHeHM KpHUCTa/lla U BBIIIEAIIEro 4depe3 APy~
I'yI0O IpaHb, Ha COOTBETCTBYIOIIMX BpPeMEHHBIX AHa-
rpaMMax 3HA4YMTeJbHO IIPeBhIIIaeT BpeMsi, KOTOpoe
TpebyeTcss Ha MPOXOXKIEHHe TAaKHUX >Ke JUCTAHLHUN
BOJIHE B CBOOOLHOM IIPOCTPAHCTBE. DTO IIO3BOJISET,
B IIPUHIIUIIE, TOBOPUTHh 06 yMEHBIIEHHUHU TPYIIIIO-
BOM CKOPOCTH H3JIy4YeHHs, paHee IIOAPOOHO paccMa-
TpuBaBleMcsi B PK ¢ THHEUHBIMH AedekTaMu [4].
[Ipu 5TOM HeBepHO B JAHHOM C/1y4ae 6ymeT rOBOPUTH
0 3aMe[JIeHHHU CKOPOCTH IIPOXOXJEHMS CHUTHalIa
yepes OK, paccMaTpuBas ero Kak HeKOTOPYIO cpeny
¢ 90deKTHUBHBIM II0Ka3aTesaeM IpeJOMJIeHHUS, OTIH-
YAIOMIMMCSI OT COOTBETCTBYIOIIEM XapaKTePHUCTUKU
OKpY’KaloIllero IpocTpaHCTBa [5]. Bo-mepBbIX, BBIIIE
II0OKA3aHO, YTO OT/e/JIbHbIe COCTAB/IAIOIIME CHMTHaIa
IOBUKYTCS CO CKOPOCTBIO CBeTa B IIYCTOTe. BO-BTOPHIX,
LISl CIIeKTPAJIbHBIX COCTABISIOMIMX CHIHala, COOT-
BeTCTBYIOLKX 3allpellleHHOH 30He, [IOHSATHe IPyIIIo-
BOM CKOPOCTH BoObIIe He MeeT CMBIC/IA (MJIH cllefyeT
roBOpUTh 06 ee GMIM30CTHU K HYIIIO), IIOCKOJIBKY KaK
TAKOBOT'O PaCIIpOCTpaHeHHUs Hu3nydeHUs B OK B aToM
JHalla3oHe YacTOT He IPOUCXOAUT. [I03ToMy HeKop-
PeKTHO B HallleM cJy4ae TPaKTOBaTb pe3yJbTATh
MOJle/IMPOBAHUS U KaK YMeHbllIeHHe CKOPOCTH BCero
BOJIHOBOTO IIaKeTa, KOTOPBIM SIB/ISeTCS, IO Cyle-
CTBY, TayCCOB HMIIY/IbC, IIOCKOJABKY pacCMaTpHBa-
eTCd MOCTaTOYHO HIMPOKOIIOJIOCHBIM CHTHAJ, JHIIb
YacTh CIEeKTpPa KOTOPOro yK/IAABIBAETCSI B TPAHUILIBI
3ampenieHHOMN 30HbI. Ha Hall B3r/Is[, BepHee Habio-
JaeMble pe3yabTaThl OXapaKTepH30BaTh KaK JIOKa-
JIM3AIMI0 TayCCOBA MMIIYJIbCA C YaCTOTOM BO3bOyKIe-
HUSI, COOTBETCTBYIOIIEH [I0THOM 3allpelleHHOH 30He,
B IIPOCTPAHCTBEHHO OrpaHuYeHHOM ®K.

Paboma sbinoaena npu purarcosoli noddepskke PODPHU 8 pamrax
Hay4Ho20 npoekma Ne 15-47-04315.
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crystal and within it, but there is the essential
distinction in amplitude characteristics. So, at
photonic crystal output the field amplitude in a signal
maximum within the structure is 5 times more than
appropriate level beyond its limits. This means that
the crystal is mismatched strongly with external
environment, and accordingly, the wave entered into
the structure is reflected effectively by its borders and
has been concentrated in it for extended periods of
time. At the same time spatially constrained photonic
crystal represents a peculiar resonator of Fabry-Perot
resonator. Besides, comparing the provided temporal
relations, it is obvious that at radiation movement, for
example, in the opposite direction on photonic crystal
its amplitude changes very slightly (points of 540 ps in
Fig. 4a and 295ps in Fig. 4b). It is indistinctive for wave
processes action the frequency of which is strictly laid
down in borders of the band gaps of photonic crystal,
and as is well-known, in this case field’s exponential
decrease is considered in process of passing through
a crystal, physically connected to Bragg reflection of
waves. In the considered situation such loosening also
happens, but only in case of pulse penetration into
photonic crystal, and then study level doesn’t decrease
exponentially any more, but only slowly decreases
by means of energy effluence through borders. It is
important to note that the similar amplitude signals
characteristics should be considered both in less and in
more extensive structures.

In conclusion we should mark the following
information. Time of pulse propagation through
photon crystal determined on moments at which its
maximum radiation level was considered near borders
or at appearance of a signal, reflected by one of crystal
edges and escaped through another one in appropriate
time charts considerably exceeds the time which is
required for wave to pass the same distances in the free
space. This allows basically referring to reduction of
group radiation velocity considered earlier in detail in
photonic crystal with the linear defects [4]. At the same
time it is incorrectly in this case to consider it as some
medium with active refraction index differed from the
correspondent feature of external environment [5]. First,
it is shown above that separate signal components
move with light velocity in a vacuum. Secondly, the
concept of group velocity generally doesn’t make a
sense (or it is necessary to consider its proximity to zero)
for the spectral components of a signal corresponding
to the band gap, as radiation propagation in photonic
crystal in this range of frequencies doesn’t appear.
Therefore it is incorrect in our case to treat results of
simulation and as the reduction of speed of a total
wavepackage which is, in essence, Caussian pulse
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i % (emToCeKyHAHbIE 1a3epbl v UX
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NpUIMALIAIOT NPUHATL Y4acTUe B TPAAULIMOHHOM m  GUOMEVLMHCKIE NPUMEHEHNS 1a3epOB; ONeKTPOHHAs MoyTa N4 3a5BOK U [AOKIAf0B:
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MepuumHe".  KondepeHums coctoutcs B8 O6b- m  TeparepLieBble CUCTeMD,; www.mntores.inlife.ru
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