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.\bstract

'I hrcshol({ \'alncs of refra(li\r inde\ contrlst foI opcning a complete photonic blndgap in t$o dimcrrsional (2-l))
photonic cr'\strls ha\c bccD calculrtcd Jir lr\o strlrctures, square dielectric rod irr air background and square rir
hole in diclcctlic bacliground. Conscqucncc of Yarious pirametcrs 0n th'r threshold \lllue lil(e rod/,Iil holc
orienlntion angle, tllling fraction havc also been in\estigatcd. Ihese results r\ill be uselul in fabricating planrr lo\r-
indc)r phot0nic cl \ slal structures.

Kcr*ortls: thlcshold leliaclrlc inclcr. completc phoiorric

hrn(lgap. oricnlalion rngle. l"rlling liactron

l. l otroductio :

liirolonic cryslal is a pcriodrc uarlostrLrclLrrc lhal cel alli-ct
::rl 1'r'oplgation of photon in nllrch the sanlc \\ay a

..nllcorlductor allccts the proprrtics o1-ar electron l1]. Il'
r..' pclioclicitv and svnrmettv of thc' cr)'stal and the
r:.laclric collstants ol thc matr-lials Llsed are chosan \e11.
' .' brnd slruclurc ol- srrch a crystal sho\\s a photonic
-,rrlgap (J']t3(1) Ibr onc ol both pohlizations. i.c. at
- .'rculal licqucncics liehl 1'rlopar:.atrorr is plohihrtccl in an1

: :..1ion iu thc cr)stal Whcu lhe ba[clgaps lbr 1N! clillclcnl
- :.rrrzalions (llr & 'lV) ovcrlap. they crcale a conrbincd
-.-rrJlap l(noNu ascolrplctc photonic banc1 gap l2l. Sclclal

: rrlLues alc kuo\\,n 10 posscss photonic bancl gaps lbr one
these polarizrtLons ancl lirr both polarizatlons

::Lrllnt'ousl\. ls examinccl c onpr chcnsir e'ly lol hrgh
:rs o1 1hc reliactire-rndcr ralio ir1 thc t\\o dinrensional

. :rrrtr v l3 ].

2.1 Square diclectric rod in ail bnckground:

l'irst. \\ e considcr a t\\,o (Ljn]cnsional photonic cr),stal
created b1 a sqLlare lattrce ol dielectr ic lod in air

backglound. lhe pliobnic band rs a dispcrsioD relalion
bctu'een fiequenc,v. irl ald *avc vcctor'. /i.

2.1.1 I hreshold value of relractilc indcn:

l'hotonic crystai stluctLrrc withsqLLarc diele0tric rod in a]I
backgroLrnd has bccn coDSi(lered *tich possesses thc
maxinurm conrplete banclgap ibr 1i11ing fiaction. / 0:17
and rir holc oricnlation anglc. 1/ - 0" l3l

l-his stnrctllrc sho\\sthc llucshol(l vaLue o1 1hc diclcctIrc
constart. 6.10(lrig. 1.1) lbr opeDing r eorrplele photonic
bantlgap. ufirch equatcs lo a reiiactile lndc\ conlrasl ot'
2.,169 E 2.

l rlr! ,l.r..r..l r.-.rl . r'r rrc llrL, r\ ',t plrot,' .. , \ Jl.
':: cristencc of thc critical (rrinimnm) \alile oi the : r:
.--trrc jrdex conlrast lcr opctr a lirli s])ecllal bandgap in a t
.- .limensional gcourclly l-11. l;ol cxamplc. rs $asilrst i" '

:r bv IIo cl r1. 15. a diamold slructurc rcquires the : ,
::runr rclracti\c index conlrasl lalgcl than 2. Similally.
'r.'shold valucs of the rclractivc indcr a|peal in the iLi5

,rl t\\o dinicnsional photooic cr)'slais l6l
- i.rLprr- 1\\o sl]1rctu|es N'itlt sqLLare lattice: sc]!rar,: aiI
:.-ltlcctlic backgr-orLnd aDd sqLlare ciielectric rod il air

'-: ,:rrd harc beei rl\estisalcd to fi]ld the t]leshold
: r.lirclive ildcr contrasl lbl opening a conplete

-:_ (r\rng planc \\'alc exparsion mcthocl. Scprare

: - lr.rs choscn becaLrsc- qhcn thc latticc ancl roiliair'
rirc sanre svr[r'r'rct|y thc stl-r.lctluc has shoun lhe
-.I,lllp lll. "P\\/]l bancl sollcr' ol thc soll\\'are

r.ul l) ll)r\r has bccn uscd tbr thc b|Lnd dlr-gram
l:r this sinrulallor hybriLl polalization is

:lr llr.sh sizc. 16i16 rnd tolcrance. c- .
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i
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l-ig. l.l: Dcpcndcnce of lhe b!ndSep rrrdth j:: on lhe drclcctrc
conslant. i; of thc clrclccLr rc rod

'l'hus- there lvrll liot bc any corrlplelc photonic baudgap lor
dielectric constaut. r, 6.10 or less. lhetcfdlc. il is sale to

nrle oLrt atlerrpls at plodLLcirlg photonic bandgap der iccs tn

an) s)slem \i1h ir Icliactirc LDclex lo$er' lltalt thls llLIll.
I'iclue 1.2 displays thc bancl diagram lbr sqrLarc dtelccltic

rocl uhich ha\e the pcrmittivily. r: " 6.10 \'ith/ 0.;li and ll
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2.2 Square air hole in dielectric background:

Next, we consicler a two djmensional photonic crystai

cteated by a square lattice of scluate air hole in dielectric

background.

2.2.1 Threshold value of refractive index:

This structure with square ait hole in dieleclric backgroturd

exhibits the maximum con.rplete bandgap with hllrng

fiaction /= 0.68 and air hole orientation angle 0 : 30" [8]

The structuIe exhibits the threshold value of the dielcctric

constant, 7.10 (Fig.2.1) lor opening a complete photonic

bandgap, which ecluates to a refiactive index conhast of
2.66458.

!ig. 1.2: l'he bancl stfuclLll-c lot scluare dielectric rods (lor

clrelectr ic constant. c = 6. I ) in ail backgrorrrrd for fillirrg fraction' /
.0 47 and rod orientation angle, d = 0o

Depenclence of tlueshold dieicctric constant on olientation

anglc and filling ftaction has shown in the figure 1 3 and

{igure 1.,1 respectivelY.
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li'ig, 1.3: l)cper.rdcnce of tlueshold dielectric constant' t on

the orientation angle, d (with filling fiaction, /: 0 47)
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fig. l.-l: Dependencc of thrcshold dielcctrlc constant' t on

fillrng liicron- / ($iih orientation angle 0 " 0")

Fig. 2.1: Dependence of the bandgap width,3r': on the

dieiectric constant. e of the background matelial

Thus. there will not be any complete photonic bandgap for

dielectric constant, 7.10 or less. Figure 2 2 displays the

band diag|am for background dielectric constant, t =

7.lOwith f =0.68 anc10 = 30". This plot is generated by thc

'PWE Band Solver Sin.rulator ' of the software opliFDTD rM

by plane wave expansion methocl (PWE).

Fig.2.2: The band structure with comPletc photonic band gup for

square air holes in material of dielectric consiant' t = 7 l lor filling

fraction, f= 0.68 and air hole orientation angle. d= 30"
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Dependence of tllreshold dielectric constant ol] orientation

engle and filling fraction has shown in the figure 2 3 and

igure 2.4 respectively.
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Fig. 2.3: Dependence of threshold dielectric constant, 6 on th€

,r-:enration angle. 6 (with filling fraction. t= 0.68).
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I-p. 2.{: Dependence of threshold drelectric constanl, L- on the

' -: fraction, / (witl'l orientation angle d - 30').

f, Conclusion:

i-- bandgap properties of two dimensional photonic

r:-'!lals created by square lattices of dielectric rods in air

:q:kground and air holes in dielectric background, for

,airrent refractive index contrast, have been investigated

3. :educing the refractive index fiotr some lalge values

: -l ior Si) to lo\\'er values slightly above the threshold, it
::c :.e possible to obtain far mor-e fabricable peliodic

,rru:lures for experiment due to an inclease in the

r:rr:lrngrh-to period ratio [9] alld also it can also be

lursal,leto fabricate planar photonic crystals structures based

r.eBlecfic matelials with low refractive index contrasts


