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SUMMARY

The trsmission and reflection performance of complex photonic crystal strciures cr.;tqflrdd Inl dml:;t::ﬁ
waverwides are analvzed by means of a semi-analviic treatment based on previously derved o oz
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ABSTRACT
INTRODUCTION

Photoni crvetals (PhCs), periodic structures with a peried of the arder of the warﬂ!.'"_ulh_ Inf Iﬁl:l. have E::]tl::;
subject of an incrensing rescarch effort due to their abality for controlling the r'!mt u:-1'ilu_.ht.\ [ v.:.ir[, E||Tg“-|-||
conpling 16 & key feature to ensure their ophimuim |3-::|1'mrn.1nr-=_. In |_1.-|:-:|11 vedrs, & a}:.g:cr:r:iﬁ: f e
techniques have begn proposed and evaluated by means of simulation o improve 1 F[',hr.‘_'b*'r - and
However, only a few works have been focused on the medeling of the _1nrcr|‘a_r:e hr.jwr-:tn F uduu
calemal media (fiber or dielectric wavepides) [1-3]. The uml_:h:hn-__r of Fh circuits ““h. -:mr.-le!ﬂ al]m nl::;:;ri:;ﬁ
approaches iy significantly reduce the computaion time, which i usually very lang m cony '_-‘If“ Idnelﬂ-.-::::lllll-lpsgd-
metheds such as the finate-difference time-domain |I-DTDJ_ meihad [6]. In this paper, prf:l' I_m!"f eipernien.
form expressions for the transmission and reflection & an interface belween a dlc]etdru_. Mlﬂ.:h'u: :.a .
infinite PhC wavegnide are wsed 1o analyze more complex structures by micans of a senv-analylic trestment.

SEMI-ANAYTIC APFROACH

The propased approach is valid for any kind of complex structure as long as ‘hf-’ in_pus Tn:duu_ucI]msn:E ||:|-:1:»::
profile invariang along the propagaticn direction a_m_l the output medium is snml-m;n:el;;dpmn !Eg-i c:#:ndc
propagation direction or vice versa. The transmission and reflection matrices, denv ased on an &g
expansion technique and a Bloch basis 15,7], are defined as

=&, lll:‘r_R:IBqu.lr.'r;: Ly
Ry =Ry +T,8.T (2)
'R!.:IF =_[B- _H:IF-,] I{H+ _R:|F.:| ‘.3}

where /. and & are the forward and backward components of the forward propagating Bloch modes wh_lh:_f-'.
and B are the forward and backward components of the backward propagating Bloch modes. The transmission
and r\{.:l!r-:;liml matrices Tpa, Ta, Ky and &y depend on the structure _pl{med between thz u'--.a.n_n?u Iand ::mn:-
infinite periodic media and must be caleulmed with a numerical tool giving thus he _:..:m|-ar|.a1}.tl'if c-.-.::lrlai:;" ;
the proposed appreach. In this work, the forward and backward components of the Bloch modes ﬁﬁt 2 nnmlii:l
Tsy, Rep and Ky, matrixes were calculated with a frequency-dommn model based on a vectonal cige
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expansion lechnique, known as CAMFR and freelv available from the Internes 1B].Fig. 1(a} slows an example of
structure that can be analyzed. Tis, T fop and B are caleulated for medivm 1411 considering that the imp
inlerfice is a diclectric wavepuide and the ourput imerface is the laver with an invanam index profile that
depends on the oot position in the PhC wavepwide, as depicted in the middle part of Fig. 1{a}, The ransmission,
T, and reflection. ., matnices deseribe the coupling for light propagating from the invariant mediun {medinm |
i Fig. Ha}linto the periodic structure {mediam 17 in Fig. 1ia)) while the reflection matrix, o+ describes the
voupling for light propagating from the periodic medivm into the invariant medium, In the latter case, 1he
Irangmission matrix can be simply obiained by the transpose of 7 dug 1o the reciprocity theorem
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Fig. 1. (#) First anabyzed structure formed by a dicleciric waveguide coupled to a semi-infinite photenic cryvstal
(PHCY waveguide by using an especially designed two-defect configuration placed within a PhC 1aper 10

improve the coupling efficiency. (b) Transmitted power a5 a function of the normalized frequency for the
sirusture shawn in (a),

COUPLING INTO LINE-DEFECT PHOTONIC CRYSTAL WAGUIDES

The analviic expressions have been firsily used to analyze the steucture shown in the left part of Fig. Wa)
considering o Jum-wide dielectric wavepuide of silica (#=1.45) surrounded by an air claddding and a PhC formed
by a two-dimenssonal triangular lattice of dielectric reds of Silicon (n=1.45) embedded in silica. The radius of
the rads is R=0.2¢ where e is the latice constant, The structure shown in Fig. 104y was previously analveed by
means of FOTD sinulations in Ref. 9 The transmitted power as a funclion of the nomualieed frequency is
shown in Fig. 1(b), Semi-analyiic resulis are compared to FDTD simulations. In the later, the fundamental
mote of the dizlectric wavegiide was excited with & monochromatic continuous wave (CW) with normalized
power. The transmitted power was then crlculated by integrating the power A inside the PhC waverside. 1
an be seen that there is a very good agreement between semi-analvtic results and FOTD simulations

Fig. Xa) shows the spectrum of the reflected power into the dielectric waveguide Senv-analytic results were
caleulated By using (2). It is imponiant 10 notice that the 3pmewide diglectric waveguide iz multimade for the
frequency range of infesest. The waveguide supports two even guided modes below the frequency of 0. 3(a ) bt
three even guided mades above this frequency. In FINTD, the reflected power was obiamed by infcgrating (e
power flux slong the dielectric waveguide at a certain distance before the position of the light source. Therefore,
the pawer carmied by ench of the guided modes can not be separately calculated and only the woial power is
obtained. However, the analviic expressions allow calculatimg the reflection imo each one of the guided modes
In Fig 2(a), it can be seen that the power is not only reflecied into the fundamental mode bt it is spread into the
different puided mades that the dielectric wavepide supports. Furthermore, it is also shown that the sum of the
power carried by each of the guided modes is in agreement with the reflected power enlculated by FOTT, which
demanstrates the validity of the analvtic expressions.

The reflection into the PhC waveguide when the light propagates from the PR 1o the dislectric witveguide his
also been analyzed by using (3). Fig. 2(b) shows the reflected power as a function of the normalized frequency.
In this case, FOTD simulations results by using a monschromatic CW were nol necurate because the
Tandamental guided Bloch mode could not be excited within the P wavepnide. However, senfi-analvtic results
can still be validated by caleulating by means of FOTD the transmined pewer of o PhC waveguide af finite
length coupled to input and outpit dielectric waveguides uzing the optimized P wper. The stucture is the
same of that considered in Ref. 9. Semi-analviic results {solid line) show that there is 3 frequency range betwecn
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Fig. 3. (a) Second analvzed structure formed by a coupled-cavity waveguade (COW) coupled 10 a conventional
e L ——w am o M UF PO waveguide by using an adiabatic taper, The FhC waveguide is butt coupled 1o & 0 3pm-wide dielectric
— i TLE:] d TP : 1 2 At P :
£ - e R L E Eaprpearcy {AIN) waveguide by conveniently cheosing the ot position 10 achieve negligible reflection back 1o the CCOW. {b)
B e u ide a3 a function of the normalized frequency for the RtﬂtEtl:lﬂ pel;t':r‘intp the COW gs a ﬁmcli-:m of the normalized Frrqtlsflv:_'.lfnwnnsme:ring an adiabatie taper formied
Fae. 2. (2} Relected power o the diglectric wit\"-‘l_l‘:’::' sh::-.“'l" for each of the guided modes |nl:;l1: d1';1';"-;f:: by 9 antermedete rods with a linear variaion of their tadies. The wansmined power is also shown for the same
e J (3 & . 15 @& : sqmubanions, x g y ¥
: : (a). Semi-analynic ress : hat calculated by FOTR 51 srructure used to couple light into and owl a COW of finite length,
e depicred in Fig. Hal o eomaared to that © " o o
“n“:::ms- ; el s Tor the fotal sum of the puu.t:_. \kl-1l1_§: 1;1-11.:1;1.1-..'.“2{':1 frequency for the siruciare s]n;l-.;ﬂ
wirv EELINGE @S : ~ wavepuids &5 @ Tuneti cpide. The fransmi R
: ; o the Phis wavezu electric wavep 4 REFEREMCES
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