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Defect modes in a stacked structure of chiral photonic crystals
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An optical propagation simulation is carried out for the study of photonic defect modes in a stacked structure
of cholesteric liquid crystal films with spatially varying pitch. The defects are introduced by a pitch jump and
a phase jump in the cholesteric helix. The effect of a finite sample thickness on transmission of the defect mode
and on the required polarization of incident light to create the defect mode is discussed. For normal and
near-normal incidence of circularly polarized light with the same handedness as structure, the defect caused by
a pitch jump results in discrete peaks within a forbidden band in the transmission. The particular spectrum is
similar to the feature of a Fabry-Pérot interferometer. By introducing an additional phase jump, linear blue-
shifts of the defect modes in transmission spectra are correlated with an increase in the twist angle.
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I. INTRODUCTION the combination with photoreactive CLC materials also pro-

_ ) ) ) vides the advantage of the tunable PBG during operation
Materials having an ordered structure with a spatially pe{10],

riodic dielectric constant, called photonic band-g&BG) The introduction of the defect into the chiral structure of
materials, have attracted much interest from both fundamercLCs has been also discussed. In numerical simulations, a
tal and practical viewpointgl]. The primary reason is the defect can be created by inserting an optically isotropic layer
fact that the PBG in which no electromagnetic mode existsn a CLC [11]. By the discontinuity in the helix, the twist
can be realized in such materials. For the medium with alefect gives rise to the localized modes at the position of the
periodicity on the order of the optical wavelength, the physi-defect[12,13. For the two kinds of defects and the combi-
cal phenomena of the PBG have been theoretically predictegation of both, all of the induced defect modes reveal a sharp
and considerable research has been proposed, especiallyd'ﬂi) or peak in simulated reflection/transmittance curves for
the study of a localized defect mode within the stop bandboth circular polarizations of incident light4]. An alterna-
The localization of light is generated and a defect modéive way to generate photonic defect modes is the modulation
emerges within the forbidden band when a disorder is intro®f helical twisting power(HTP) [15,16]. Both of the local

duced to the periodic dielectric structy3]. The feature of and global deformations in the helix could induce the local-
the strongly localized eigenstates of photons can be appli ed modes in the forbidden band. The essential difference in

to optical microcircuits, narrow band filters, and lasers withtiS Method is that the defect modes appear only for the
low thresholdg4,5]. |nC|de_nt circular light with the same handedness as the cho-
Although the one-dimensional photonic crysté®C9 do lesteric screw.

. . By varying the lattice repeat distance, photonic structures
not h"’.“"? a complete PBG as t_he threg-dlmen5|_onal PCs do'c%m be made to vary spatially. For the CLCs with spatially
benefit is the ease of fabrication and introduction of defect

Sarying pitch, solid structures are needed to stabilize the
for applications in the range of the visible light wavelength. ying puch.

ST . pitch gradient. With the photochemical reaction of liquid-
A chc_)lesterlq liquid crystal_(CLC), ‘{Vh'Qh has a seh_‘- crystal monomerg17] or a thermal diffusion in a glassy
organized chiral structure with a periodicity of the optical ~ ~ [18], it is possible to freeze-in the mesophases into

wa\_/elengthz can be regarded_as a one—(_jim.ensional PC. Waple polymetric structures or to quench cholesteric liquid
their Grgndjean texture, th(_a directors of liquid c_rystal mOI'crystalline oligomers from the glassy state to the solid. The
ecules lie homogeneously in the plane perpendicular to thgpatially varying photonic structure can provide a wider
helical axis and rotate continuously along the axis. The CL ange of the photonic stop band than a uniform arranged
shows a photonic stop band for the circularly polarized I'ghttexture. Optical properties of wideband CLCs have been

With the same handedn_ess as the h‘?”x propagqting alonglged in wideband reflectors and reflective polarizers for dis-
helical axis. The selective reflection is of great interest forp|ay deviced6,19].

display application$6], and the laser action at the edge of @™ |,y resent research, the variable pitch cholesterics are
PBG, where the phot_on group velocity approache_s Z€10, Callssmed to explore whether the introduction of the defects
be used for producing microlasers and photonic deviceq s oy ytility and what limitations originate. The gradient

[7,8]. Liquid crystals have a large optical anisotropy so thaty;icp is"assumed to have an exponential profile. The defects
some degree of tuna}bll|ty in the band structure can_be OB3re introduced by a pitch jump and a helical phase jump. The
tained by electro-optic effeci®]. For active laser devices, model is a stacked structure of two CLC films with spatially
varying period. The control of defect mode wavelengths is

investigated theoretically, and the defect modes related to the

*Corresponding author. FAX: 886-6-2352973. Email addressconfiguration are studied to understand the effect of the
chenlw@mail.ncku.edu.tw modification of HTP. The numerical treatment is based on
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the Galerkin finite element methd@EM) [20]. Moreover, 8 (a)
the spatially varying pitch of a CLC can be performed by o
thermal treatment or photoinduced diffusion, so that the ) o —

model of calculation can be considered as a realizable con- —
cept. d SS1Y)

M helical axis

Lo —

Il. MODEL AND METHOD OF ANALYSIS T

:
!
|
|
The helix deformation in a CLC can be described by a (b)
power serie$17] or an exponential forrfil9]. In the analysis interface
presented, the planar structure of a single CLC film as shown
in Fig. 1(a) is assumed to have an exponentially varying J
pitch P(z). Along the helicalz axis, the pitch distribution 1
function can be expressed as
|
(c)

P(2) = Pmin exp(g In 7), 1) 2d

o
whered is the thickness of a single CLC film, andis the . "\
ratio of the largest and the smallest pitCRa/ Pmin)- IN S anglcﬁ : x
order to analyze the optical properties of the defect modes by \l 4 "\ \
introduction of a pitch jump and a helical phase jump into a X Y S 3 \ /~ ) )
CLC with spatially varying pitch, the model as shown in ‘\[/, < \>> ) =
Figs. 1b) and Xc) is carried out by stacking the CLC films 4 S
in Fig. 1(a). The transmission characteristics of the employed
one-dimensional PC struc_:ture are solved by the Galerkin FIG. 1. Schematic views of chiral structures with gradient pitch
'.:EM' The Ma_\XWQII equatlor.]s can be USeq to_analyze th?ength.(a)Asingle CLC film with spatially varying pitch. The film
light propagation in the medium with refractive index vary- yickness and the oblique incident angle of light drand 6, re-
ing along the propagating directi¢@0,21]. The equation of  gpectively.(b) A pitch jump is introduced into the cholesteric helix.
light propagation with angular frequenayis given by Ber-  (¢) A pitch jump plus a helical phase jump with a twist anglen

defect plane

reman[22]: andn’ are the nematic directors. The open arrow indicates the light
. propagating direction.
d¥(2) iw
e —D(2)¥(2), 2
z ¢ d(1_ d
where W(z) is the field vector expressed a¥(z) d_z<k_OQHd_zE) +koDeE=0, 3

:(EX,Hy,Ey,—HX)T, andD(z) is the differential propagation
matrix. The important parameters to determine the CLCWhere

characteristics are the dielectric constasitsand e, in the K2 1 -1
principal axes. Defining=(gj+e,)/2 and d=(g—¢,)/2, 0 <_>2<_ - 1)
the wave equations for the electric fielfl can be derived Dy = ko€ ; (4)
from Eq. (2) by eliminating the magnetic fielH: 1 0
|
o .| dsnApz+a)  [(e-scosApz+a)- ki/ké]} -
=E7 -[e+6cosABz+ a)] - 8sin2ABz+ a) '

Here HTP is defined a8=2#/P(2), « is used for the phase nematic director are chosen to bg=1.7 andn, =1.5, and
jump_of the twist defect! and theaxis is the helipal_axis ir} the sample is nearly index matched to its surroundings with
the right-handed coordinate system. For the incident lighp_= \/(nﬁ+ni)/2. The smallest and the largest pitches are
with wavelengthi at an oblique angl@relative to thezaxis,  taken to beP,;,=320 nm andP,,,,=380 nm for the adjust-

the wave number i$,=27/) and its component in the ment of the reflection band to cover the range between the

direction isk,=Kq sin 6. - )
The main parameters used in this study are as fouowswavelengths of 500 and 700 nm. Galerkin's method is ap-

The indices of refraction parallel and perpendicular to theDlied on Eq.(3) to obtain the matrix equations of the FEM
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[20]. For achieving higher accuracy without increasing the 1.0
number of nodes, second-order elements are used for the
basis elements. In order to decompose the forward and back- o 08 1 ——-- RCPin, d=30Fhn
ward propagating waves into right and left circularly polar- 2 ; o i
ized components, the spectral elemd28 are also used for g 081 -

. . . . . . . . 1S !
the consideration of the spatial distribution of energy inside 2 o4 v
the model. The third-order absorbing boundary condition, g jno defect
which provides better absorption for a plane wave incident at _— /
an angled, is adopted in the FEM model to truncate the finite ’/ @
element mesh in the scattering problem. The absorption by 0.0 : = :
the medium and the surface roughness at the interface of the 400 500 600 700 800
two CLC films are neglected. Wavelength (nm)

R
ll. RESULTS AND DISCUSSION
The transmission characteristics of a single CLC film 8

[Fig. 1(@)] with the exponential pitch distribution function £
(1) are displayed in Fig.(@). Without a defect, the transmis- £ . e Zad
sion spectrum of the simple structure with the thickness g0 :
30P.,i, reveals a stop band in the range from 508 to 722 nm k= U
(shadow: transmittance under Pfar right-handed circularly '
polarized light. Generally, the reflection bandwidth can be . ®)
obtained byAN=nPn.—N, Pmin because the selective re- 400 500 600 200 800

flection is location-dependeft7]. However, the variation in

. . . Wavelength
the reflection bandwidth should also be concerned with the Byelengthi(nim)

pitch gradienf16,19. The variation of the reflection wave- 1.0 L A
length can be expressed as i P
08 ] H
dP(2) g
A)\grad—ﬁ( dz )AZ: (6) § i CBA
where n=1/(n?+n?)/2. Hence the forbidden band will be % 04 ] / |\
located between pin=n,; Pmin @nd N pax=NiPmaxt AN grag i o T ST
Figure Xb) shows the model consisting of two CLC films, 0.2 ’U
and the defect is only introduced by a pitch jump in the 1] ‘ UU (©
middle. For normal incident light of right circular polariza- 0.0 = L . .
tion (RCP and left circular polarizatiofLCP), the transmis- 400 500 600 700 800
sion spectra of the results for the total thicknesses &0 Wavelength (nm)

18P, and 54, in the stacked structure are presented in o _ _
Figs. 2a)-2(c), respectively. In all cases of the transmission F_IG. 2. Tra_msm_lssmr_l spectra of_the_stgckeq chiral structure with
spectra for the light of RCP, defect modes are generated bSnPat'.a”Y varying pitctiFig. 1(b)], which is illuminated by the nor-
the pitch jump in the forbidden band. It is noticed that the al incident I|g_ht of RCP and LC_P' The total th|cknes$a)52c_i
=A0Ppin, (b) 2d=18P,,;in, and(c) 2d=54P,,,;, are chosen. A forbid-
center wavelengths of the defect modes depend on the totgl1 mn L min . omn o
thickness of the stacked structure. The peak values and th gn band for a single CLC film with pitch gradieffig. 1(a, d
. . ' . =30Pin] is plotted in(a). The shadow in all figures indicates the
I|n_eW|dths of the def(_act mpdes also vary accordlng. to thebancl gap, which is bounded between 508 and 722 nm.
thickness of the configuration. In the case of the thickness
10Pin [Fig. 2@)], the peak values of the defect modes al-mode is observed for the incident light of LCP. With the
most reach 1, although the structure is insufficient for exisincrease of the thickness, the number of the defect modes is
tence of the defect modes. The minimum value of the fulllarger, and the peaks of the defect modes become sharper.
width at half maximum(FWHM) of the defect modes is However, when the total thickness is increased to a certain
9 nm, and the band edges vary slowly. To establish the PBGgxtent, the profile of the peak within a certain range of defect
a minimum thickness is required in a CLC fil1]. Be-  wavelengths for light of RCP is further localized in transmis-
sides, it is confirmed that the profile of the peak at the defecsion spectra whereas the peak values are reduced. Further-
wavelengths within the PBG depends on the number of pemore, the sharp dips at the resonance wavelengths appear in
riods in a CLC film with a defecf14]. With the thickness the simulated transmittance curve for the incident light of
18Pnin [Fig. 2(b)], localized states appear and the peaks oLCP [Fig. 2(c)]. It seems that there is a crossover region
the defect modes become sharper. Each of the peak valueswhere the defect modes can be excited to some proportions
the defect modes approaches 1 and the minimum of thiy either circularly polarized lighit12]. The reasons will be
FWHM is 2 nm. In the previous two cases, no distinct defectdiscussed later.
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20 30 40 50 60 FIG. 4. Schematic drawing of a layered PBG medium, which is
Film Thickness (2d/Prmin) constructed by stacking two CLC films with spatially varying pitch.

A Fabry-Pérot resonator consists of a pair of CLC mirrdrg and
FIG. 3. Thickness dependence of the localized state waveM;) with a local equivalent pitctP$® and an index-matching layer
lengths. Closed and open circles represent the peaks of the defgthe gray region, thicknes&d;) sandwiched by the mirrors.
modes for the values beyond and under 0.5, respectively. All of the
defect modes are bounded by the upper and lower dashed lines, the

same region as the shadow in Fig. 2. Ny = N1 = (AN psp=

)\2
2nAd,’
In the stacked structure with a pitch jump, Fig. 3 showswhere Ad,~d and Ad;<Ad,<---<Ad,, For the defect
the center wavelengths of the defect modes as a function favelengths in Fig. @), the values of the FSR calculated

the thickness for the incident light of RCP. Closed and operjja Eq.(9) are about 52, 44, 38, and 33 nm. These values are

circles represent the peaks of the defect modes for the valuggose to the results of the transmission spectrum shown in
beyond and under 0.5, respectively. It was found that thesig. 2(b).

localized modes could be well-confined when the structure For excitation at the resonance wavelengths shown in Fig.
thickness is above Bg,. As the structure thickness is in- 2(b), the spatial dependence of the relative energy density of
creased, the number of the defect modes becomes large, afié defect modes is sketched in Fig. 5. The distribution of the
the resonant modes show a blueshift. When the thickness iﬁ]ergy density for the different defect modes corresponds to
beyond 4®, the transmittance at some of the defecta relative position of a resonator cavity sandwiched by two
modes is under 0.5. Further, it seems that the center waveLC films as shown in Fig. 4. For the cavity constructed by
lengths\,, of the defect modes existing in the forbidden gapthe mirrors with the largefsmalle) equivalent pitch, the
satisfy the relation selective reflection according to E@8) occurs, and the
1 1 1 standing wave is strongly peaked at the réeont) side of

S ™

A1 A, 2nAd,cosé 15 ; T 380

(9)

for v=1,2,... m-1, wherex,>\,,;, 6=0 for the normal
incident light, andAd,, is the thickness of an index-matching
layer. The transmission characteristics in the PBG are similar 7
to those of a conventional Fabry-Pérot interferomége.
However, the conventional spreading of light between two
mirrors is generated by the reflection of oblique components
of light, and two orthogonal linear polarizations are allowed
as resonant modes. In the stacked CLC films, photonic band
structures result in the enhanced spreading of light with nor- !
mal wave-vector components, and the resonance takes place‘,f; — 340
in the resonator only for the light with the same handedness o P o
as the CLC helix[25,26. A schematic drawing of the  ~qos_ / mode3 | i—>
stacked CLC films shown in Fig. 4 can be used to describe PR e I i
the Fabry-Pérot resonatde? could be defined as a local B A P— pich |
equivalent pitch, and the significant reflection of the two mir- ~ _; V" . — . . 320
rors (M, and M*V) occurs over the band | | ! ' '

0.5 —

elative Energy Density

(=]

6 9
Position (z/Prin)
—=s\=<—, (8) o .
n n, FIG. 5. Distribution of the relative energy densithe common
_ logarithm with base 10and the pitch inside the stacked chrial

where \o=nP$% The slice placed between the mirrors canstructure for the numbered defect modes shown in Fig). Zhe
serve as an index-matching layer. Besides, the difference @knter wavelengths of the localized modes are 688de 1, 639
the particular center wavelengths can be regarded as the fr@@ode 3, 592 (mode 3, 550 (mode 4, and 519 nm(mode 5,
spectral rangéFSR respectively.

061708-4



DEFECT MODES IN A STACKED STRUCTURE OF.

== ~= 3 ==
! 1 .]

i i 1 L
1 =
I D
0.8 — ' — 0.2 S
| e s
| 1 L >
! >
® 2
g 0.6 — — 04 o I}
,E RCP in, transm. E 4
£ 1T = LCP in, refl. r S o
2 < ©
g o V4
= 0.4 — — 0.6 =
i C L g’
=

-
0.2 — — 0.8
0 T | T | T | T l I L | T 1
530 540 550 560 570 580 590

Wavelength (nm)

FIG. 6. Transmission and reflection spectra of the stacked chiral
structure in the case of Fig(@, which is illuminated by the normal
incident light of RCP and LCP. The alphabet C indicates the same
defect mode in Fig. @).

the configuration from the location of the light source. There-
fore the energy of mode 1 and 2 with the longer defect wave-
length is stored mainly at the right side of the defect plane,
and that of mode 4 and 5 with the shorter defect wavelength
is stored mostly at the left. In addition, it seems that the
resonance for all defect modes generates a peak of the energy
density near the defect plane. For mode 3, the intensity en-
hancement can be greater than 20, and the res@hé&auttor

is more than 250. Due to the band gap in the double com-
posite CLC film shared by the multiple states and the shal-
low depth of the gap in a local Fabry-Pérot resonator, the
enhancement and the factor are relatively less than those in
the chiral twist defect created by the discontinuity of the
helix in a cholesteric structurd 2].

It was found that the dips in the curve of the transmission
spectrum for the light of LCP occur when the total thickness
of the model is above X8, The growth of the dips at
defect wavelengths becomes more significant for the thick-
ness beyond 49, and the reduction of the peaks in trans-
mission for the light of RCP is also obvious. The crossover
region could be located near the thicknessP4Q An
anomalous crossover behavior of polarization state in propa-
gation is described by Kopp and Genack for the chiral twist
defect produced in the cholesteric structure with constant
pitch [12]. At the crossover region, the defect mode can be
excited by both circularly polarized waves, and the sum of
transmission of RCP wave and reflection of LCP wave is
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equal to unity. The reason can be explained by the incident FIG. 7. Distribution of the relative energy densithe logarithm

light suffering the change of handedness to result in the couVith base 1@inside the stacked chiral structure. Decomposition of

pling of the wave to a localized defect mode. For the Fabrythe forward and backward propagating waves into right and left
circularly polarized components for incident waves of RCP and

LCP is shown for the three defect modes in Fi¢c)2The center
wavelengths of the localized modes &a 672 nm(mode A, (b)
3593 nm(mode B, and(c) 553 nm(mode Q, respectively. The top
arts of all figures are for the forward waves and the bottom parts of
ose are for the backward waves.

Pérot model which is formed by a pair of identical chiral
mirrors with constant pitcthi27], the cross-polarized effects
are equal as the mirrors look identical when viewed from th
inside layer. Therefore the sum of all transmittance of RC
waves and reflectance of LCP waves is approximately equ%1
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FIG. 9. Dependence of the localized state wavelength on the
20° twist angle for the configuration shown in Figiclwhen the thick-
ness is taken asidz 18P,,,,. All of the defect modes are bounded by
the upper and lower dashed lines, the same region as the shadow in

Fig. 2.
25°
400 500 600 700 800400 500 600 700 800 drop in transmission of the LCP wave. In the case of mode C
Wavelength (nm) [Fig. 7(c)], the incident RCP wave can easily reach the reso-

nator to excite the localized mode. Nevertheless, the inten-

FIG. 8. Transmission spectra of the stacked chiral structure witfsjity of the FWD RCP component falling from the defect
spatially varying pitc{Fig. 1(b)], which is illuminated by incident plane decays greatly to the rear side, and the contribution of
waves of RCP and LCP at an Oblique angle from 5° to 25°. Thqhe FWD LCP Component Coup'ed from the RCP wave is
structure thickness for simulations isl223P . insufficient. The reduction of the transmittance for the inci-

dent RCP light appears. For the incident LCP light, the ex-

to unity at the crossover region. However, the sum is notiting FWD RCP component coupled via the defect also de-
equal to unity in Fig. 6 from the case of Figic2 For alocal cays rapidly along thez direction, so that the total
Fabry-Pérot resonator as shown in Fig. 4, the mirrors withtransmission is reduced. In the case of modgFi). 7(b)],
different pitch gradient directions look unequal when viewedthe coupling effect and the energy decay correlated with the
from the inside layer, even if the mirrors are regarded as théhickness are also the same causes of the essential transmis-
cholesterics with an equivalent constant pitch in the previousion of the incident RCP and LCP waves.
statement in explanation of the resonator. In addition, the The transmission spectra of the incident RGBlid line)
sandwiched index-matching layer which also has a gradierand LCP (dotted ling waves are shown in Fig. 8 for the
pitch is not isotropic so that the sum will not equal unity.  different incident angles. The characteristics of the employed

In order to examine the polarization of the resonantstructure as shown in Fig.(l® are computed for the total
modes and the defect modes, the waves inside the mediuthickness 2B,,;,. It was found that the localized states intro-
for the three modes in Fig.(@ are decomposed into two duced into the band gap are not well-confined for the inci-
circularly polarized components with respect to the incidentdent RCP wave when the oblique angle is above 15°. In
light of RCP and LCP. For each mode, the relative energyaddition, the dips in the transmittance curves of the incident
density of the light components propagating in the forwardLCP wave are more apparent above this angle. The coupling
(FWD) and backwardBWND) directions is displayed in Fig. between RCP and LCP waves is the dominant to destroy the
7. This makes it possible to understand the way in which theomplete transmission when the wavelength reaches the
transmittance is related to the excitation of the resonant statédauguin limit[21,28. In oblique angle incidence, the PBG
and the coupling between the two circularly polarized wavesshows a blueshift and so do the corresponding defect modes.
In all parts of Fig. 7, the polarization of the exciting modes isThe photonic band structures still hold the enhanced spread-
the same handedness as the CLC screw for both of the incing of light with near-normal wave-vector componeiis
dent RCP and LCP waves. Near the defect plane, a peak tifie cased<15°), and the defect modes in the stop band also
the energy density is generated for all RCP components, arghtisfy the relation of Eq(7).
the coupling between the RCP and LCP components would In the model with the defect of a combination of a pitch
occur. In the case of mode fransmittance 0.66 for RCP jump and a phase jumfFig. 1(c)], Fig. 9 shows the twist
incidence in Fig. &)] shown in Fig. Ta), the incident RCP angle dependence of the center wavelengths corresponding
wave hardly reaches the resonator cavity with respect to itto the defect modes for the incident RCP light. The horizon-
eigenmode, so that the excitation is small. Strong reflectiotal axis indicates the twist angle of the phase jump, and the
and weak transmission appear even though the FWD LCHRotal thickness of the stacked films in the simulation is
component coupled slightly from the RCP wave at the defecl8P,,. To make a comparison with R€fL4], in which the
can pass through the structure. Besides, the incident LCPphase jump is introduced into the middle of the CLC film
wave is coupled to the RCP components, but the excitatiowith constant pitch, the defect wavelengths from the long to
of the components is not strong. Hence it gives rise to théhe short wavelength band edge are also tuned by varying the
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chiral twist angle from 0° to 180°. The transmittance of theThe energy intensity at the defect site inside the sample can
defect modes for all angles is close to 1. It appears that he significantly enhanced by the induced pitch jump to reach
linear response is present between the defect wavelengtlaslocal maximum even if the adjunct coupling between two
and the twist angle. The feature could be extended to therthogonally circularly polarized waves gives rise to a slight
application of tunable filters. For example, an optical fiberloss in optical resonators. The loss is not obvious until the
multiple-wavelength filter based on a one-dimensional PBQotal thickness of the stacked films is beyond a critical value.
structure with defects reported by Villat al. can be tuned Due to the coupling, the variation with the thickness of the
by changing the refractive index of the defect layers consistdouble composite film shows a crossover behavior in the
ing of liquid crystals with the applied voltad29]. However, transmission of circularly polarized waves. Furthermore, the
the complicated layer stacking and the nonlinearity with re4ransmission feature in a PBG is similar to that in a conven-
spect to the shift in frequendB0] are not easy to control the tional Fabry-Pérot interferometer. It is also demonstrated that
defect states. The linearity in connection with the shift inthe center wavelengths of the defect modes created by an
wavelength is the benefit of the stacked chiral structure withadditional phase jump introduced into the stacked structure
the double defects. Moreover, one should keep in mind thatith the defect of a pitch jump can be controlled by the twist
the purity of polarization for the defect modes will be de- angle. There is no need for a complex manufacturing proce-

stroyed at the crossover region. dure to introduce the defects of a pitch jump and a phase
jump by stacking the CLC films. The characteristics of the
IV. CONCLUSIONS tuning between the defect modes and the twist angle could

ossess a linear relation and may be useful in the implemen-

The effects of the defects introduced by a pitch jump angation of tunable filters or optical switches of PBG applica-
a phase jump in a stacked CLC structure with spatially varyyjons.

ing pitch have been studied by using the FEM. By means of

the introduction of a pitch jump, the depen_denpe of the de- ACKNOWLEDGMENTS
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