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H u k r e l e v a  V .|

Kharkiv National University o f  K ' N '

K /V. Karazin Kharkiv Nationa,

ASPERSION CHARACTERISTICS OF THF D u .
WAVEGUIDES HOT°N IC  CRYSTAL

pMonic crystals arc artillcial periodic s.rueiurca wi.h «  
m  are « d  lor numerous applicalio„s jn ' Tcrent d,mensio„aJi,y.

f„pl,cnl.ore resonant and waveguiding structures can he 1 , l ' '  21
fkaonic crystals. These structures are formed through the 'h'  te iS  ° f
«„»didty in photonic crystal structures localization r  llnear defects or
,„hm defects areas is due to ph„,onic band gap
localization can b e  a c h i e v e d  in  t h i s  c a s e .  « n c i e n c y

Operation characteristics o f  nhotnmV ior pnoton.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 lb shows two schemes of photonic crystal waveguides with 
dielectric and hollow waveguide channel respectively. It is obvious that a photonic 

crystal with triangular symmetry is used. It is formed by a system of hollow cylindrical 

holes 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 

period I his allows us to apply the results o f  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.

I ig I. Schematics o f the photonic crystal waveguides
21



I hr M IT  rhotonu Hands com puter package  wan used  tc
ot the photonic crystal and its d ispersion  eh**»  * '!tcrr îh*. . .  racteri*Uc, f4j »K

it*
are.
Ufe 

Of the

o f

' Umns o f  the pnoiumw
I *    “ 7 1 » ,  the   N .    “ I "  “ V M .I » » vcgui<lc

" *  Thc shadcd area ... «He d.agram shows the photon* bwKl to h *
dietec„  et,,,n.K  ......  te lllc „hsc i»»  «x,». I V  y.  , x„
nt>nnal,/c<*"  Thcrc iirc scvcn.l dispersion curves in the band gap

m'n'“ " /0d '.olhc so ex iled  "dcfocuve" IlKtdcs o f the Photonic crysul
r r (r ^ o n , c c r yS, . 1- c gu , d . i . mi n , . *  in t h i s c « .  ■ n ,i.i. duetollie «

w ith a .u fT .ccn tly  hitch pcnn,tl,v ,ty an ,I thc corresponding v , |ue

w av eg u id e  channel w id th .
Lei's consider photonic crystal wavcgu.dc w.th hollow channel. The scheme,,

Lhis w a v e g u id e  is presented in Fig. lb. Hollow w aveguide 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 o f  electromagnetic energy in a 
hollow-channel photonic crystal waveguide. 1 his is a photonic band gap. Total internal 
reflection is absent because the dielectric constant o f  the waveguide channel is less 
than thc effective permittivity o f  the clad. In addition, the electrodynamic 
characteristics of the structure change significantly. T his is due to the fact that the 
wavelength in the hollow waveguide channel is equal to  the wavelength in free 
space Therefore, the width o f  this channel m ay be increased  w hile maintaining single­
mode regime It should be noted that the w ider w aveguide channels greatly facilitate 

he transmission o f linear beams o f  charged particles.

0-> 0 ) Q-4
ka/Zn

1 2 D ispersion d iagram s o f  the photonic crystal waveguide

22
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Fig 2b shows dispersion diagram o f 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 

))H|, 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

iy jn jw id th  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 o f various elements o f optical 

e e u i d e  paths, which requires switching o f  signal transmission through waveguide 

nannels .  The waveguides considered in the work have the same width o f the 

w a v e g u id e  channel. But they are quite different in the operating regimes. The dielectric 

channel waveguide is multim ode, and the hollow channel waveguide is single­

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

photonic  crystal structures.

Литература:

I. Lourtioz J.M., Benisty H., et al. Photonic Crystals. -  Springer-Verlag, 2008. -

514 p.

2 Ozbay E., Tem elkuran B., B ayindir M. M icrowave Applications ot Photonic 

Crystals // PIER. -  2003. -  41. -  P. 185-209.

3-Johnson S. (]., Joannopoulos J. D. B lock-iterative frequency-domain methods 

J°r Maxwell’s equations in a planew ave basis // Optics Expiess. -1 0 ,

P- 173-190.


