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Nematic reorientation effects on resonant modes, wavelength mismatch, and slow-light phenomena
in one-dimensional magnetophotonic crystals with a dual anisotropic defect
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The present study is devoted to the investigation of spectral properties of an alternated sequence of
magnetic and dielectric layers containing a dual defect based on magnetic and nematic layers. Combining the
Hydrodynamic Continuum Theory for nematic liquid crystals and Berreman’s formalism, we determine how the
nematic ordering affects the light localization, polarization rotation, and slow-light phenomena observed in the
magnetophotonic system. In particular, we analyze the effects associated with a field-induced reorientation of
the director in a nematic defect with strong planar boundary conditions. Our results reveal that field-induced
reorientation of the nematic ordering can be used as an efficient mechanism to tune and control the spectral
properties of magnetophotonic structure, anomalies in group velocity, and the wavelength mismatch between
resonant mode and maximum polarization. The effects of nematic layer thickness are also analyzed.
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I. INTRODUCTION

One-dimensional (1D) photonic crystals have been exten-
sively studied in past decades due to their enormous potential
for applications in optical devices, such as tunable filters
[1-3], waveguides [4], and optical switches [5,6]. In partic-
ular, these systems correspond to a sequence of dielectric
and/or metallic layers where some degree of periodicity can
be found [7,8]. Such periodicity in the electrical response
leads to a frequency range where the propagation of electro-
magnetic waves is prohibited. This frequency range is called
the photonic band gap (PBG), in analogy to the electronic
spectrum of crystalline solids. PBG characteristics can be
adjusted accurately through appropriate manipulation of the
periodic structure [9]. In addition, the introduction of disorder
and defects in the photonic crystal architecture may be used
to modify their spectral properties [10], thus leading to the
emergence of localized modes within the photonic band gap.
This rich phenomenology of photonic crystals already has
been exploited in the design of optical microcircuits [11,12]
and mirrorless lasers with low thresholds [13,14].

The introduction of magneto-optical layers into 1D pho-
tonic crystals gives rise to unique physical effects [15-17],
which are associated with changes in the polarization state
of the transmitted and reflected light beams. In particular,
magneto-optical layers with a large optical activity are gen-
erally constituted of ferromagnetic or ferrimagnetic materials
in their saturated magnetization states [18], thus exhibiting
a dielectric tensor with complex off-diagonal elements. As
a consequence, elliptically polarized light waves with oppo-
site handedness exhibit different propagation velocities along
these magnetic materials [18,19], resulting in a change in
the polarization state of transmitted light that is denoted
as Faraday rotation. In this context, multilayered systems
containing magnetic layers are known as magnetophotonic
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crystals, which present an enhanced Faraday rotation phe-
nomenon due to the localization and multiple interference
of propagating light through the periodic structure [20]. Be-
cause of the nonreciprocal character of the Faraday rotation,
magnetophotonic crystals are widely used in the design of
optical devices that require a high selectivity of polarization
state of transmitted light, such as optical insulators [15,21]
and spatial light modulators [22,23]. Furthermore, such a
feature has been exploited in nonlinear optical phenomenon
associated with some degree of symmetry breaking, such as
second and third harmonic generation at resonant wavelengths
of 1D magnetophotonic structures [16,17].

Recently several studies have been devoted to the inves-
tigation of the interplay between the nonreciprocal behavior
of Faraday rotation and the nature of the birefringence in
magnetophotonic photonic systems containing liquid crystal
layers [24-31]. More specifically, it has been verified that the
presence of nematic liquid crystals as regular layers of mag-
netophotonic structures introduces a new control parameter of
spectral properties of such systems [24,25], corresponding to
the relative orientation of the nematic director with respect
to the propagation direction of the incident light beam. In
particular, the electric control of the nematic director can
be effectively used to tune and amplify the Faraday rotation
effect in magnetophotonic systems, even in photonic archi-
tectures containing a single nematic layer as a central sole
defect [25,28]. Moreover, the distinct Bragg resonances for
the propagation eigenmodes for nematic and magnetic media
lead to a wavelength mismatch between resonant modes and
the maximum polarization rotation in 1D alternated sequences
of linear or circular birefringent layers [30,31].

Although several theoretical studies have demonstrated
that magnetophotonic structures containing multiple nematic
layers are efficient systems for the polarization control of reso-
nant modes, the experimental realization of such systems may
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FIG. 1. Schematic representation of a multilayered structure con-
sisting of an alternated sequence of SiO, dielectric (white) and
Bi:YIG magnetic (red) layers, containing two central defects: one
magnetic and the other nematic (purple). The unperturbed nematic
director h is parallel to the x axis. Here the thicknesses of both
dielectric ({,) and magnetic (¢,,) layers are equal to 180 nm.

be a challenging task with a high cost of production. In this
context, the present study is devoted to the analysis of spectral
properties of a 1D multilayered structure, exhibiting a pair of
defects: one magnetic and one nematic. Our results show that
spectral properties of such a magnetophotonic crystal can be
controlled by using an external electric field. In particular, we
observe that the polarization rotation angle, transmittance of
resonant modes, and group velocity can be tuned from the
reorientation of the nematic director. The effects of nematic
layer thickness are also analyzed.

II. MODEL

We consider a magnetophotonic system consisting of an
alternating sequence of dielectric (SiO;) and magneto-optical
(Bi:YIG) layers, presenting magneto-optic and nematic de-
fects as central layers, as represented in Fig. 1. The pho-
tonic structure presents a total of 32 layers, being organized
as (SiO,/Bi:YIG/SiO,)?/D,,/D,/(Bi:YIG/SiO,/Bi:YIG)?,
where D, and D,, are the magnetic and nematic defects of
thicknesses d,, and d,,, respectively. p is the stacking number
of the photonic structure, corresponding to the repetition
number of the dielectric and magnetic subsets. In this case,
the total number of layers of the structure is 6p + 2. The layers
of SiO; present a thickness of £;, while the regular layers of
Bi:YIG exhibit a thickness ¢,,.

The transmission spectrum of the magnetophotonic struc-
ture for normal incidence can be computed when the refractive
index and the thickness of the defects are varied. Following
Berreman’s 4 x 4 matrix numerical method [32], the propa-
gation equation for light with angular frequency w is given by

dyr(z)
dz

—i2Av (@), (1)
C

where c is the light speed in vacuum and ¥ (z) is a column
vector with elements representing the x-y components of the
electric E and magnetic H fields. Here we consider a uniform

medium in the xy plane, and A is Berreman’s matrix, which
depends on the dielectric tensor of the material. We assume
the regime of normal incidence for a propagation along the
z axis, with the incident light beam presenting a polarization
along the x axis. In this configuration, the Berreman’s matrix
is defined as

0 0 0 1
0 0 -1 0

A= syz% — &y —E&y + syz% 0 0 2)
Exx — gxzzf Exy — sz% 0 0

Here ¢;; are the components of the dielectric tensor of the
propagation media, with (i, j) € x, y, z.

In the nematic layer, the optical dielectric tensor depends
on the director orientation in relation to the polarization on
the incident light beam. The director vector is defined as 71 =
(cosa, 0, sin ), with o being the angle between the director
and the x axis. The components of the optical dielectric tensor
are given by &; = e"'8;; + (eﬁpt —e™yn;. Here (i, j) €
x,y,z; and &;; is the Kronecker §. al(l’pt and &{”" represent the
optical dielectric permittivities of the liquid crystal layers, be-
ing defined in terms of the extraordinary and ordinary refrac-
tive indices: &, = n2 and £} = n2. Considering a nematic
layer with planar boundary conditions, the director orientation
may exhibit a spatial variation along the nematic layer when
an external voltage is applied along the z direction, when its
magnitude exceeds the threshold value Vi, = (K| /¢4)"?. K,
is the splay elastic constant, and &, = & — & corresponds to
the static dielectric anisotropy, with g and &, being the static
dielectric permittivities of the nematic sample. Depending on
the amplitude of applied voltage, the orientation angle of the
director may reach a maximum value «,, at the center of
nematic layer. In particular, the director orientation along the
nematic layer can be determined from the minimization of
the elastic energy in the Frank approach, being reasonably
computed from the following pair of integral equations [33]:

v 2 /2
v _ ;mfo £y, 3)

Vin
sin~!(sin
2 o VD gy ar
- = /2 ) (4)
d Jo"g@ydr

where the parameters I' and 7 are introduced from the re-
lations sina = sina,, sin[" and 5 = sin® «,,. The functions
f(I") and g(T") are given by

1 +knsin®T 1
N =
£ |:(1+ynsin2F)(1—nsin2F)_ )
and
(1 + ynsin? T)(1 + «n sin T) |2
= 6
s [ (1 —nsin®T) | ©

Here k = K3/K; — 1 defines the elastic anisotropy, and y =
e./€1. Ki and K3 are the splay and bend elastic constants,
respectively. €, and ¢, are the dielectric anisotropy and the
perpendicular dielectric permittivity of the nematic sample
for a static voltage. Equations (3) and (4) provide different
profiles for the reorientation angle, «(z), depending on the
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FIG. 2. Director orientation profile along a nematic layer with
thickness d,. The profiles correspond to the solutions of Eqgs. (3) and
(4) for distinct values of the applied external voltage: V/V,, = 1.5
(black solid line), V/V,;, = 3.0 (red dashed line), and V/V,, = 6.0
(blue dotted line). Due to the strong planar anchoring (x(z = 0) =
a(z = d,) = 0), one can note that the maximum value of the director
tilt angle occurs at the center of the nematic defect, with o, — 7/2
forV > V.

ratio between the applied and threshold voltages, V/V;,. More
specifically, a uniform director occurs when V/V;, < 1, with
a(z) = 0. This situation indicates that the field contribution is
not enough to overcome the high energy cost associated with
the elastic distortion. On the other hand, a nonuniform director
profile takes place for V/V;, > 1, as shown in Fig. 2. We
used the typical parameters of 5CB liquid crystal, with K| =
6.2 x 107'dyn, K3 = 8.2 x 107'dyn, ¢, =7, and ¢ = 18.5
[34]. The strong planar anchoring conditions impose that the
maximum value of the director tilt angle occurs at the center
of the nematic defect, with «,, — 7 /2 as the applied voltage
becomes larger than the Freedericksz threshold V;,. As a
consequence, a spatial variation of the optical dielectric tensor
arises along the nematic layer. In what follows, we assume that
the effects of optical electric field on the orientation nematic
director are negligible.

For a magnetic layer presenting a magnetization along the
direction of light propagation, the dielectric tensor is given by

€1 i82 0
EM = —i82 &1 0 s (7)
0 0 &3

where ¢, is the magnetic gyration, which exhibits a linear
dependence on the material magnetization. The transversal
components of &y are usually expressed in their complex
form, with &) = ¢| + ie] and e, = €} + iej. In particular, the
real and imaginary components of &, and &, are associated
with of the refractive index and the extinction coefficient of
the magnetic materials [35].

The wave equation (1) can be solved through the Eidner-
Oldano formalism [36], where v(z) is defined as the

superposition of four distinct plane waves
4
V@) =) Cyes, 8)
I=1

with ¢ and A; corresponding, respectively, to the eigenvec-
tors and the eigenvalues of the Berreman’s matrix defined in
Eq. (1). The components of the transmitted (7, 7;) and re-
flected (R,, R,) electric fields can be numerically determined
from the solution of the following set of linear equations [32]:

E! + R, = (Fi; + Fiano)T, + (Fi3 + Fiano)T,,
(Ef = Ro)no = (Fa1 + Foono) T + (Fas + Faano)T,,
E; + R, = (F31 + Fyno)T, + (F33 + Fsano)T,,
(E; — Ry)ng = (Fa1 + Fpno)T, + (Fiz + Fung)Ty,  (9)

where E! and E! are the components of the incident electric
field. F;; correspond to the elements of the inverse transfer
matrix, namely, F = 71, with t = ]_[6.i Jlrz 7;. Here t; cor-
responds to the transfer matrix of the jth layer. In Eq. (9),
no represents the refractive index of the incident medium,
which is defined as the value of glass slides, ny = 1.5. The
transmittance of the multilayered structure can be computed
from the components of the transmitted electric field, with
T = |T,|> + |T,|*>. The transmission coefficients can also be
used to compute the polarization rotation angle 6, ellipticity
&, and the density of states (DOS) p(w) [37] as follows:

Or = ltan—l[w] (10)
2 1—|T,/T* |
¢ - Lyt 2/ %) an
2 L+ IT/T 2 ]
L% -~ T
= = @ @ 12
p@) = | =75 (12)

where L is the total thickness of the film. The DOS can
be used to obtain the group velocity v, of a wave packet,
defined as v, = 1/p(w). In what follows, we assume an
incident wave presenting a linear polarization along the x
axis. As the transmitted light may be elliptically polarized
due to the birefringence of magneto-optic and nematic layers,
the polarization rotation angle is determined from the relative
direction between the major axis of the elliptical polarization
and the x axis, as is represented in Fig. 1. Similarly, the
ellipticity is defined as the ratio between minor and major axes
of the elliptical polarization of the transmitted light.

III. RESULTS

In Fig. 3 we present the density plot of transmittance
spectra as a function of the nematic defect thickness, d,, in
the dual defect magnetophotonic structure, as shown in Fig. 1.
We used ¢; = 2.01 as the dielectric constant of silicon dioxide
(Si0,). Typical parameters of 4'-n-pentyl-4-cyanobiphenyl
(5CB) and bismuth-substituted yttrium iron garnet (Bi:YIG)
were used as reference materials for the nematic and magnetic
layers, respectively. In particular, we used & = n?(n, =
1,53), & =nl(n,=1,69), & = 5,59, ¢/ = 5,42 x 1073,
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FIG. 3. Density plot of the transmission spectra of the dual
defect magnetophotonic structure as a function of the nematic defect
thickness, d,,. Here we consider a nematic defect presenting a director
aligned along the x axis (V/V,, = 0), with a birefringence An =
0.16. The thickness of the magnetic defect was maintained constant,
with d,, = 2¢,, and ¢,, = ¢, = 180 nm. Notice that the insertion
of nematic defect modifies the light localization condition of the
magnetophotonic structure for d, > ¢,,/2, with the emergence of two
distinct resonant modes inside the band gap.

gy =-3,69 x 1073, and &) = 2,08 x 107>. We consider a
multilayered structure with p =5, £, = 180 nm, ¢,/¢,, = 1,
and d, = 360 nm, varying the thickness of nematic defect
from 0 to 960 nm, in steps of 8 nm. The transmission spectra
were computed for V/V,, =0, corresponding to a uniform
director profile along the nematic defect. One can note that the
multilayered sequence presents a band gap centered at the red
region of the electromagnetic spectrum, with a width that is
independent on the thickness of the nematic layer. For d, = 0,
a single resonant mode is observed inside the band gap, being
associated with the magneto-optical defect. Such a scenario is
preserved as long d, < ¢,,, with central magnetic and nematic
layers behaving as a single defect with an effective thickness
d,, + d,. As the thickness of nematic defect is increased,
the original resonant mode is shifted to the left border of
the band gap and a second resonant mode emerges from the
right border when d, > ¢,,/2. Although the insertion of the
nematic slab promotes a new break in the dielectric periodicity
of the alternated sequence, such results show that the linear
birefringence of the liquid-crystalline layer becomes relevant
to the transmittance spectrum when d,, > ¢,,/2. Further, we
observe a reduction in the wavelength shift between the two
resonant modes as the nematic defect becomes larger than the
magnetic one.

Figure 4(a) shows the effects of the nematic thickness
on the polarization rotation angle of transmitted light by the
magnetophotonic structure containing a dual defect. The same
parameters as Fig. 3 were used, with V/V;;, = 0. Similar to
the resonant modes, the wavelength of maximum polarization
rotation is strongly affected by the thickness of the nematic
layer, with a red shift occurring as d, increases. In fact,
the polarization rotation peak is associated with the light
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FIG. 4. (a) Polarization rotation angle of the transmitted wave
by a 1D magnetophotonic structure containing a dual defect. We
used the same parameters as Fig. 3, with d,, =360 nm. A pro-
nounced enhancement of maximum polarization angle takes place
as the thickness of the nematic defect is increased. (b) Wavelength
mismatch between resonant modes in transmittance spectrum (black
solid line) and polarization rotation angle (red dashed line), with
d,, = 360 nm and d, = 480 nm. The gray region marks the band gap
width.

localization and multiple interference in the magnetic layers
[20], being sensitive to changes in the light localization con-
ditions. As a consequence, the maximum polarization rotation
occurs for defect thicknesses in which the resonant modes are
situated at the band gap center. Further, we notice a significant
increase in the maximum polarization rotation angle as d,
is enlarged, indicating that the phase retardation induced
by nematic birefringence provides an additional contribution
to the changes in the polarization state of electromagnetic
waves propagating through magnetophotonic crystals. How-
ever, the introduction of nematic defect induces a wavelength
mismatch between the resonant modes and the polarization
rotation peaks, which is attributed to the distinct propagation
eigenmodes of electromagnetic waves for each defect layer
[19,30]. Such a wavelength mismatch varies from O to 24 nm
as the thickness of nematic layer is raised from O to 960 nm.
In Fig. 4(b) we show the transmittance spectrum and polar-
ization rotation angle for the magnetophotonic system with
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d, = 360 nm and d,, = 480 nm, where the wavelength mis-
match between resonant modes and polarization rotation
peaks can be clearly observed. In particular, a huge rotation
polarization takes place at Azg = 690 nm, which is shifted in
relation to the resonant mode at Ap; = 708 nm. On the other
hand, a very small polarization rotation is observed at A =
637 nm, which is slightly shifted in relation to the resonant
mode at Ap, = 643 nm. Such a small polarization rotation
may be associated with the interplay of linear and circular
birefringence of nematic and magnetic layers, respectively.
More specifically, the linear birefringence of nematic defect
tends to induce a counterclockwise rotation in the direction
polarization of an incident light, while the circular birefrin-
gence of magnetic layers leads to a clockwise rotation in the
light polarization.

Let us now analyze the effects of an external applied
voltage on the spectral properties of the multilayered structure
presenting a dual defect. The density plot of transmittance
spectra as a function of the applied voltage in nematic layer
is presented in Fig. 5(a). We used the same parameters as
Fig. 3, with d,, = 480 nm. One can observe that the band gap
is not affected by the applied voltage in the nematic defect,
as is defined by the refractive indices and the thicknesses
of regular layers in the photonic architecture. On the other
hand, the wavelength and transmittance of resonant modes
are strongly modified as the applied voltage is raised above
the Freedericksz threshold, V;;,. In particular, the field-induced
reorientation of the nematic director modifies the effective
refractive index, ne for an extraordinary wave propagating
through the liquid crystalline defect, being defined as [38]

nen,

[
et = - / 2. (13)

dn Jo \/ng cos? ar(z) + n? sin” a(2)
As the applied voltage is raised well above the Freedericksz
threshold, the maximum tilt angle tends to the asymptotic
value of m /2, with nes — n,. As a consequence, the field-
induced reorientation leads to a strong reduction of the ne-
matic birefringence in the xy plane for V > V. In this
situation, the nematic defect behaves as an isotropic dielectric
layer with a refractive index n,, changing the resonance con-
ditions for defect modes inside the band gap. In Fig. 5(b) the
transmittance of resonant modes as a function of the applied
voltage is presented, considering a nematic defect with d, =
480 nm. Here we note that the applied voltage can be properly
used to switch the mode with highest transmittance. Indeed,
the applied voltage affects the position of resonant modes in
relation to the band gap center, with the highest transmittance
occurring for the resonant mode closest to one of the band
edges.

In Fig. 6 we show the dependence of polarization rotation
angle on the applied voltage in the nematic defect, with
d, = 480 nm. For V < V};,, the nematic director stays aligned
along the x axis, with polarization rotation angles remaining
constant in this configuration. Due to the wavelength mis-
match, a pronounced polarization rotation is observed close
to the wavelength of the first resonant mode (Ap;), while
a small polarization rotation is verified in the vicinity of
the second resonant mode (Apy). As the applied voltage is
raised above the Freedericksz threshold, it is noticed a gradual
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FIG. 5. (a) Density plot of the transmission spectra of the dual
defect magnetophotonic structure as a function of the applied volt-
age in the nematic layer, with d, =480 nm. We used the same
parameters as Fig. 3. For V > V,,, we observe that the director
reorientation modifies the Bragg conditions of resonant modes, being
characterized by a wavelength shift and transmittance change of
modes. (b) Transmittance of resonant modes as function of the
applied voltage in the nematic defect, with d, = 480 nm. Notice
that the applied voltage can be used to switch the mode with highest
transmittance.

reduction in polarization rotation angle associated with the
first resonant mode, reaching a constant value as the nematic
director is reorientated along the field direction and neg — n,.
A distinct scenario is observed for the polarization rotation
angle associated with the second resonant mode, where a
small increase of the polarization rotation takes places as
o, — /2. Unlike the resonant modes, we observe that the
field-induced reorientation of the nematic director does not
change the wavelengths where the polarization rotation peaks
take place. As a consequence, the wavelength mismatch is
suppressed as V > V.

In order to provide a broader analysis of the polarization
state of resonant modes, we exhibit the ellipticity spectra
of the magnetophotonic structure in Fig. 7(a). We consider
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FIG. 6. Polarization rotation angle as function of the applied
voltage in the nematic defect. The same parameters as Fig. 3 were
used, with d, = 480 nm and An = 0.16. We observe a pronounced
reduction of the polarization rotation angle associated with the first
resonant mode, which is accompanied by a small increase of the
polarization rotation angle associated with second resonant mode.

different values of the applied voltage in the nematic layer.
Again the thicknesses of the magnetic and nematic layers are
fixed, with d,, = 360 nm and d, = 480 nm. For V/V;, =0,
we notice that & exhibits an asymmetric peak (§p) and valley
(&v) signature close to the wavelength where the maximum
polarization rotation occurs (Ag = 690 nm) [39-41], being
associated with the distinct Bragg conditions for the propa-
gation eigenmodes with opposite handedness. Such a peak-
valley signature presents a similar behavior of the polarization
rotation angle, being mismatched in relation to the defect
wavelength, Ap; = 708 nm. In fact, the ellipticity degree is
almost null at Ap;, while small values of & take place close
to the defect mode at Ap, = 643 nm. As a consequence,
the resonant modes are linearly polarized along the x axis
for V/V;, < 1. As the applied voltage is raised above the
Freedericksz threshold, we observe that the reorientation of
the nematic director promotes a considerable reduction in the
values of &p and &y, indicating that the nematic orientation
plays an important role in the polarization state of the resonant
modes. As the wavelength mismatch is suppressed when
V/Viy > 1, the resonant modes tend to acquire a slightly
elliptical polarization due to the director reorientation. In
Fig. 7(b) we present the ellipticity peak-valley difference,
Aép_y = &p — &y, as function of the applied voltage. One can
notice that Aép_y is gradually reduced as the applied voltage
is increased, with Aép_y reaching a constant value in the limit
V/Vin > 1. The inset shows the reduction of £p and &y as the
applied voltage is increased.

Figure 8 shows the group velocity spectra of the magne-
tophotonic crystal with a dual defect, considering different
applied voltages on the nematic layer. Again we used the
parameters of Fig. 3, with d, = 480 nm. For V/V,;, = 0, the
group velocity is almost null at two wavelengths correspond-
ing to the resonant modes, due to the divergence of the
photonic density of states. Further, one can notice the occur-
rence of an anomaly in the group velocity at the wavelength
corresponding to the maximum polarization rotation. Such an

12 T | T T | T

9 (a) — VIV, =0.0

€ (deg)

600 650 700 750 800
Wavelength (nm)

FIG. 7. (a) Ellipticity of the transmitted light by a 1D magne-
tophotonic structure containing a dual defect, considering different
applied voltages on the nematic layer: V/V,, = 0 (black solid line),
V/Vi, = 2 (red dashed line), V/V;;, = 8 (blue dotted line). We used
the same parameters as Fig. 3, with d,, = 360 nm and d,, = 480 nm.
The gray region marks the band gap width. Notice that the nematic
reorientation reduces the peak and valley amplitudes of the ellipticity
close to the wavelength where the maximum polarization rotation
occurs, Ag = 690 nm. (b) Voltage dependence of the ellipticity peak-
valley difference, Aép_y = &p — &y. The inset shows the reduction
of &p (black solid line) and &, (red dashed line) as the applied voltage
is raised above the Freedericksz threshold.

anomaly seems to be directly associated with the mismatch
between wavelength positions of resonant modes and maxi-
mum polarization rotations. For V/V;;, = 2, we observe that
the divergence of v, /c occurs in a wavelength very close
to the resonant mode. As the applied voltage is raised well
above the Freedericksz threshold (V/V,, = 8), the anomaly
is suppressed, with the divergence of v, /c being replaced
by a pronounced reduction of group velocity at the resonant
mode wavelength. In this case, the divergence of v, /c holds
while the wavelength mismatch is non-null. However, it is
important to emphasize that the divergence of v,./c occurs
for wavelengths where the transmittance is null. The above
results show that the field-induced reorientation of the nematic
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FIG. 8. Group velocity spectra (in units of ¢) of magnetophotonic
crystal with a dual defect, considering different applied voltages
on the nematic layer: V/V,, = 0 (black solid line), V/V,, = 2 (red
dashed line), and V/V,, = 8 (blue dashed-dotted line). The gray
region marks the band gap width. Notice that an anomaly on the
group velocity takes place due to the mismatch between wavelength
positions of resonant modes and maximum polarization rotations.

director can be used to tune minimum and maximum of
group velocities of a light wave packet propagating through
a magnetophotonic structure presenting magnetic and nematic
layers as a dual defect. Such a behavior is particularly interest-
ing in development of slow-light devices, such as optimized
solar cells [42], label-free biosensors [43], and electro-optic
modulators [44].

IV. SUMMARY AND CONCLUSIONS

In summary, we investigated the spectral properties of
an alternated sequence of magnetic and dielectric layers,
containing a dual defect based on magnetic and nematic
layers. Combining the Hydrodynamic Continuum Theory for
nematic liquid crystals and Berreman’s formalism, we deter-
mined how the nematic ordering affects the light localization,
polarization rotation, and slow-light phenomena observed in
the magnetophotonic system. In particular, we analyzed the
effects associated with a field-induced reorientation of the

director in a nematic defect with strong planar boundary
conditions. Our results revealed that the linear birefringence
of the nematic layer becomes relevant for spectral properties
of the multilayered structure when its thickness becomes
comparable to that of regular layers. Otherwise, the central
magnetic and nematic layers behave as a single defect, with
an effective thickness d,, + d,. For d, > £,,/2, we noticed
that a second resonant mode emerges inside the photonic
band gap in addition to the resonant mode associated with the
central magnetic defect. However, a pronounced wavelength
mismatch takes place between the wavelength positions of
resonant modes and maximum polarization rotation, due to
the distinct propagation eigenmodes of electromagnetic waves
for each defect layer. Concerning the effects associated with
an external electric field, we showed that the reorientation of
the nematic director can be used as an efficient mechanism to
tune resonant modes inside the photonic band gap, reducing
the typical wavelength mismatch observed in 1D photonic
structures based on materials presenting circular and linear
birefringence. Further, we verified that the introduction of
a nematic defect may give rise to anomalies in the group
velocity spectra, being characterized by the divergence of
group velocity at the wavelength of maximum polarization
rotation. On the other hand, slow-light phenomena were ob-
served at wavelengths corresponding to the resonant modes,
which can be suitably tuned by the external electric field.
In particular, we verified that the anomalies in the group
velocity spectra vanish as the applied electric field is raised
well above the Freedericksz threshold, accompanying the sup-
pression of the wavelength mismatch between resonant modes
and maximum polarization rotation. Our results showed that
magnetophotonic structures containing a dual defect exhibit a
rich phenomenology, which can exploited in the design of new
optical devices, such as optimized solar cells [42], label-free
biosensors [43], and electro-optic modulators [44].
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