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Abstract. The paper presents the investigation of magnetophotonic crystals with different
metal layers for the formation of a Tamm plasmon polariton. It was revealed that the structure
with the Ag layer has the resonance with a higher optical quality factor. It is shown how a
change in the symmetry of the structure affects the properties of the hybrid state of Fabry—
Perot and Tamm plasmon polariton modes. The effect of oblique incidence and polarization of
incident light on the localization of light in the layers of the structure is demonstrated.
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AnHoranuga. B cratbe mnpencraBlieHO HCCleIOBaHME MAarHUTO(MOTOHHBLIX KPUCTAJJIOB
C pa3IMYHBIMM METAJUIMYECKUMU CJIOSIMU 11T (hOPMHUPOBAHMSI TaMMOBCKOIO IIa3MOH-
noasputoHa. bbllo oOHapyXXeHO, 4YTO CTpyKTypa co cjioeM Ag ob6jagaeT Haubosee
IOOpPOTHBIM pe3oHaHcoM. I[lokazaHO, KaK M3MEHEHHE CHUMMETPUM CTPYKTYpHI BIMSCT Ha
cBolicTBAa THOpUIHOTO cocTosTHUS Monm Padpu — [lepo M TAMMOBCKOTO TIJIa3MOH-TTOJIIPUTOHA.
I[IpoaeMOHCTPUPOBAHO BIMSIHME HAKJIOHA W MOJJIpU3alUdM MAafalolIero W3JydeHus Ha
JIOKAJIM3aLMIO CBETA B CJIOSIX CTPYKTYPHI.

KimoueBbie ciaoBa: TaMMOBCKMWIA TIJIa3MOH-IIOJIIPUTOH, MarHUTO(GOTOHHBIE KPUCTAJLIHI,
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Introduction

In magnetophotonic crystals (MPCs) based on iron garnet with a single Fabry—Perot mode,
as well as in the structures with formation of optical Tamm plasmon-polariton mode (TPP), an
increase in magneto-optical effects (MO) at resonant wavelengths arises [1, 2]. In previous works,
the simulations of such structures were given and the amplification of MO effects by 20—50 times
was shown. Then it was proposed to investigate not only structures with single modes, but also their
hybrid state [3]. The presence of the hybrid state in such structures is due to the coincidence of the
resonance conditions of the optical modes of Fabry—Perot and TPP: the selection of the thickness
of the structure layers — the cavity layer of MPC and the layer adjacent to the metal plasmon layer.
In this work, it is proposed to investigate how the hybrid state behaves if we change the symmetry
of a microcavity MPC and the metal layer (Ag, Au, Cu) in cases of normal and oblique incidence.

Materials and Methods

The simulations were carried out using the 4x4 transfer matrix method, which uses the approach
of Berreman et al. [3] to form transfer matrices of layers and the entire structure. MPCs with a next
general formula are considered as the structures with hybrid state of Fabry—Perot and TPP modes:

GGG/[TiO,/Si0_]"/D1/[SiO,/TiO,]"/D2/Me, (1)

where TiO, is the layer of TiO,; SiO, is the layer of SiO,; Me is the metal layer (Ag, Au or Cu);
m, and m, are the numbers of layer pairs in Bragg mirrors; D1 and D2 are the layers on which
the formation of Fabry—Perot and TPP modes depends, respectively. Double-layer film of com-
position Gd,Sc,Ga,0,,/Bi, Y ,Fe.O , was selected as D1-layer. D2-layer was SiO,. The thickness
of D1-layer was selected to create the Fabry—Perot mode in the center of photonic band gap in
the vicinity of 700 nm at normal incidence. To create hybrid state, the thickness of D2-layer sets
the resonant wavelength of TPP at the vicinity of 700 nm also.

Assuming that it is possible to achieve a change in the hybrid state for asymmetric microcavity
MPCs, we changed the number of layer pairs m1 and m2 in the calculations, actually transform-
ing the localization of light inside D1- and D2-layers. Three configurations were considered for
comparison: (2) m, =2, m, = 6; 3) m, =4, m, =4, (4) m, = 6, m, = 2.

The interaction of light is described for each layer by a dielectric constant tensor of the form
listed in publication [2]. Dielectric constants at a wavelength of 700 nm are as follows: for the
iron-garnet layer: ¢ = 6.77 + 0.05-4, g, = = 0.03; for Au-layer: ¢ = -15.00 + 2.16-i; for Cu-layer:
e = -18. 22 + 0. 861 for Ag-layer: ¢ = = -19. 8973 + 0.70-4; for layer of TiO: e = 5 42; for layer
of Si0,: e = 2.19; for GGG: g = ="3.90. The thickness of used layers was h(TlO) =76 nm,
h(SiO, ) = 120 nm, A(D1) = 286 1 nm, A(Me) = 30 nm. To create a hybrid state at normal inci-
dence it is necessary that the thlckness of D2-layer was, depending on the plasmon layer and
conﬁguration used, in the range 206—210 nm.

Results and Discussion

First of all, we will find out how the hybrid state of MPCs (2), (3) and (4) manifests itself at
normal incidence. As can be seen from the simulated transmittance and Faraday rotation spectra
of MPC (3) (Fig. 1), the hybrid state manifests itself in the form of two resonances located apart
from each other at a certain spectral interval A (the splitting of hybrid mode), as it was shown
earlier [4]. At the same time, the value of A it is weakly dependent on the metal used. Basically,
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strong changes in the resonance values of the transmittance and Faraday rotation for two modes
occur when Au is replaced by Ag. The resonances of modes become more pronounced, and the
transmittance increases by 1.3—2 times. The angle of Faraday rotation also increases by 1.2—2
times. The characteristics of MPCs with Ag and Cu layers are very close to each other.

The splitting of hybrid mode A can be changed introducing the asymmetry of MPC (1). In
the case of MPC (2), we observe the hybrid state in which a single resonance is observed, since
the Fabry—Perot mode is weakly pronounced (Fig. 1, ¢). In this regard, we observe also a weak
effect on Faraday rotation spectra (Fig. 1, d). When the parameters of the structure change, the
competition and redistribution of intensity within MPC occurs. As a consequence, for MPC (4)
A is the maximum, the TPP mode is dominant.
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Fig. 1. Transmittance (a) and Faraday rotation angle (b) spectra of MPC (4) with a different
metal layer. The thickness of D2-layer was 206, 209 and 208 nm for Au, Ag and Cu, respectively.
Transmittance (¢) and Faraday rotation angle (d) spectra of MPC (2) and (4).

The thickness of D2-layer was 210 nm

After that, we simulated the properties of MPCs at oblique incidence of light. As shown earlier
in the works [5—7] as the angle of incidence increases, the Fresnel reflection coefficients for s- and
p-polarized waves become different. This results in an increase in Q-factors of the optical modes
of MPC for s-polarized wave and a decrease for p-polarized wave, which arise with increasing
the angle of incidence. As a result, the angle of Faraday rotation increases for s-polarized wave,
and decreases for p-polarized wave. This is accompanied by the change in the localization of light
within the structure when polarization changes (Fig. 2).
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Fig. 2. Faraday rotation spectra of MPC (2) with Ag (a) and Au (b) layer with thickness
of 30 nm at incidence angle of 25° for s- and p-polarization. Distribution of square of amplitude
of electric field of light in MPC (2) with Ag-layer at wavelength of 681 nm (c)
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For example, for MPC (2) at an angle of 25°, at which a hybrid state with equal amplitudes of
Fabry—Perot and TPP resonances is observed for s-polarization in Faraday rotation spectrum, it is
possible to achieve a change in the spectra by transition to p-polarization. TPP resonance located
at 681 nm weakens, but Fabry—Perot resonance remains virtually unchanged (Fig. 2, a, b). By
actually changing the polarization, we achieve a redistribution of light intensity exclusively in
the vicinity of Ag-layer (Fig. 2, ¢). It is worth noting that for the other metal, Au, this effect will
be absent.

Conclusion

The paper considers structures with a hybrid state of Fabry Perot and TPP modes. It is deter-
mined that the splitting of hybrid mode A can be controlled by changing the symmetry of MPC
with cavity structure. It is determined that the use of different metals as a plasmon layer makes
it possible to change the Q-factor of resonances of Fabry—Perot and TPP modes. It is indicated
that the most pronounced resonance of TPP mode is possessed by MPC with Ag-layer. It has
been revealed that in asymmetric structures at oblique incidence, we can controllably change the
localization of light in the layers by polarization.
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