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4 École Nationale d’Ingénieurs de Brest,

IRDL, UMR CNRS 6027, Brest, F-29000, France
¶e-mail: panyaev.ivan@rambler.ru

Received April 25, 2024

Revised April 25, 2024

Accepted May 20, 2024

We study one-dimensional three-periodic photonic crystal structures based on dielectrics (SiO2, TiO2) and

ferrite garnets (YIG, Bi:YIG), forming supercells of the type [(ab)N(cd)M ]K . Using the 4× 4 matrix method, the

frequency-angular spectra of plane electromagnetic waves of orthogonal polarizations are studied, and a comparative

analysis of photonic band gaps for non-magnetic and magnetic photonic crystals and their combinations are carried

out. The transverse (equatorial) magneto-optical Kerr effect, which occurs under 180◦-magnetization reversal of

the structures under consideration, has been studied. The applied aspect of using the results to create magnetically

active optoelectronic components and nanophotonics devices operating in the infrared range is discussed.
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1. Introduction

Photonic crystals (PC) are artificial periodic structures

with a period of the order of the electromagnetic radiation

wavelength. During several decades, PCs have been the

objects of intensive research and widely used in such areas

as optoelectronics, spintronics, photonics due to their unique

physical properties [1–5]. A characteristic feature of a

PC is the presence of photonic band gaps (PBGs) —
frequency (wavelength) ranges where the propagation of

electromagnetic radiation inside the structure is impossible.

The simplest example of a PC is a one-dimensional (1D)
two-component periodic system where alternating layers of

different materials a and b are repeated N times forming a

finite structure (ab)N .

Breaking of the PC periodicity leads to appearance of

narrow transmission bands inside the PBG — intraband

defect modes, which allows to use the PCs as narrow-band

frequency filters and sensors. PCs with a complex structure

of the unit cell on the base of three and more different

materials forming periodic subsystems inside the unit cell

are of special interest. Such PCs have a modified structure

of PBGs where sets of narrow peaks as well as transmission

bands can exist in different variations [6–10]. Advantages of
such structures compared with

”
classical“ 1D PCs are the

possibility of easier PBG tuning to the specified frequency

ranges and the presence of intraband modes that which are

narrower in frequency, etc.

PC structures with two periods where the internal block

(ab)N is inside the unit cell [(ab)Nc], repeating M times,

were treated as photonic-magnonic crystals [11–15] and

as photonic hypercrystals [16–19]. In paper [20] the

intraband modes in the near infrared transmission spectra

of the(abc)N type ternary PC structure are investigated.

Paper [21] proposes a ternary
”
Si/polymer/SiO2“ PC struc-

ture as a temperature sensor. The operating principle of

the proposed devices is based on the red shift of the

transmission peak with the increase of temperature due

to the thermo-optic effect and thermal expansion of the

polymer. Ternary PC containing a superconductor has

the same operating principle [22]. 1D PC biosensors can

achieve more than double increase of the volumetric and

surface sensitivity compared with conventional micromirror

sensors [23]. Ternary 1D PC can be used in highly sensitive

defect mode refractometric sensors [24].

When using functional materials, i. e. media whose prop-

erties can be controlled through external sources (electric
and magnetic fields, pressure, temperature, etc.), additional
possibilities appear to adjust optical properties of the PC

structure components. Structures based on magnetic media

are one of the classes of such structures that have been

widely and successfully used over the last two decades. The

interest in magneto-optical (MO) materials is justified by the

presence of effects that change the polarization state and/or

intensity of the interacting electromagnetic waves (EMWs),
which is used in various photonic devices (switches, optical

insulators, phase shifters, etc.). Depending on the mutual

orientation of the wave vector of the EMW reflected from a

MO structure and the magnetization vector direction, one
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can distinguish the polar, the longitudinal (meridional),
and the transverse (equatorial) MO Kerr effects. Thus,

the transverse MO Kerr effect leads to a change in the

intensity of light reflected from a magnetic material during

the magnetization inverse. Therefore, it is widely used

to study magnetic properties of media, to determine the

parameters of ultrathin ferromagnetic films [25] and also

can be used in data storage devices [26]. This effect can also

occur in magneto-plasmonic structures [27] and, besides the
properties of a MO material, can depend on other factors.

For example, mismatch strains that occur in the vicinity of

the geometrical boundary of a magnetic dielectric film —
yttrium-iron garnet (YIG) Y3Fe5O12 - epitaxially grown on a

gadolinium-gallium garnet substrate can cause a significant

transverse MO Kerr effect which is negligibly low when

there are no in absence of the strain [28].

So far, there is a large number of works on PCs

containing magnetic bigyrotropic garnets and their varieties,

in particular, bismuth-substituted YIG (Bi : YIG), cerium-

substituted YIG (Ce : YIG), etc. [29,30]. Propagation of light

in MO structures containing randomly distributed layers of

Bi : YIG and SiO2 is analyzed by the transfer matrix method

in [31]. The papers [11–15] have addressed photonic-

magnonic crystals — biperiodic magnetic PCs functioning

simultaneously for electromagnetic waves and spin waves,

however, MO effects have not been investigated, with the

exception of [15], where the peculiarities of the Faraday

rotation in these structures have been studied.

This work describes theoretical studies of the

[(ab)N(cd)M ]K type three-periodic 1D PC consisting of

dielectrics (SiO2, TiO2) and bigyrotropic iron garnets (YIG,
Bi : YIG). We discuss frequency spectra of EMWs, in

dependence on the incidence angle, for the given type of the

PC, optimal combinations of layers and layer thicknesses for

the PBG tuning, as well as application opportunities of the

transverse MO Kerr effect for the development of modern

nanophotonic devices.

2. Problem formulation

Let us consider the [(ab)N(cd)M ]K type three-periodic PC

(Figure 1) formed by a supercell repeated K times. The su-

percell is a combination of two multilayer (ab)N and (cd)M

structures consisting of different materials a, b, c, d. The

thicknesses of (ab) and (cd) subcells are denoted as

L1 = la + lb and L2 = lc + ld , and the supercell thickness

(superperiod) is equal to L3 = NL1 + ML2 so that the

total structure thickness is equal to KL3. PC layers are

arranged parallel to the (xy) plane. It is assumed that the

longitudinal dimensions of PC (along the x and y axes) are

quite large so that the boundary effects in these directions

can be neglected. Layer thicknesses in the (ab) and(cd)
subcells are chosen according to the Bragg’s condition:

na,bla,b = λ01/4 and nc,d lc,d = λ02/4, where λ01 and λ02 are

the Bragg wavelengths of the (ab) and (cd) subcells,
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Figure 1. Schematic of [(ab)N(cd)M ]K three-periodic magnetoop-

tical PC structure for N = 3, M = 3 and K = 5. Arrows in the top

inset show the magnetization vectors Mc and Md of the magnetic

layers, the bottom inset shows the thicknesses of layers a, b, c, d

that form the PC.

respectively, na,b,c,d are the refractive indices of layers at

the corresponding Bragg’s wavelength.

TE- or TM-polarized plane EMW with the angular

frequency ω and the wave vector k impinges the PC

surface in the incoming medium under the angle θ, so

that the (xz ) plane is the plane of incidence. PC subcells

can be formed from four layers a, b, c, d in different

ways. However, below, we restrict ourselves with the

case when the first (ab) cell consists of dielectric non-

magnetic SiO2 and TiO2 layers, and the second (cd)
cell consists of bigyrotropic YIG and Bi : YIG layers. All

chosen materials are transparent in near IR range and are

characterized by real values of dielectric permittivities ε j

(here j = in, a, b, c, d, out, whereas the incoming and

outcoming media (air) are denoted as in and out). As it

will be shown below, such a choice of the materials allows

us to obtain a sufficiently wide PBG with a system of narrow

intraband transmission peaks [6].
We consider the transverse MO configuration, where a

permanent magnetization field is applied along (or opposite
to) the y axis, and the YIG and Bi : YIG layers have

the saturation magnetizations |Mc | and |Md |, respectively.
Taking into account the first-order terms in the magnetiza-

tion vector components, dielectric permittivity and magnetic

susceptibility tensors are written as [26]:

ε̂ =





ε 0 iε′

0 ε 0

−iε′ 0 ε



 , µ̂ =





µ 0 iµ′

0 µ 0

−iµ′ 0 µ



 . (1)

Note that the off-diagonal components of the tensors

ε̂ and µ̂ are magnetically-induced and responsible for

bigyrotropic properties of the chosen iron garnets.

3. Theory

The wave field components E and H of incident

plane EMW with the frequency ω are proportional
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to exp[i(ωt−kx x−kz z )], where kx = k0 sin θ (propagation
constant) and kz = k0 cos θ are the wave vector projections

on the x and z axes, respectively, and k0 = 2π/λ is the wave

number of EMW in vacuum. The transverse magnetization

of the magnetoactive layers and the wave field homogeneity

along the y axis lead to the separation of eigenstate EMW

into TE- and TM-modes with the wave field components

{Hx , Ey , Hz} and {Ex , Hy , Ez}.
For TE-modes, the tangential electric field component Ey

in the j-th medium is

Ey j(z ) = Fj exp(−ikz jz ) + B j exp(ikz jz ), (2)

where Fj and B j are the amplitudes of the
”
forward“

and
”
backward“ waves propagating along and opposite

to the z axis (taking into account the chosen time-

dependence of the EMW field on the time exp(iωt)),
kz j = k0

√

ε jµ j−k2
x are z -components of the wave vectors

which are the same for the TE- and TM-modes in the

isotropic medium.

The tangential magnetic field component Hx of the TE-

mode is written as:

Hx j(z ) =
[

γ−
µ j Fj exp(−ikz jz ) + γ+

µ j B j exp(ikz jz )
]

, (3)

where γµ j = kz j/k0µ j with j corresponding to TiO2

and SiO2, and

γ±
µ j = ±

µ jkz j + iµ′
jkx

k0(µ2
j − µ′2

j )

for Bi : YIG and YIG. There is no reflected wave in the

outcoming medium, therefore Bout = 0 in contrast to the

incoming medium where the corresponding coefficient is

B in 6= 0. For the TM-modes, the tangential electric and mag-

netic field components Ex j(z ) and Hy j(z ) are written sim-

ilar to the expressions (2) and (3) with the field amplitude

F̃j and B̃ j and with the coefficients γµ j and γ±
µ j replaced

with the corresponding expressions γε j = kz j/k0ε j and

γ±
ε j = ±

ε j kz j + iε′jkx

k0(ε2j − ε′2j )
.

To obtain the transmission (reflection) coefficients of

the electromagnetic modes, the standard (4× 4) transfer

matrix method is used [32]. For convenient writing of the

continuity equations for the tangential wave field compo-

nents (Ex , Ey , Hx , Hy ) at the interfaces of all media, a field

amplitude column vector 9 j = (FjB j F̃j B̃ j)
τ is introduced

(here τ is the transposition operation). Sequential exclusion
of the field amplitudes at the internal interfaces of PC gives

a transition to a set of four algebraic equations connecting

the fields in air on the opposite sides of PC which can be

written as:

9out(KL3) = Ê−1
out (KL3)Ŝout,a Ĝa,in9in. (4)

Here, Ĝ is the (4× 4) transfer matrix for the supercell:

Ĝ = Ŝac T̂ M
cd Ŝca T̂ N

ab. (5)

Here, T̂ are transfer matrices for the (ab) and (cd)
subcells defined by the following expressions:

T̂ab = ŜabÊb(lb)Ŝba Êa(la),

T̂cd = ŜcdÊd(ld)Ŝdc Êc(lc), (6)

where the matrices Si j = Â−1
i Â j connecting the wave field

amplitudes at the interface of layers i and j have a

quasidiagonal form

Â j =

[

Â(TE)
j Ô

Ô Â(TM)
j

]

.

Ô are zero matrices (2× 2), and the coefficient matrices

A(TE)
j , A(TM)

j for TE- and TM-modes are written as

Â(TE)
j =

[

1 1

γµ j −γµ j

]

, Â(TM)
j =

[

1 1

γε j −γε j

]

. (7)

Diagonal matrices in equations (6)

Ê j(l j) = diag
[

exp(−ikz jl j), exp(ikz j l j),

exp(−ikz jl j), exp(ikz jl j)
]

(8)

characterize the phase incursion inside the layer j with the

thickness l j . For detailed description of the transfer matrix

method, see, for example, study [32]. The transmission

coefficients T (TE) and T (TM) the reflection coefficients R(TE)

and R(TM) are determined as follows:

T (TE) = |Fout|
2/|Fin|

2, T (TM) = |F̃out|
2/|F̃in|

2, (9)

whereby without absorption

R(TE),(TM) = 1− T (TE),(TM). (10)

The value of the transverse MO Kerr effect can be

determined in different ways, for example, in a way similar

to the optical contrast [33,34]. In this work, the transverse

MO Kerr effect parameter is determined as

δ =
R+ − R−

R+ + R−
, (11)

where R± is the energy reflection coefficient for PC whose

magnetic layers are magnetized along the y axis (
”
+“) and

opposite to the y axis (
”
−“), respectively.

4. Numerical analysis and discussion

Let us assume that the energy of the incident EMW is

not too high, therefore nonlinear effects which can occur in

the structure at high intensities can be neglected. Dielectric

permittivities and magnetic permeabilities of materials are

given in the table. Since the frequency dispersion of the

constitutive parameters of the system affects its optical
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Dielectric permittivity and magnetic permeability of materials (parameters of equation (1))

constitutive parameter
Material

TiO2 SiO2 YIG Bi : YIG

ε εTiO2
(λ), [35] εSiO2

(λ), [36] εYIG(λ), [37] 5.76 [38], [39]∗

ε′ 0 0 −2.47 · 10−4 (λ = 1.152 µm, [40]) 0.005 [38]

µ 1 1 1 1

µ′ 0 0 8.76 · 10−5 (λ = 1.152 µm, [40]) 1.65 · 10−5 [41], [42]

Note. ∗ The chosen refractive index for Bi : YIG is close to the conventional value, for example, for Lu3−xBixFe5O12 (n = 2.33) samples, and strongly

depends on the concentration of bismuth.

response, the permittivity dispersion is taken into account.

For the Bi : YIG layers, the off-diagonal component of the

dielectric permittivity tensor can be determined as follows:

ε′ ≈ 2θF nBi:YIG/k0, where θF is the specific Faraday rotation

angle, and nBi:YIG is the effective refractive index. It

should be noted that minor frequency dispersion of the off-

diagonal dielectric permittivity and magnetic permeability

tensor elements of materials are neglected.

4.1. Reflection spectra

The theoretical method described in Section 3 is applied

to the calculations of frequency dependences of the EMW

reflection coefficients for the three-periodic PC structure in

the first PBG area. Note that the PC spectra strongly depend

on the materials of the layers and their combinations, which

has been studied in our work [6]. As three-periodic PC

, the [(SiO2/TiO2)
N(YIG/Bi : YIG)M ]K structure is chosen

where the first (nonmagnetic) pair of materials (SiO2/TiO2)
is characterized by a significantly high optical contrast

compared with the second (magnetic) pair (YIG/Bi : YIG).
Thus, the SiO2 layer is the first layer on which the EMW

falls.

First, it makes sense to compare the reflection

spectra of simple single-periodic PCs (SiO2/TiO2)
NK

and (YIG/Bi : YIG)MK which form a complex system, and

a resulting three-periodic quaternary PC based on them.

Figure 2 shows the frequency-angle dependences of the

reflection spectra for TE- and TM-modes (left and right

columns, respectively) in the PC with the number of layers

N = 3, M = 10, K = 3. Period number N, M and superpe-

riod number K are chosen to ensure the formation of pro-

nounced PBGs with sharp edges for each single-period PC

The first and second rows show the single-periodic PC

spectra: dielectric PC [(SiO2/TiO2)]
NK and bigyrotropic

PC[(YIG/Bi : YIG)]MK , respectively, and the third row shows

the quaternary PC spectra [(SiO2/TiO2)
N(YIG/Bi : YIG)M ]K .

In [6], it has been shown that the behavior of the

transmission spectra (position, width and sharpness of the

PBGs boundaries and intraband modes) of three-periodic

PCs depends significantly on the Bragg’s wavelength tuning

for each of the subcells (non-magnetic and magnetic),
i. e. on λ01 and λ02. Here the layer thicknesses are

chosen so that the quarter-wave condition is satisfied for

λ01 = λ02 = 1.55µm. For the dielectric PC, a sharp PBG

is formed with a less number of layers (i.e. NK = 9) than

for the bigyrotropic PC (MK = 30) due to a lower optical

contrast of the YIG/Bi : YIG layers.

Let us first discuss the spectral characteristics inherent

in all the structures studied. Light regions of the spectra

correspond to the PBGs, i.e. to the reflection bands, and

the dark regions correspond to the passbands or intraband

modes. At normal incidence of the EMWs (θ = 0), the TE-

and TM-polarized wave spectra coincide, i. e. degeneracy

takes place. At oblique incidence of the EMW (θ 6= 0), the
degeneracy of the disappears, as the optical paths of the rays

corresponding to the modes of both polarizations become

different. The increase of the incidence angle leads to the

shift of the PBG and transmission band boundaries towards

higher frequencies and to a slight broadening of the PBG for

TE-modes and narrowing of the PBG of or the TM-modes.

Accordingly, as θ increases the TE-mode transmission bands

narrow, while the TM-mode transmission bands broaden.

The PBG of the dielectric PC (SiO2/TiO2)
9 is approx-

imately 4 times wider than the PBG of the bigyrotropic

PC (YIG/Bi : YIG)30 (Figure 2, a, c and Figure 2, b, d).
In the three-periodic [(SiO2/TiO2)

3(YIG/Bi : YIG)10]3 struc-

ture, the PBG position is still defined by the dielectric cells,

whereby the PBG itself is a little wider than that of the

dielectric PC due to the introduction of magnetic cells as

can be seen from the comparison of spectra in Figure 2, a, e

and Figure 2, b, f. Moreover, the presence of magnetic cells

leads to the appearance of several reflection bands, each of

which is split in two (i. e., as shown before in [9], the number

of peaks in each band is equal to K−1, which corresponds

to two in this structure).

4.2. Transverse magneto-optic Kerr effect

The influence of the magnetization in YIG and Bi : YIG

layers on the optical response of the system is discussed be-

low referring to the reflection and transverse MO Kerr effect

spectra. In the following, we focus on the transverse MO

Kerr effect in the vicinity of the intraband modes because

this effect can achieve high values in the area of spectrally

narrow optical resonances (an example of which is the

Optics and Spectroscopy, 2024, Vol. 132, No. 5
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Figure 2. Reflection spectra RTE,TM(ω, θ) for TM- and TE-modes (left and right columns, respectively) for PC with N = 3, M = 10,

K = 3: (a, b) non-magnetic PC [(SiO2/TiO2)
N ]K ; (c, d) magnetic PC [(YIG/Bi : YIG)M ]K ; (e, f ) three-periodic magnetic PC structure

[(SiO2/TiO2)
N(YIG/Bi : YIG)M ]K . The YIG, Bi : YIG layers are magnetized along the y axis. The Bragg’s wavelengths for the non-magnetic

and magnetic cells are equal to λ01 = λ02 = 1.55 µm.

defect modes inside the PBG) [33]. Therefore, for higher

contrast of intraband modes the number of superperiods is

increased up to K = 10. Here, the Bragg condition is im-

plemented at the same wavelengths λ01 = λ02 = 1.582µm

for both subcells so that one of the intraband modes

(narrow reflection bands) coincides with the operating

(telecommunication) wavelength λ = 1.55µm.

Figure 3 shows the reflection spectra of the

[(SiO2/TiO2)
3(YIG/Bi : YIG)10]10 structure (blue and red

curves for the magnetization in the bigyrotropic layers

along and opposite to the y axis, respectively) and the

transverse MO Kerr effect parameter δ (grey curve)
calculated using equation (11) for the fixed incidence angle

θ = 60◦ . Several intraband modes exist inside the PBG

(Figure 3, a), with each of them split into (K−1) = 9

full transmission bands (in a form of
”
comb“), which

corresponds to R → 0. Note that within the graphical

accuracy the spectra R+ and R− in Figure 3, a are almost

indistinguishable. The split intraband mode spectra in the

area of ω = 1.21 · 1015 rad ·Hz are shown in Figure 3, b,

and Figure 3, c zoom on one of the reflective minima of

the intraband mode at ω = 1.2161 · 1015 rad · Hz (which

corresponds to the wavelength of 1.55µm). It can be seen

that near the resonant frequency δ → ±1. Such high values

of the transverse MO Kerr effect are comparable with δ

in magneto-plasmonic resonant structures [33]. However, in
contrast to magneto-plasmonic structures, the investigated

three-periodic magnetic PC system is characterized by neg-

ligibly low loss in the near IR range. During magnetization

inverse of the bigyrotropic layers, i. e. during rotation of the

magnetization vector at 180◦ with respect to the positive y
axis, blue shift of spectrum takes place and achieves

0.5GHz (Figure 4, c). The shift of the minimum reflection

coefficient position during the magnetization inverse is

small with respect to the full width at half maximum

of the reflection band itself (FWHM= 50GHz) for this

structure, however, it can be increased in materials with the

specific Faraday rotation angle larger than that of YIG. For

example, europium sulfide and europium selenide have the

potential to replace in the nearest future magnetic garnets

in magnetophotonic devices due to the MO constants

exceeding the corresponding YIG constants by hundreds of

times [43].

Behavior of reflection coefficients during the mag-

netization inverse of the magnetic layers is dis-

cussed below. Figure 4 shows the reflection spectra

for TE- (a, b) and TM-waves (c, d) incident on the

[(SiO2/TiO2)
3(YIG/Bi : YIG)10]10 structure at 60◦ . Red

(solid) lines show the EMW reflection spectra for the

cases of the magnetization of YIG and Bi : YIG layers

Optics and Spectroscopy, 2024, Vol. 132, No. 5
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Figure 3. The reflection spectra and the MO Kerr effect

parameter in the [(SiO2/TiO2)
3(YIG/Bi : YIG)10]10 structure for

the TE-wave incident at θ = 60◦. (c, b) — sequential zoom

of spectra for the region near ω = 1.2161 · 1015 rad · Hz (corre-
sponds to the operating wavelength 1.55 µm). The magnetization

of the bigyrotropic layers is oriented along and opposite to

the y axis (red solid and blue dashed curves, respectively), the
Bragg’s wavelengths for the non-magnetic and magnetic cells are

λ01 = λ02 = 1.582 µm.

along the y axis, blue (dashed) lines show the reflection

spectra for the magnetization opposite to the y axis.

The Bragg wavelengths for the cells are selected in

order to ensure the narrowest reflection minima at the

given operating wavelength 1.55µm separately for the TE-

and TM-modes. This can be clearly seen in Figure 4, a, b

which shows the EMW spectra for the magnetic layer

thicknesses lYIG = 0.179µm, lBi : YIG = 0.164µm (for TE-

mode) and lYIG = 0.184µm, lBi : YIG = 0.168µm (for TM-

mode). It is seen that the rotation of the magnetization

vector by 180◦ relative to the positive direction of the

axis y leads to a blue shift of the reflection spectrum.

Angular frequency shift of the reflection spectrum during

the magnetization inverse (i. e. the difference of reflection

coefficient minima) is about 0.4 rad · Hz for the TE-mode

(Figure 4, a), and about 2.4 rad ·Hz for the TM-mode

(Figure 4, b). The value of this shift (i. e. the difference

of reflection minima) during the magnetization inverse of

the structure can be varied, for example, by variation of the

magnetic layer thicknesses. Figure 4, c, d shows the equiva-

lent spectra for the magnetic layers with increased thickness:

lYIG = 1.283µm, lBi : YIG = 1.176µm (for the TE-mode)
and lYIG = 1.286µm, lBi : YIG = 1.179µm (for the TM-

mode). Comparison of Figure 4, a and 4, c and Figure 4, b

and 4, d shows that for the TE-mode the frequency shift

increases by about 6 times, up to 2.4 rad ·GHz, and

for the TM-modes the frequency shift increase is more than

twofold, up to 5.6 rad ·GHz. Such noticeable difference

in the shift values for the TE- and TM-modes can be

explained by considerable difference in the off-diagonal

tensor elements ε̂ and µ̂ (Table).

Note that there is currently a technological constraint in

the fabrication of YIG films — usually due to the mismatch

strains between the garnet and substrate, garnet films with

thicknesses more than 1.2µm lose their optical quality

and can crack. In the investigated PC, the magnetic film

thicknesses do not exceed this limit.

5. Conclusion

The features of the reflection spectra (in the near IR

range) of a three-periodic quaternary PC consisting of

nonmagnetic dielectric layers (silicon and titanium oxides)
and magnetoactive layers (YIG and Bi : YIG) have been

investigated. It has been found that the transverse MO

Kerr effect which appears in the investigated structure can

reach maximal values ever reported for this effect (values
of the

”
modulation depth“ δ → ±1), which is shown at

the frequency corresponding to the telecommunication

wavelength 1.55µm. It is shown that during the 180◦ -

magnetization inverse of the magnetic layers in the structure

(along and opposite to the y axis) the reflection minimum

shifts in frequency from tenths of GHz to several GHz.

The transverse MO Kerr effect makes it possible to

implement a modulation of the shift of the PC transmis-

sion/reflection band on the basis of the investigated structure

through the magnetization inverse in the magnetoactive

layers (180◦ turn of the magnetization direction of the

layers with respect to the direction perpendicular to the

propagation of light). Operating (switching) frequency

of such a modulator will be limited by the time of the

magnetization inverse of the structure and can achieve

values of about of hundreds of MHz [44].
The obtained dependencies can be used for quality

control of the PC surface, to get more complete picture

of the PC magnetization (i.e. information on the transverse

magnetization component in the layers) which cannot be

obtained only through the Faraday effect and the polar MO

Kerr effect experiments [33]. The results can be also used

for the creation of magnetoactive optoelectronic compo-

nents and nanophotonic devices (modulators and sensors)
operating in the IR range. Moreover, the investigated PC

can be used to create precision sensors (chemical sensors,
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Figure 4. Reflection spectra of the TE-wave (a, b) and TM-wave (c, d) in the same structure as in Figure 3. Wave incidence angle

θ = 60◦. The magnetization vectors in YIG and Bi : YIG are oriented along the y axis (red solid curves) and opposite to the y axis (blue
dashed curves). The Bragg’s wavelengths for the non-magnetic and magnetic cells: (a) λ01 = λ02 = 1.582 µm; (b) λ01 = λ02 = 1.6198 µm;

(c) λ01 = 1.6132 µm, λ02 = 7λ01; (d) λ01 = 1.6174 µm, λ02 = 7λ01.

biosensors) whose operating principle is based on recording

the variation of the refractive index of the analytical medium

through monitoring the transverse MO Kerr effect [45,46].
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