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Hukreleva V.|
Kharkiv National University of Kon
K A. Karazin Kharkiv Nationa,

ASPERSION CHARACTERISTICS OF THF Du.
WAVEGUIDES HOT°NIC CRYSTAL

pMonic crystals arc artillcial periodic s.rueiurca wi.h «

m are « d lor numerous applicalio,,s jn ' Tcrent d,mensio,,ali,y.
f,pl,cnl.ore resonant and waveguiding structures can he 1, " 21
fkaonic crystals. These structures are formed through the ‘h' teiS °f
«,»didty in photonic crystal structures localization r lInear defects or

,»hm defects areas is due to ph,,,onic band gap

localization CaN be achieved in this case. «nciency

Operation characteristics of nhothmV I . .

P or pnotton.c crystal waveguides are defined by

configuration o guiding structure and material parameters. In this work we consider
jinar photon,c crystal waveguides which channels arc filled with different media

Fig. la and Ib shows two schemes of photonic crystal waveguides with
dielectric and hollow waveguide channel respectively. It is obvious that a photonic
aystal with triangular symmetry is used. It is formed by a system of hollow cylindrical
hes in the dielectric medium. The black color in the figures corresponds to the
dielectric with permittivity e = 12, and the white color corresponds to the vacuum. The
structure considered in the paper is two-dimensional. All geometric dimensions in the
simulation of a photonic crystal waveguide are normalized to the structure
paiod  This allows us to apply the results of the calculations to the analysis ol
photonic crystal waveguides in different frequency ranges. Normalized diameter of the

Mow holes is equal /¢/ a = 0.4*5.

| ig 1. Schematics of the photonic crystal waveguides
21



Ihr MIT rhotonu Hands computer package wan used ftc

ot the photonic crystal and its dispersion eh* ™ ke ™
' Umns o f the pnoiumw f2]1
| * “7 1 » , the N “o VM.l »»vcgui<ic
"o Thc shadcd area ... «Hed agram shows the photon* bwKlto h*
dietec,, et,, ,n.K ..... te lllc ,,hsci»» «x,». IV vy., X,
nt>nnal,/c<*" There iirc scven.l dispersion curves in the band gap i
m'n"*"/0d .olhc soexiled "dcfocuve" IIKtdcs of the Photonic crysul

rr t"on,ccryS,.1-c gu,d.i.mi  n,.* inthisc«. mn,i.i. duetollieug
with a .ufT.ccntly hitch pcnn,tl,v,ty an,lthc corresponding v,|ue ;..

waveguide channel width.

Lei's consider photonic crystal wavcgu.dc w.th hollow channel. The schemey¢
Lhis waveguide IS presented in Fig. Ib. Hollow waveguide channel has several
advantages over a dielectric one. First and foremost is the reduction of losses in ,hc
respective frequency bands. In addition such a design allows thc passing of electron
beams through thc waveguides or to place in them various investigated elements.

There is only one mechanism for localization of electromagnetic energy ina
hollow-channel photonic crystal waveguide. 1lhis isa photonic band gap. Total internal
reflection is absent because the dielectric constant of the waveguide channel is less
than thc effective permittivity of the clad. In addition, the electrodynamic
characteristics of the structure change significantly. This is due to the fact that the
wavelength in the hollow waveguide channel is equal to the wavelength in free
space Therefore, the width of this channel may be increased while maintaining single-
mode regime It should be noted that the wider waveguide channels greatly facilitate

he transmission of linear beams of charged particles.

(>3 0) Q!
ka/Zn

1 2 Dispersion diagrams of the photonic crystal waveguide
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Fig 2b shows dispersion diagram of a hollow-channel photonic crystal
iu.?u,dc. There is only one dispersion curve within the photonic band gap in this
rhus photonic crystal hollow waveguide is single-mode. Moreover waveguide
YH, in this structute is limited not only by wave number but also by frequency. The

~ Kvidth of 'he waveguide is in the interval 0.3 < ~

< 0.43. This means that the
2nc

lyjnjwidth ot the waveguide is less than the width ot the photonic band gap. Therefore,
Jun this zone, the photonic crystal waveguide has an effective critical frequency
, Klic. Tliis phenomenon is used in the development of various elements of optical

eeuide paths, which requires switching of signal transmission through waveguide

nannels. The waveguides considered in the work have the same width of the

waveguide channel. But they are quite different in the operating regimes. The dielectric

channel waveguide is multimode, and the hollow channel waveguide is single-

mode. This result must be taken into account when designing devices based on these

photonic crystal structures.
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