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General description of work

Relevance of the topic
Over the past three decades, the study of the interaction of radiation

with matter has reached a new qualitative level due to the rapid development
of the possibilities of controlled manufacturing of nano- and microstructures with
the required shape and size. This opened up broad prospects for the creation
of materials with unique optical properties, and also predetermined the main
directions of research in solid state physics and optics for years to come.

In particular, the idea of creating a light source compatible with
standard silicon technology, the basis of up-to-date nanoelectronics, has gained
new momentum due to the ability to control the dielectric environment of
semiconductor quantum dots. It is well known that a quantum dot placed in
a highly inhomogeneous dielectric medium can exhibit optical properties that
differ better from the optical properties of a quantum dot in free space in terms
of photoluminescence intensity and its relaxation time. Therefore, the problem
of searching for the dielectric environment of point light sources, to which a
part of the dissertation is devoted, is certainly an important and urgent task
of modern photonics. In addition, the inhomogeneous dielectric environment of
emitting objects also makes it possible to control the direction of radiation with
a given polarization state in various photonic structures, which is of interest to
researchers, since such effects can be used not only in optoelectronics, but also in
quantum information processing, biodetection, and optical filtration.

In parallel with research in the field of silicon photonics, the scientific
community is also attracted by alternative platforms for nanoelectronics, such as
plasmonics, polaritonics, graphene electronics, metasurface photonics, etc. The
advantage of plasmonics over traditional semiconductor photonics is the ability of
nanoplasmonic systems to localize light on a much smaller scale, which looks very
attractive from the point of view of implementing optical communication between
chip elements and between adjacent chips.

One of the promising ways to control the optical properties of dielectric
and plasmonic nanosystems is the use of magneto-optical effects in materials with
magnetic nanostructures. Such structures are currently attracting much attention,
since they represent the basis of the potential of magneto-optical effects for data
storage, for use in optical isolation systems, in various magnetic and biological
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sensors. Magneto-optical effects can also be used to implement ultrafast optical
switches in nanophotonic circuits, where short RF or optical pulses are used
instead of a slowly varying external magnetic field to control the dynamics of
magnetization in magnetic media.

Another area of photonics that is interesting from both fundamental
and applied points of view is the study of near-field radiative heat transfer in
vacuum between different microstructures. As is known, as the distance between
objects decreases down to submicron, the intensity of heat transfer between them
increases by orders of magnitude compared with the case of far-field radiative
heat transfer. Such giant amplification can be used to fabricate micro- and
nanostructures with artificially created thermal conductivity, which is of great
interest for applications where it is necessary to effectively control heat, for
example, in thermophotovoltaics.

All described promising systems and effects are the subject of this
dissertation, which makes it relevant. Thus, the main topic of the dissertation
is the study of the interaction of radiation with matter in dielectric and metal
dielectric nanostructures, including semiconductor photonic crystal layers and
single nanoobjects.

Goals of this work is a theoretical study of the influence of the near-field
redistribution of the field of resonant states of inhomogeneous nano- and micro
objects on their optical properties in the visible and infrared ranges, as well as
the study of the possibility of creating new photonics and optoelectronics devices
based on the revealed phenomena.

To achieve this goal, the following objectives are set and solved in the
work:

1. to implement as programs an algorithm for calculating the optical
properties of layer-by-layer periodic structures in the formalism of the
Fourier-modal method in the scattering matrix form;

2. to investigate the effect of field redistribution on the optical properties
of dielectric and metal-dielectric photonic crystal structures, such as
the spectra of reflection, transmission, photoluminescence and the
transverse magneto-optical Kerr effect;

3. to investigate the radiative characteristics of point light sources
located in a dielectric two-dimensionally periodic waveguide in
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terms of possibility of obtaining narrow resonance lines in their
photoluminescence spectra;

4. to study the possibility of using two-dimensionally periodic waveguide
layers with a chiral metasurface profile to create and control circularly
polarized radiation in the near and mid-infrared range;

5. to study the effect of eigenmodes of layered structures, metasurfaces
and single nanoobjects on the Purcell factor of electric dipoles located
in them;

6. to investigate the near-field radiative heat transfer between
homogeneous plates of polar materials in static and dynamic cases.

Key provisions submitted for defense:
1. The appearance of quasiguided modes in magnetoplasmonic crystals

with magnetite covered with a periodic array of gold nanostripes leads
to a wideband enhancement of the magneto-optical Kerr effect in
transmission compared to the case of homogeneous magnetite without
gold nanostripes.

2. In wedge-shaped semiconductor structures, the Purcell factor of
quantum dots located in them essentially depends on the thickness of
the buffer layer separating the emitting layer from the substrate. This
fact allows us to find the radiative and nonradiative recombination rates
of these quantum dots, as well as their internal quantum efficiency.

3. The resonant redistribution of the field in gold nanorods coated with a
thin layer of porous silicon dioxide leads to an increase in the Purcell
factor of light emitters located near this system, as well as to the
existence of optimal geometric parameters of this system in terms of
photoluminescence intensity.

4. In a dielectric photonic crystal slab with emitting quantum dots,
photoluminescence spectra contain high-Q peaks which are associated
with symmetry-protected bound states in the continuum. In a hexagonal
photonic crystal lattice, not only singlet, but also doublet bound states
in the continuum can be used to obtain high-quality peaks in the
photoluminescence spectra.
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5. The resonant redistribution of the field in a double chiral photonic
crystal slab waveguide leads to the effect of ideal vertical routing of
radiation from a circularly polarized dipole located in it.

6. The resonant redistribution of the field in a chiral photonic crystal
slab waveguide at infrared wavelengths leads to the effect of circularly
polarized thermal radiation of such a structure with a high degree of
circular polarization.

7. The intensity of near-field radiative heat transfer between two
homogeneous parallel plates, the time of their thermalization, as well
as their equilibrium temperatures essentially depend on the thickness
of the plates and the distance between them.

8. In a system of homogeneous parallel plates of silicon dioxide and
vanadium dioxide, which are in vacuum and exchange thermal energy
by radiation, the first-order phase transition in vanadium dioxide leads
to the appearance of thermal bistability and thermal self-oscillations
when an external energy source is applied.

Scientific value and novelty of the work lies in the fact that it
systematically studies the features of the light-matter interaction in the most
complex case of structures with a characteristic size comparable with the
wavelength of light in the visible, near infrared and mid infrared ranges. As a
result of the work, a number of new effects, systems and phenomena that have not
been previously studied and not mentioned in the literature, have been revealed,
namely:

• for the first time, multiple wideband amplification of the transverse
magneto-optical Kerr effect in magnetoplasmonic structures with
magnetite, the most common magnetic material on Earth, has been
demonstrated and comprehensively studied;

• for the first time, it has been demonstrated and comprehensively studied
the enhancement of spontaneous emission of germanium quantum dots
in a silicon photonic crystal slab waveguide with a hexagonal lattice,
due to symmetry-protected bound states in the continuum;

• for the first time, an ideal vertical photon router based on a double chiral
periodic crystal slab waveguide has been proposed and the principle of
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its operation has been explained from the viewpoint of the structure
symmetry;

• a chiral photonic crystal slab waveguide has been demonstrated for the
first time, the thermal radiation of which is circularly polarized without
an applied external magnetic field;

• The effects of near-field thermal bistability and thermal self-oscillations
have been theoretically discovered in a system of parallel silicon dioxide
and vanadium dioxide plates exchanging thermal energy in a radiative
way.

Practical significance of the work lies in the fact that the results
obtained can be used as fundamental physical effects that underlie future devices
in photonics and optoelectronics.

Reliability of the results obtained in the work on the dissertation is
confirmed by the repeatedly verified agreement between theoretical calculations
and experimental data obtained in leading Russian and foreign scientific centers.

Approbation of work The results included in the dissertation work
were reported and discussed at: "Nanophysics and nanoelectronics"symposiums
(Nizhny Novgorod 2019, 2020 and 2021), international conferences on
metamaterials and nanophotonics "Metanano"(St. Petersburg 2021, 2020, 2019,
Sochi 2018), 14th all-Russian Conference on Semiconductor Physics (Novosibirsk
2019), International Conferences on Metamaterials, Photonic Crystals and
Plasmonics "Meta"(Lisbon 2019, New York 2015), International Conference on
Semiconductor Physics "ICPS"(Montpellier 2018), 2nd international symposium
"Advanced research in chemistry and biomedicine"(Tomsk 2018), 26th
international symposium "Nanostructures: physics and technology"(Minsk, 2018),
4th annual world congress "Smart materials"(Osaka 2018), Russian-French
seminars on nanostructures and nanotechnologies (Suzdal 2017, Clermont-Ferrand
2019), international symposia on electromagnetism "PIERS"(St. Petersburg 2017,
Shanghai 2016, Prague 2015, Guangzhou 2014), International Conferences of
Electronic Materials Research Society "EMRS"(Warsaw 2017), 10th International
Congress "Advanced Electromagnetic Materials in Microwaves and Optics"(Crete,
2016), Annual International Congress "Days of Diffraction"(St. Petersburg 2016),
International Symposium SPIE "Optics + Optoelectronics"(Prague 2015), Annual
International Conference "Optics and Photonics in Sweden"(Gothenburg, 2014),
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4th International Conference on Advanced Research in Optoelectronics and
Micro- and Nano-Optics "AOM"(Hangzhou 2014), International Conference
"Micro+Nano Materials, Devices and Applications"(Melbourne 2013).

In addition, the results included in the dissertation work were reported and
discussed at the Low-Dimensional Seminar (Ioffe Institute, St. Petersburg 2020),
at the seminar of the scientific group of Prof. Min Chu (Zhejiang University,
Hangzhou, China, 2014), as well as at the seminar of Prof. Minoru Fujii (Kobe
University, Japan, 2018).

The main content of the work is presented in 15 first-tier publications [A1—
A15] и 3 second-tier publications [B1—B3]. During the work on the dissertation,
the author also published 28 articles on topics not included in the dissertation
[C1—C28], and made 11 invited presentations at international conferences [D1—
D11].

Contents

Introduction substantiates the relevance of research conducted within the
framework of this dissertation work, formulates the goal, sets the objectives of the
work, formulates the scientific novelty and practical significance of the presented
work.

The First chapter is devoted to the description of theoretical methods
for calculating the optical properties of nano- and microstructures, which are
the object of study of this dissertation. In the introductory part, an overview of
the main theoretical methods of computational electrodynamics is given, their
advantages and disadvantages are analyzed.

The first section of the first chapter describes the Fourier-modal method
in detail, a main computational tool used in research within the framework of
the dissertation, and the second section briefly describes the boundary element
method.

In the second chapter, the effect of the band structure of optical
resonances on the optical properties of periodic waveguide and waveguide-plasmon
structures is studied. In Section 2.1, the photoluminescent (PL) response of silicon
nanocrystals in structures with gold nanostripes is studied. Interest in such a study
is due to the fact that a quantum dot placed in a highly inhomogeneous dielectric
medium can exhibit optical properties that are very different from the optical
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Fig. 1 — Calculated dependences of the extinction coefficient (a) and emissivity (b) on the 
wave vector and photon energy in TM polarization. The points on both graphs correspond to 
the peaks on the experimental spectra. From [A11].

properties of a quantum dot in free space [1]. From the optical point of view, 
in the approximation of a weak excitation and a sufficiently lo w nonradiative 
recombination rate, the intensity of the emission of a quantum dot into the far 
field i s p roportional t o t he p roduct o f t he e xcitation e fficiency and  the  far-field 
emissivity; the total PL intensity is given by summing the following products over 
all silicon nanocrystals:

𝐼 =
∑︁
𝑖

⃒⃒⃒
�⃗� (~𝜔exc,𝜅exc, 𝑟𝑖)

⃒⃒⃒2
×

⃒⃒⃒
�⃗� (~𝜔PL,𝜅PL, 𝑟𝑖)

⃒⃒⃒2
, (1)

where �⃗� is the electric vector of the incident plane electromagnetic wave calculated
at photon energies ~𝜔 and the horizontal projection of the wave vector 𝜅 of
excitation or PL in the emitter’s coordinate r𝑖. This section is devoted to studying
the influence of optical resonances of metal-dielectric gratings on both of these
factors.

The structure under study is an array of air gaps in a gold film 20 nm
thick deposited on a quartz substrate coated with a thin SiO2 film with silicon
nanocrystals1. It is shown that the extinction and photoluminescence spectra
have several families of peaks, which are attributed to surface plasmon polaritons,

1Samples with silicon nanocrystals were made in the group of prof. Margit Zacharias, University of Freiburg,
Germany, gold stripes were applied by electron lithography by Alexander Marinin at the Royal Technical School,
Stockholm, Sweden, measurements were carried out by Denis Zhigunov at the Faculty of Physics, Moscow State
University.
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localized surface plasmons, or quasiguided modes depending on the width of the
air gap; the field distributions in these modes is plotted. A smooth transition
between surface plasmon polaritons and localized plasmons is also shown with a
change in the air gap width, 𝑤. The calculated dependencies of the extinction
coefficient and emissivity in TM polarization on the wave vector and photon
energy are shown in Fig. 1. On these dependencies, the 𝐶 mode is a localized
surface plasmon, which shifts to higher energies with increasing 𝑤 and interacts
with the lower quasi-waveguide mode 𝐵. Due to the strong coupling between
the localized surface plasmon mode 𝐶 and the quasiguided mode 𝐵, a hybrid
waveguide plasmon-polariton mode [2] appears, leading to an increase in the PL
intensity at the corresponding wavelengths. This hybrid mode has two branches 𝐵
and 𝐶, the Rabi splitting between them is about 100. Finally, we analyzed how the
position of the silicon nanocrystal in the structure affects its contribution to the
overall PL intensity. It is shown that, in the surface plasmon-polariton regime, the
main contribution to the PL intensity is made by near-surface silicon nanocrystals.
In the waveguide mode, when the air gap is wide, the main contribution to the
PL is made by silicon nanocrystals deep in the emitting layer. In both cases, the
distribution of the contribution of silicon nanocrystals to the total PL intensity is
highly inhomogeneous.

Section 2.2 is devoted to the reflection spectra of opaline photonic crystals
coated with Ge2Sb2Te5 (GST) layer. Opal is a form of amorphous silica composed
of a periodic array of SiO2 spherical beads. The optical properties of opals are
largely determined by the configuration of its photonic crystal lattice, including its
period, refractive index, and orientation. Natural opals have sphere diameters of
the order of several hundred nanometers, so they have a photonic stop band in the
visible spectral range of electromagnetic waves. Since the spectral position of the
photon stop band depends on the viewing angle, noble opals are characterized by
an iridescent overflow of colors — opalescence. The optical properties of opals can
be effectively changed by mechanical deformation of the photonic crystal lattice [3;
4] or the shape of opal particles [4]. Another way to change the optical properties
of an opal is to control the geometry and composition of its surface. The purpose
of this section is to reveal the origin of Wood’s anomalies in the optical reflection
of opals coated with a material with a high refractive index, GST [5]. To this
end, the eigenmodes are analyzed, the reflection spectra are modeled, and the
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Fig. 2 — Theoretical (a) and experimental (b) reflection spectra of the photonic crystal GST225/
opal structure depending on the angle of incidence in TM polarization. (c) Electric field of an 
incident electromagnetic wave at 𝜆 = 1310 nm, 𝜃 = 56∘ in TM polarization. The thickness of the 
cover layer GST225 for all panels is ℎ = 110 nm.

distributions of the electromagnetic field i n the near zone i n opal s tructures are 
calculated.

Samples of the hybrid structures under study consist of 1 and 16 
monolayers of amorphous silicon dioxide spheres with a diameter of ≈ 645 nm, 
grown2 on a fused quartz substrate and coated with a GST225 film with a thickness 
of ≈ 110 nm. Theoretical and experimental reflection coefficients of the structures 
under study are shown in Fig. 2, from which it can be seen that there are two peaks 
in the spectra, which redshift with increasing angle of incidence. These peaks 
are Wood-Fano anomalies corresponding to two different q uasiguided modes. 
The peak reflection c oefficient inc reases mon otonically wit h dec reasing ang le of 
incidence, reaching a maximum at normal incidence (𝜃 = 0). At very small angles 
𝜃, the Wood-Fano anomalies merge into a wide band. The dissertation shows that 
the reason for the appearance of quasiguided modes is the existence of a GST 
cover layer, the dielectric permittivity of which is greater than that of silicon 
dioxide. Fig. 2c shows the distribution of the electric field i n s uch m odes, from 
which it can be seen that it is mainly localized in the near-surface region in the 
gaps between the opal spheres. Finally, the experimental reflection spectrum of a 
single-layer opal structure is approximated by the Lorentz function corresponding 
to the Fano resonance, and its parameters are determined.

In Section 2.3, a transverse magneto-optical Kerr effect i n structures
with magnetite is studied. Magneto-optical effects i n m aterials w ith magnetic

2The fabrication of opal samples and experimental measurements were carried out at the Ioffe Institute under 
the supervision of Prof. Alexander Borisovich Pevtsov.
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Fig. 3 — (a) Diagram of a magnetoplasmonic crystal. In all samples, the thickness of the 
magnetite film is 𝑑 = 100 nm, the lattice period is 𝑎 = 580 nm, and the width of the gold 
nanostripes is 𝑤 = 400 nm. Calculated transmittance (b), and TMOKE (c) as a function of 𝑘𝑥 

and 𝑎/𝜆.

nanostructures are currently attracting much attention, since they allow one to 
control the intensity of reflected and transmitted light [6]. This is the basis of 
the potential of magneto-optical effects for data storage [7], for use in optical 
isolation systems [8], in various magnetic [9] and biological sensors [10], as well 
as in optical filtering [11]. Magneto-optical effects can also be used to implement 
ultrafast optical switches in nanophotonic circuits, where short RF or optical 
pulses are used instead of a slowly changing external magnetic field to control 
the magnetization dynamics in magnetic media [12]. In this section, we study 
magnetoplasmonic crystals consisting of a magnetite film with arrays of gold 
nanostripes3. The great interest in the TMOKE effect in magnetite is due to 
the fact that this material is the most magnetic of all natural minerals on Earth.

The optical properties of magnetized magnetite are macroscopically 
described by the off-diagonal permittivity tensor, which in the linear 
approximation for the magnetization has the form:

𝜀 =

⎡⎢⎣ 𝜀 −𝑖𝑔𝑧 𝑖𝑔𝑦

𝑖𝑔𝑧 𝜀 −𝑖𝑔𝑥

−𝑖𝑔𝑦 𝑖𝑔𝑥 𝜀

⎤⎥⎦ , (2)

where 𝜀 is the permittivity of magnetite in the absence of magnetization.
All diagonal components of the permittivity tensor are equal, since there is

3Fabrication of samples with magnetite was done by Sergey Pavlov from Ioffe Institute, St. Petersburg, and
measurements were carried out by Lars Klompmaker, Felix Spitzer and Ilia Akimov from the University of
Dortmund, Germany.
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no anisotropy in Fe3O4 nanocrystalline films. The complex gyration vector
�⃗� = (𝑔𝑥, 𝑔𝑦, 𝑔𝑧) is proportional to the magnetization �⃗� = 𝛼�⃗� , where the
proportionality factor 𝛼 does not depend on the magnetization direction. In the
dissertation, complex gyration was also determined by measuring the Faraday
rotation and ellipticity of a homogeneous layer of magnetite on a SiO2 substrate,
when the direction of light propagation was parallel to the direction of the
magnetic field and perpendicular to the plane of the layer, and the permittivity
of magnetite was constructed according to the Drude-Lorentz model [13].

The resulting dependencies of the transmittance and TMOKE on 𝑘‖

and 𝑎/𝜆 are shown in Fig. 3b,c. Due to the high absorption in magnetite, the
transmission spectra do not have sharp resonant peaks, which are usually observed
for low-absorption periodic planar waveguides or magnetoplasmonic crystals as
in the papers. At the same time, the TMOKE spectra are quite informative,
since they show color changes (white bands), which can often, but not always,
be associated with a specific resonance that is hardly visible in the transmission
spectrum. The thesis shows that if some resonance at the frequency 𝜔0 − 𝑖𝛾,
described by the Lorentzian 𝐿0(𝜔) which frequency changes the spectral position
under the action of an external magnetic field by Δ𝜔, then the resulting signal
TMOKE in this case takes the form

𝛿 =
4Δ𝜔(𝜔 − 𝜔0)𝐿0(𝜔)

𝐼0𝛾2
, (3)

This expression explains the sign change of TMOKE at the resonant frequency
𝜔0. Thus, TMOKE spectra generally provide better contrast for resonance
observation than transmission spectra. The dissertation also describes the
experimental demonstration of TMOKE amplification and shows that the
obtained experimental data are well described by the theoretical model.

The third chapter is devoted to the influence of the symmetry of photonic
crystal (PC) slabs on their radiative characteristics. Section 3.1 studies of bound
states in the continuum (BIC) and the luminescence properties of PC layers with
germanium quantum dots4 (Fig. 4a). BICs are spatially localized states that are
invisible from the air far field, despite the fact that their energy lies above the air

4All experimental data in this chapter were obtained by Margarita Vladimirovna Stepikhova, and the samples
were made by Alexei Vitalievich Novikov from the Institute of Physics of Microstructures of the Russian Academy
of Sciences, Nizhny Novgorod.
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Fig. 4 — (a) Schematic of a photonic crystal slab (PCS) with 5 layers of Ge nanoislands. The 
insets show the top and side views of the PCS and the image of the PCS with air pores in the Si 
matrix obtained with a scanning electron microscope. (b) Dependence of the emissivity on the 
photon energy and in-plane wave vector, calculated for a grating with 𝑎 = 570 nm and 𝑟/𝑎 = 
0.26. The green and pink lines on the panel represent the light cones corresponding to the 
emissision angles 𝛼 = 6∘ and 𝛼 = 25∘, from which the light is collected in the two PL 
measurement methods described in the dissertation. Blue lines limit the energy range of intrinsic 
photoluminescence of Ge nanoislands. The color scale is logarithmic.

light cone. Essentially, the BICs arise due to destructive interference, when two or 
more waves are superimposed on each other, as a result of which radiation losses 
are completely suppressed. Because of this, their theoretical radiative lifetime 
tends to infinity. Despite the more than 20-year history of BICs, these resonances 
were mainly considered in vertically symmetric structures with a square FC 
lattice. Although hexagonal gratings are more commonly used to create high-Q 
photonic crystal cavities and to couple far-field t o n ear-field [1 4—16], th ey have 
received much less attention from BIC researchers. In this work, we study the 
BIC-originated PL enhancement of self-organized Ge nanoislands embedded in a 
photonic crystal slab with a hexagonal lattice.

The calculated dependence of the PCS emissivity on the photon energy, ~𝜔, 
and the horizontal projection of the wave vector, 𝑘‖, is shown in Fig. 4b. The shown 
emissivity contains many resonances, which are quasiguided modes hybridized as 
a result of folding the waveguide modes of a homogeneous effective waveguide into 
the first Brillouin zone. It can be seen that some modes are doubly degenerate in 
the Γ point, i.e. are doublets, while outside the Γ-point the degeneracy is lifted.
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Fig. 5 — Phase representation of the electric field in the upper doublet E1 and in the upper 
doublet E2 for PCS with 𝑎 = 600 nm and 𝑟/𝑎 = 0.24.

Group theory predicts that for a hexagonal C6𝑣-symmetric structure, there are 
four singlets and four first-order d oublets i n t he Γ -point. S ince a ll resonances 
have dispersion with 𝑘‖, the resonance peaks that appear in the measured PL 
spectra are inhomogeneously broadened due to the nonzero numerical aperture of 
the collecting lens. In addition, the PL spectra have resonance peaks of different 
widths. As shown in the dissertation, the experimental quality factor of the peaks 
ranged from 150 to 2200.

In order to explain the differences between the quality factors of different 
resonances, the symmetry of the field o f quasiguided modes was c onsidered (an 
example is shown in Fig. 5). It can be seen from the figures p resented i n the 
dissertation that the intensity distributions in singlets are C6𝑣 symmetric in 
accordance with the symmetry of the PCS. In the case of doublets, the intensity 
profile i n e igenmodes c annot b e C 6𝑣-symmetric, b ut o ne c an c hoose t he basis 
of eigenfunctions so that the field i ntensities i n t hem h ave C 6 s ymmetry. The 
distributions of 𝐸𝑧 in singlets and doublets have a more complex symmetry. 
Group theory defines t he s ymmetry o f a n e igenmode b y a  s et o f 𝜒  characters 
that characterize how the mode transforms under each symmetry operation in a 
point group.

Understanding the symmetry of modes is of direct practical importance. 
Namely, the symmetry type of the mode enables us to predict whether it can
interact with the far field in the Γ  point. The connection o f the e igenmode with 
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Fig. 6 — (a) Calculated dependence on the energy and wave vector of the photon emissivity near 
the Γ-point. Symmetry-protected (SM) and Friedrich-Wintgen (FW) BICs are distinguished.(b) 
Calculated figure of merit for the A1 singlet near the Γ point. (c) Wave vector dependence of the 
emissivity peak calculated near the B1 singlet for various imaginary parts of the complex 
refractive index 𝑛′′ of the SiGe layer. PCS parameters: 𝑎 = 600 nm and 𝑟/𝑎 = 0.2 and for panels 
(a) and (b) 𝑛eff (SiGe) = 3.12 + 10−6𝑖.

free space is possible when the overlap integral 𝛾 is nonzero:

𝛾 =

¨
𝑐𝑒𝑙𝑙

(︁
�⃗�*

fs × �⃗�mode + �⃗�*
mode × �⃗�fs

)︁
d𝑆, (4)

where d𝑆 is the area element of the photonic crystal unit cell, the indices 𝑓𝑠 and
𝑚𝑜𝑑𝑒 denote electric and magnetic fields in free space and in mode. Analyzing
the characters of the irreducible representations of the point group C6𝑣, we can
conclude that in the C6𝑣-symmetric hexagonal lattice, only the doublet E1 is open
for coupling with the far field, whereas all the singlets and the doublet E2 are
closed. Such closed modes are referred to as symmetry-protected bound states in
the continuum [17; 18]. The emissivity of quantum dots at the frequencies of
these modes in the Γ-dot is suppressed. It can be seen from Fig. 6b that there is
one more point in 𝑘-space besides Γ where the emissivity is suppressed, and the
resonance has zero width, namely 𝑘‖ = 0.4𝜇m−1 along the Γ-M direction. This is
a bound state in the continuum of Friedrich-Wintgen type [19], which is the result
of destructive interference between modes with similar radiation patterns in the
far field [20].

Since the PCS emissivity in the Γ point is strictly equals to zero, the
possibility of observing BIC-related peaks in the PL spectra depends on the
power of Ohmic losses and the solid angle into which the PL signal is collected.
In order to demonstrate this, we calculated the dependence on the horizontal
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projection of the wave vector of the maximum emissivity near the singlet 𝐵1 

for various parameters 𝑛′′, simulating Ohmic losses [21] under the assumption 
of a fixed d ensity o f G e n anoislands ( Fig. 6 a). I t i s n oteworthy t hat a s long
as the absorption losses are small (𝑛′′ 6 0.01), the maximum peak emissivity 
is approximately inversely proportional to 𝑛′′. Therefore, even at relatively high 
absorption (for example, 𝑛′′ = 10−2), the peak PL becomes measurable provided 
that the PL signal is collected far enough away from the Γ point. With high 
absorption, however, the quality factor of the resonance will be lower. Thus, to 
obtain resonant peaks with a high quality factor, one can use the advantage of 
BICs in lossless PC layers.

Section 3.2 presents the concept of an ideal vertical radiation router for 
dipoles located inside a D4-symmetric structure, which is a silicon membrane with 
chiral morphology (Fig. 7a). It consists of a homogeneous plate located between 
two photonic crystal slabs mirror-symmetrical to each other with respect to the 
vertical plane. The calculated normalized emissivity spectra of 𝜎+ dipoles in the 
center of the unit cell of an optimized chiral metamembrane in the vertical upward 
and downward directions are shown in Fig. 7b. It can be seen that at a wavelength 
of 1550 nm, the emissivity in one of the directions is completely suppressed, which 
is explained by the Fano effect.
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This asymmetry is described quantitatively using the routing efficiency 𝜂+

and 𝜂−, and the total routing efficiency 𝜂tot as

𝜂± =
𝐼±u − 𝐼±d
𝐼±u + 𝐼±d

, 𝜂tot = −𝜂+𝜂−. (5)

For practical implementation, it is of interest to study the stability of this
effect with respect to the position of the dipole. The dependence of the upward
emissivity on the position of the dipole in the horizontal plane passing through the
center of the unit cell is shown in Fig. 7c. It can be seen that this dependence has a
maximum in the central part of the cell. The dissertation also shows that efficient
routing is possible for dipoles located in a sufficiently large unit cell volume. If
a quantum dot located in this volume undergoes a spin-polarized transition, its
upward or downward emission will be strongly suppressed.

In this work, as a demonstration of the possibility of routing the radiation
of rotating dipoles, we use a structure with rotational symmetry D4. Let us now
show that the D4 symmetry is more suitable for the ideal routing effect than
the C4 symmetry, which is often used to obtain circular dichroism. The structure
shown in Fig.7a would have C4 symmetry if it were on a substrate or if it had
only one of the chiral PCSs. Let us consider the electric field below and above the
membrane, created by an oscillating dipole located in the middle of the cell in the
𝑥𝑦 plane with an arbitrary coordinate 𝑧. Let us denote the complex components
of the electric field created by the 𝑥-polarized dipole moment as �⃗�𝑥

u = [𝛼, 𝛽] and
�⃗�𝑥

d = [𝜌, 𝜏 ]. Then for structures with C4 symmetry, the fields generated by the
𝑦-polarized dipole moment will have the form: �⃗�𝑦

u = [−𝛽, 𝛼] and �⃗�𝑦
d = [−𝜏, 𝜌].

According to the superposition principle, the electric fields from 𝜎+ and
𝜎− polarized dipoles are found as

�⃗�𝜎±

u = �⃗�𝑥
u ± 𝑖�⃗�𝑦

u = (𝛼∓ 𝑖𝛽) [1,± 𝑖] (6)

�⃗�𝜎±

d = �⃗�𝑥
d ± 𝑖�⃗�𝑦

d = (𝜌∓ 𝑖𝜏) [1,±𝑖] . (7)

When the two conditions 𝛼 = −𝑖𝛽 and 𝜌 = 𝑖𝜏 are met simultaneously, the
radiation intensities of 𝜎+ dipoles downward and 𝜎− upward dipoles are equal
to zero, and the resulting overall routing coefficient 𝜂tot = 1. The electric field
components 𝛼, 𝛽, 𝜌, 𝜏 depend on the geometric parameters of the metamembrane,
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Fig. 8 — (a) Schematic representation of a chiral metasurface with parameters 𝑎 = 10 𝜇m, 𝑏 = 
2𝑎/5, 𝑐 = 𝑎/5. (b) Left and right circularly polarized emissivity spectra of a chiral metasurface 
with ℎ1 = 4 𝜇m and ℎ2 = 5 𝜇m. The degree of circular polarization is shown in green. (c) Degree of 
circular polarization as a function of thicknesses ℎ1 and ℎ2 at 𝜆 = 13 𝜇m. Resonances in the empty 
lattice approximation are shown by dotted lines for TE polarization and thin solid lines for TM 
polarization.

and the simultaneous fulfillment of the above two conditions in structures with C4 

symmetry can be problematic. At the same time, structures with D4 symmetry 
have another symmetry operation under which the structure is invariant, namely, 
a rotation by 180∘ about the 𝑦 axis (or the 𝑥 axis, which is equivalent). This leads 
to the fact that a dipole located at the center of a cell of any structure with D4 

symmetry generates an electric field such that 𝜌 = 𝛼 and 𝜏  = −𝛽. This makes the 
above conditions equivalent to each other. Thus, for structures with D4 symmetry, 
the ideal routing condition is expressed by only one equality 𝛼 = −𝑖𝛽, which is 
much easier to satisfy than both of the above equalities at the same time.

Section 3.3 considers a source of circularly polarized thermal radiation 
based on a chiral PCS. In general, a system that does not have mirror symmetry 
can generate thermal radiation with circular polarization. Mirror symmetry can be 
broken, for example, by applying an external magnetic field due to the spin-orbit 
interaction of electrons [22]. This phenomenon is known as the magneto-optical 
Kerr effect; i t explains, for example, the strong c ircular polarization of radiation 
from white dwarf stars [23]. Thermal radiation with circular polarization in a 
magnetic field w as a lso o bserved i n t he [ 24] l aboratory. A nother w ay t o break 
the mirror symmetry of a structure is to etch a pattern with chiral morphology 
on its surface. Metasurfaces with 𝐶4 symmetry can have circular dichroism in 
transmission along the normal due to the absence of additional mirror symmetry 
about the plane parallel or perpendicular to the 𝑧-axis [25]. 𝐶4-symmetric
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metasurfaces were used, for example, in [26; 27] to obtain circularly polarized
PL spectra in the visible and near-IR ranges. The degree of circular polarization
depends on the geometric parameters of the metasurface and is the subject of
theoretical optimization. The highest obtained degree of circular polarization in
optimized chiral structures was close to 100%. Due to the scalability of optical
resonances, the operating range of 𝐶4 symmetric structures can be shifted to the
mid-infrared range by increasing their spatial period, which allows them to be
used to control the polarization of thermal radiation.

The chiral source of thermal radiation (Fig. 8a) consists of a KCl substrate
and a ZnSe waveguide with a two-dimensional array of etched rectangles. The
etched pattern has a chiral morphology with 𝐶4 rotational symmetry. The lower
surface of the rectangles is covered with a Si3N4 layer 20 nm thick. In this work, we
assume that the temperature of the heat source is close to 300 K and, therefore, we
consider the wavelength range 7–15𝜇m. The choice of ZnSe and KCl materials is
due to the fact that they are transparent in the mid-infrared range and therefore
do not contribute to thermal radiation in this spectral range. On the contrary,
Si3N4 has a wide absorption band and, therefore, is the only source of thermal
radiation in the structure.

To evaluate the ability of the described chiral heat source to emit circularly
polarized thermal radiation, we calculate its emissivity spectra in left-hand
circular polarization (LCP) 𝐼LCP and right-hand circular polarization (RCP) 𝐼RCP,
as well as the degree of circular polarization (DCP) as 𝜌𝑐 = (𝐼RCP−𝐼LCP)/(𝐼RCP+

𝐼LCP). As shown in Fig. 8a, in the considered spectral range, the emissivity is
characterized by two peaks, each of which has different amplitudes in the right
and left circular polarization. As a result, the degree of circular polarization is not
equal to zero and reaches -0.73 and 0.87 at 𝜆 = 12.65 and 13𝜇m, respectively.
The dissertation shows that these peaks are quasiguided modes of the chiral PC
layer and can be approximately described in the empty lattice approximation.

The degree of circular polarization of thermal radiation at 𝜆 = 13𝜇m as
a function of the thicknesses of the modulated and unmodulated parts of the
chiral emitter, ℎ1 and ℎ2, is shown in Fig. 8c. It can be seen that the degree of
circular polarization resonantly depends on the parameters ℎ1 and ℎ2, and one
of the resonances does not depend on the thickness ℎ1. The reason for this is the
fact that, in the structure under consideration, the TM modes are localized over
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the entire thickness of the PC layer, while the TE modes are localized only on
its nonperiodic part. This mode behavior is explained using the effective medium
theory: it turns out that for an effective anisotropic waveguide approximating a
chiral PC layer, the waveguide mode in the TM polarization lies above the light
cone of the uniaxial homogeneous medium, while in the TE polarization it lies
below.

In addition, the dissertation discusses the Stokes parameters of the thermal
radiation of a chiral PCS, and also shows its angular radiation pattern.

In the fourth chapter the Purcell effect in nanostructures with quantum
dots is considered. Section 4.1 provides a definition of the Purcell factor and
methods for calculating it. It is shown that for arbitrary-shaped structures, the
Purcell factor can be found as the ratio of the total power dissipated by a dipole
emitter in an inhomogeneous dielectric medium to the power of the same emitter
in vacuum:

𝑓(𝜔) =
𝑃 cav(𝜔)

𝑃 (𝜔)
(8)

where

𝑃 cav(𝜔) =

‹
�⃗�(𝜔)d�⃗�, 𝑃 (𝜔) =

|⃗𝑗o|2𝜔2𝑛

3𝑐3
. (9)

In the case of layer-homogeneous and layer-periodic structures, integration over
a closed surface in formula (9) can be replaced by finding the algebraic sum of
the powers radiated vertically upward and downward by the dipole. This sum
can be found by integrating in the momentum space. The resulting formula for
calculating the Purcell factor for layered structures becomes:

𝐹𝑝(𝜔) =
3𝑐3

|𝑗0|2𝜔2𝑛

∞̈

−∞

[︁
S+𝑧 (𝜔,𝑘𝑥,𝑘𝑦) + S−𝑧 (𝜔,𝑘𝑥,𝑘𝑦)

]︁
𝑑𝑘𝑥𝑑𝑘𝑦, (10)

where S±𝑧 (𝜔,𝑘𝑥,𝑘𝑦) ≡ S+𝑧 (𝜔,𝑘𝑥,𝑘𝑦,𝑧𝑑±0). In two-dimensionally periodic layers, the
integration is performed over the first Brillouin zone, and in calculating S±𝑧 , the
summation is performed over all Fourier harmonics.

In Section 4.2, radiative and nonradiative recombination rates, as well
as the internal quantum efficiency of silicon quantum dots in a wedge-shaped
structure, are determined for different radiation wavelength and temperatures by
calculating the Purcell factor. By definition, the internal quantum efficiency is the
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Fig. 9 — -field emissivity of silicon nanocrystals as a function of (a) the 𝑥-component 
of the wave vector and (b) the 𝑥-component of the wave vector and the thickness 
of the buffer layer, as well as the corresponding Purcell factors (c). The 
calculations were performed for randomly oriented horizontal dipoles. The dotted 
lines in panels (a,b) indicate the vacuum and silicon substrate light lines.

ratio of radiative recombination rate to the total recombination rate:

𝜂 =
Γ𝑟

Γ𝑟 + Γ𝑛𝑟
. (11)

To determine the internal quantum efficiency from experimental data, we assume
that Γ𝑟 and Γ𝑛𝑟 do not depend on the spatial position of the emitter, while the
Purcell factor does. This determines the geometry of the sample with nanocrystals
— a wedge-shaped structure consisting of a thin layer with silicon nanocrystals in
a silicon dioxide matrix (with a thickness of 22.5 nm) deposited on a wedge-shaped
buffer layer, the thickness of which varies from point to point. To compare the
position of points on the fabricated wedge-shaped sample with certain buffer layer
thicknesses, the theoretical and experimental structure color profiles, as well as
reflection and emission spectra are compared; based on good agreement between
the calculated and measured data, one can conclude about the correctness of the
model used.

The calculated near-field emissivities of silicon nanocrystals and the values
of the Purcell factor for different wavelengths, wave vectors, and buffer layer
thicknesses are shown in Fig. 9. It can be seen from Fig. 9, that for each buffer
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Fig. 10 — (a) Experimental dependencies of the spontaneous emission rate on the buffer layer 
thickness, Γexp(ℎ), and the corresponding theoretical curves obtained as a result of interpolation 
using the formula (12). (b) Radiative and nonradiative recombination rates as a function of 
radiation wavelength and temperature. (c) Internal quantum efficiency ca lculated fr om the 
rates presented in panel (a). From [A9].

layer thickness, the maximum of the near-field emissivity is under the vacuum light 
cone; this means that the dipole mainly radiates into the substrate. In addition, 
the near-field emissivity a lso takes on nonzero, a lbeit rather small, values below 
the light cone of the substrate. Such a contribution to the Purcell factor is often 
referred to as PL quenching caused by evanescent surface waves due to nonzero 
absorption in the substrate. The undulation of the obtained functions of near
field emissivity and the Purcell factor is explained by Fabry-Perot resonances and 
waveguide modes on the thickness of the buffer layer.

Since at a given temperature the radiative and nonradiative recombination 
rates Γ𝑟 and Γ𝑛𝑟 of silicon nanocrystals do not depend on the buffer layer thickness, 
the relation

Γexp(ℎ) = 𝐹𝑝(ℎ)Γ𝑟 + Γ𝑛𝑟, (12)

allows interpolating the experimental dependence of the recombination rate
Γexp(ℎ) and the theoretical function 𝐹𝑝(ℎ) using Γ𝑟 and Γ𝑛𝑟 as fitting parameters.
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This will enables us to determine these quantities as functions of temperature and
radiation wavelength.

For this purpose5, the time dependencies of the PL intensity of silicon
nanocrystals (the decay kinetics) are measured, and from them the PL decay rates
are determined. It can be seen from Fig. 10a that the decay rate dependencies on
buffer layer thickness, in general, fit the theoretical curves quite well. The Γ𝑟 and
Γ𝑛𝑟 values determined for different PL wavelengths and temperatures, as well as
the internal quantum efficiencies calculated from them using the formula (11),
are shown in Fig. 10b,c. It can be seen from this figure that while nonradiative
recombination rates increase strongly with temperature, radiative recombination
rates are almost independent of it. Therefore, the internal quantum efficiency,
obtained as the ratio of the radiative and total recombination rates, depends
on temperature and decreases slightly towards shorter wavelengths. The highest
internal quantum efficiency is found at a wavelength of 1000 nm (photon energy
1.2 eV): 74% at room temperature and almost 100% at 77K.

Section 4.3 considers the lifetime and intensity of photoluminescence of
silicon quantum dots near gold nanorods coated with a dielectric layer of some
thickness. Despite the fact that, according to the electrodynamic reciprocity
principle, the far-field emissivity of dipoles located near metal nanoparticles can
take on very large values due to hotspots — localized plasmon resonances, the
PL of molecules located too close to the metal surface can be strongly suppressed
due to quenching. In order to describe such processes quantitatively, a two-level
system of emitters was considered, and it was shown that the PL enhancement for
such emitters compared to emitters in a homogeneous dielectric medium is equal
to

𝜉𝑃𝐿 =
𝐼PL
𝐼PL,o

=
𝐼exc
𝐼exc,o

·
𝐹 ext
𝑝 (Γnr + Γr)

Γnr + 𝐹𝑝Γr
= 𝜉exc · 𝜉QY, (13)

where 𝜉exc is the excitation enhancement and 𝜉QY is the external quantum yield
enhancement, 𝐼exc is the external excitation intensity, 𝐼PL is the PL intensity, 𝐹𝑝 is
the Purcell factor, 𝐹 ext

𝑝 is the external part of the Purcell factor responsible only
for radiation to the far field, and the symbol "o"means that the corresponding
values are taken for emitters in a homogeneous medium. One can also introduce

5All measurements performed on the samples, including spectroscopic ellipsometry, time-resolved
photoluminescence spectroscopy, were performed by Mikel Greben and Prof. Jan Valenta from Charles
University, Prague, Czech Republic.
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a quantity characterizing the enhancement of the spontaneous emission rate as

𝜉𝐷𝑅 =
Γ𝑛𝑟 + Γ𝑟𝐹𝑝

Γ𝑛𝑟 + Γ𝑟
. (14)

Expression (13) tells us that in the emitter-metal particle system, plasmon modes
can affect photoluminescence in the following ways: a) increase the PL intensity
by increasing the intensity of the excitation field at plasmonic hot spots; b)
increase the PL intensity by increasing the external part of the Purcell factor; c)
decrease the PL intensity by increasing the total Purcell factor; if the absorbing
part of the Purcell factor increases in this case, then such a process is called PL
quenching. These values depend on many parameters including the size of the
plasmonic particle, the quantum yield of the fluorophore, the distance between
two objects, the spectral overlap of the plasmon resonance of the particle with the
absorption/emission spectrum of the fluorophore, the mutual orientation of the
emitters and the metal particle, and even the number of emitters associated with
the particle [28; 29]. As a result, both a significant increase in [30; 31] and a strong
quenching [32; 33] of PL have been experimentally observed in the literature,
depending on the specific situation.

To study the ability of the considered gold nanorod to enhance the PL
intensity, Purcell factors were calculated for dipoles located in coordinates 1–20
(see Fig. 11a–c), and then the obtained enhancement factors are averaged over
the direction and position of the dipole. The resulting enhancement factors are
shown in Fig. 11d–g. It can be seen from it that the excitation efficiency of
emitters located near the nanorod increases ≈ 2–2.7 times compared to emitters
in a homogeneous medium. The PL enhancement also increases monotonically
to ≈1̇0.5 as the shell thickness decreases to 2ṅm. Note that the average PL
enhancement factor does not have a local maximum, which is a consequence
of the combination of the obtained values of the Purcell factor, the excitation
intensity, and the radiative and nonradiative decay rates. The enhancement of
the average quantum yield, on the contrary, has a local maximum at a thickness
of ℎ = 5ṅm, reaching the value of ≈ 4.2, which is about 1.7 times greater than for
a shell thickness of 20ṅm. Finally, the enhancement of the spontaneous emission
rate increases monotonically by more than an order of magnitude as the shell
thickness decreases from 20 to 2.
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Fig. 11 — (a) Diagram of a gold nanorod and electric dipoles near it. (b) and (c) Total Purcell 
factor of 𝑥- and 𝑧-dipoles. (d)–(g) PL excitation enhancement, 𝜉ave, PL intensity enhancement,
𝜉avePL , PL quantum yield enhancement, 𝜉aveQY, and PL decay time enhancement, 𝜉aveDR, averaged over
the dipole coordinate and direction, as a function of the thickness of the buffer layer ℎ. The
calculations were performed for the excitation wavelength 𝜆exc = 405nm, the PL wavelength
𝜆PL = 780nm, and the nanorod size 𝐿 = 65nm, 𝑑 = 18.8 nm, emitter parameters: Γ𝑟 = 3.4 kHz,
Γ𝑛𝑟 = 80 kHz.

r = 3.5, V/V0 = 1 h = 5 nm, r = 2.8h = 5 nm, V/V0 = 1(a) (b) (c)

Fig. 12 — Spectrum of the PL intensity averaged over the orientations and coordinates of the 
dipole as a function of (a) the nanorod shell thickness ℎ, (b) the nanorod aspect ratio 𝑟 = 𝐿/𝑑,(c) 
the volume of the gold part of the nanorod 𝑉 . In panel (c) the symbol 𝑉0 means the volume of the 
gold part of the nanorod with 𝐿 = 65 nm, 𝑑 = 18.8 nm. Emitter parameters: Γ𝑟 = 58 kHz, and Γ𝑛𝑟 

= 520 kHz. Excitation wavelength 𝜆exc = 405 nm.
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The dissertation also considers the PL intensities averaged over the
orientations and coordinates of the dipole depending on the shell thickness ℎ,
the ratio of the length of the nanorod to its diameter 𝑟 = 𝐿/𝑑, and the volume
of the golden part of the nanorod 𝑉 . The spectral dependencies of the Purcell
factor on ℎ, 𝑟, 𝑉 contain two local maxima: one in the range 𝜆 ≈ 700–850 nm,
corresponding to the longitudinal plasmon mode, and the other at the wavelength
𝜆 ≈ 550 nm corresponding to the transverse plasmon mode. The shell thickness has
almost no effect on the position of the longitudinal plasmon mole, so the position
of the maximum of the Purcell factor almost does not change with ℎ. The aspect
ratio, on the contrary, strongly affects the plasmonic properties of the nanorod, so
the wavelength of the maximum Purcell factor strongly depends on the parameter
𝑟. As 𝑟 decreases, the distance between the local maxima corresponding to the
longitudinal and transverse plasmon modes decreases, and for 𝑟 = 1 (the case of
a spherical gold nanoparticle) it will become equal to 0, and the wavelength will
be, as is known, 𝜆 ≈ 520nm. The calculated PL intensity spectra are shown in
Fig. 12d–f. It can be seen, in each of the above dependencies of the PL spectrum
there is an optimal value of the corresponding parameter at which the PL intensity
reaches a maximum: these are ℎ ≈ 5nm, 𝑟 ≈ 2.8, 𝑉 ≈ 6𝑉0. These optimal values,
as well as the very fact of their presence, as already mentioned, are the result of a
combination of the obtained values of the Purcell factor, the excitation intensity,
and the rates of radiative and nonradiative recombination.

Section 4.4 considers the Purcell factor of dipoles located in a photonic
crystal slab waveguide, which is a silicon waveguide layer with a hexagonal lattice
of air pores on a SiO2 substrate. Interest in such research is due to the fact
that so far only cavity-based photonic crystal slabs have been theoretically and
experimentally studied in terms of spontaneous emission rate of emitters placed in
a cavity, represented by a single unetched or modified pore or in a one-dimensional
array of such pores [34—36]. Despite the fact that the Purcell factor for in these
structures can be quite large, this method of controlling the rate of spontaneous
emission has the disadvantage that it works only for emitters located directly near
the resonator mode. Since the physical volume of the resonator is very small, the
number of emitters for which the Purcell factor takes large values is also small. On
the contrary, in a photonic crystal slab waveguide, emitters located in different
unit cells will be in the same conditions, which immediately eliminates the need
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Fig. 13 — (a) Near-field emissivity as a function of the wave vector, averaged over the orientation 
of the dipoles, inside the first Brillouin zone. Color scale is logarithmic. (b) Spectrum of external 
and total Purcell factors calculated for PCS and homogeneous waveguides. The black dot 
denotes the photon energy at which the light cone of the substrate completely covers the first 
Brillouin zone of the hexagonal PCS grating with the period 𝑎 = 625 nm. (c) Spatial distribution 
of the Purcell factor on the plane 𝑧 = 80 nm, averaged over the dipole’s orienttaion.

to measure the PL signal from a single pore or have a technology for precise 
positioning of emitters. The calculation of the Purcell factor in a PCS waveguide 
is also interesting from the point of view of comparing this characteristic with a 
homogeneous planar waveguide without air pores.

The dependence of the near-field e missivity o f t he d ipole a t t he most 
symmetric point of the PCS has a rather complex profile (see Fig. 13a) due to the 
hybridization of waveguide modes folded into the first Brillouin zone. Integration 
of this function inside the first Brillouin zone according to formula (10) gives the 
full Purcell factor. The resulting spectra of the total and external Purcell factor 
calculated for a homogeneous waveguide layer and a PCS made from it are shown 
in Fig. 13b. It shows the following facts.

1) In the case of a homogeneous waveguide layer, the total Purcell factor 
greatly exceeds the external Purcell factor due to the fact that, as is known, 
radiation outcouples from homogeneous layer only from a small solid angle.

2) The periodicity of the structure greatly increases the external Purcell
factor due to the diffraction coupling of the near and far fields, making it almost
equal to the total Purcell factor. As the photon energy increases, the light cones of
air and the substrate cover an ever larger area in the first Brillouin zone, bringing
the value of the external Purcell factor closer and closer to the total Purcell factor.
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At a photon energy of ≈ 914meV, the cross-section of the substrate light cone
completely covers the first Brillouin zone of the hexagonal PCS with a period of
𝑎 = 625nm, and then all waveguide modes are coupled to the far field of the
substrate, making the external Purcell factor equal to full Purcell factor.

3) The maximum enhancement (≈ 2-fold) of the total Purcell factor due to
the periodicity of the structure is achieved at the photon energy ~𝜔 = 893meV,
at which there are weakly dispersive curves of quasi-waveguide modes.

Finally, the spatial distribution of the Purcell factor for chaotic dipoles
inside a PCS cell is shown in Fig. 13c. It can be seen that the Purcell factor for
this photon energy takes values from 1.2 to 3.5 depending on the position of the
dipole in the structure and its orientation.

In the fifth chapter, near-field radiative heat transfer between
homogeneous parallel plates of polar materials is studied. In the introductory
part of the fifth chapter, a review of the literature on this topic is given,
where it is shown that interest in the study of this phenomenon is associated
with a multiple increase in the power of radiative heat transfer between two
closely spaced bodies compared to the case of two black bodies located in
the far field of each other, described by Stephan-Boltzmann’s law[37]. The
increase in the radiative heat transfer power occurs due to the fact that the
evanescent waves corresponding to surface states, such as plasmon-polaritons and
phonon-polaritons, do not completely decay at a small distance between objects.
Until recently, most theoretical and experimental work has been devoted almost
exclusively to stationary radiative heat transfer. However, all systems exchanging
thermal energy are characterized by some thermalization time, the study of which
is the subject of the fifth chapter.

Section 5.1 describes methods for calculating the spectral radiative heat
flux between plates. It is shown that in the most general case of several arbitrary
objects, the spectrum of the radiative heat flux at any point of the structure
can be found using the fluctuation-dissipation theorem, which describes thermal
radiation as a fluctuating electromagnetic field created by the chaotic motion of
charged particles inside the body. From a mathematical point of view, this theorem
relates the ensemble-averaged spatial correlation function of current densities and
the average energy of the Planck oscillator Θ(𝜔,𝑇 ) [38]. In the classical case, when
𝑘𝐵𝑇 ≫ ~𝜔, the fluctuation-dissipation theorem can be written as
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Fig. 14 — (a) Diagram of two parallel plates and thermal radiation fluxes. (b) and (c) 
Transmittances of 𝒯12 (summed over 𝑠- and 𝑝-polarizations, so the color scale has a maximum 
value of 2). The green dotted line means the vacuum light cone, the blue dotted line shows the 

SiC light cone, that is, it corresponds to frequencies and wave vectors such that 𝜔/𝑐 = 𝑘𝑥/
√
𝜀SiC.

⟨𝑗𝛼(�⃗�, 𝜔)𝑗𝛽(𝑟′, 𝜔)⟩ =
𝜔𝜀′′𝑠(𝜔)

𝜋
Θ(𝜔,𝑇 )𝛿(�⃗� − 𝑟′)𝛿(𝜔 − 𝜔′)𝛿𝛼𝛽, (15)

where �⃗�(�⃗�) is the current density, 𝜀′′𝑠 is the imaginary part of the dielectric
permittivity of the plate material, 𝛼 and 𝛽 = 𝑥, 𝑦, 𝑧, 𝛿 is the Dirac function,
𝛿𝛼𝛽 is the Kronecker symbol, and the function Θ(𝜔,𝑇 ) is defined as follows:

Θ(𝜔,𝑇 ) =
~𝜔

exp(~𝜔/𝑘𝐵𝑇 )− 1
(16)

where 𝑘𝐵 is the Boltzmann constant. The meaning of the fluctuation-dissipation
theorem from the viewpoint of modeling thermal radiation is that it connects the
thermodynamic part of the problem (average energy of the Planck oscillator) with
the electrodynamic part (current density). Therefore, the radiative heat flux from
one plate to another can be found using electrodynamics methods for calculating
the radiation of oscillating currents [37; 39]. In the case of two homogeneous
parallel plates, the total intensity of thermal radiation generated by plate 1 in
regions A, B, or C (see diagram in Fig. 14a) is determined as an integral over
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frequency and wave vector spectral density of the thermal radiation flux:

𝐼1𝑋 =
1

2𝜋

∞̂

0

Θ(𝜔, 𝑇1)d𝜔 · 1

4𝜋2

+∞¨

−∞

∑︁
𝑗=𝑠,𝑝

𝒯 𝑗
1𝑋(𝜔, 𝑘𝑥, 𝑘𝑦)d𝑘𝑥d𝑘𝑦, (17)

where 𝑇 is the temperature of plate 1, and 𝒯 𝑗
1𝑋 is the transmittance of thermal

radiation from plate 1 in polarization state 𝑗 = 𝑠 or 𝑝 to region X = A, B or
C, which depends on the frequency 𝜔 and the in-plane wave vector.

(︀
𝑘𝑥, 𝑘𝑦

)︀
and

coefficients can be found by scattering matrix method for 𝑠- and 𝑝-polarizations.
Note that the transmission coefficient 𝒯1𝐵 has the meaning of the probability
that a thermal photon generated in plate 1 due to thermal fluctuations will reach
plate 2 and either be absorbed in it or pass through it and propagate in area A.
Similarly, the transmission coefficients 𝒯1𝐴 and 𝒯1𝐶 are the probabilities that the
thermal photon of plate 1 will propagate as a result of multi-reflections from the
interfaces in areas A or C.

Section 5.2 studies the problem of heat transfer between two parallel silicon
carbide plates with the same thickness ℎ, located at a distance 𝑑 from each other
and surrounded by vacuum in the static and dynamic cases. The choice of silicon
carbide as a material is due to the fact that it is characterized by longitudinal
and transverse optical phonons in the mid-IR range, which contribute to thermal
radiation and near-field radiative heat transfer.

A static study of near-field radiative heat transfer between silicon carbide
plates begins with the calculation of the radiation transmittance from plate 1 to
plate 2, 𝒯12. It is shown that heat exchange between semi-infinite plates located
at a large distance from each other occurs inside the vacuum light cone; in this
case, the coefficient 𝒯12 is suppressed in the Reststrahlen band, within which
discrete lines are observed corresponding to Fabry-Perot resonances on the gap
size between the plates (Fig. 14b). As the distance between the plates decreases,
the continuum of states located under the light cone of silicon carbide start to
come into play, so do the phonon-polaritons from the Reststrahlen band. At a
small gap between the plates, both of these photonic states begin to contribute to
radiative heat transfer which is due to the tunneling of photons from one plate to
another on incompletely decayed evanescent waves. When the plates have a finite
thickness, the surface phonon-polaritons at the four vacuum/SiC interfaces begin
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to interact with each other, forming 4 hybrid modes in the Reststrahlen band
(Fig. 14c). In addition, the TO phonon always contributes to the radiative heat
transfer. It is shown that the indicated features of the transmission coefficient 𝒯12
appear as peaks in the spectra of radiative heat transfer between the plates.

The dependencies of the total intensity 𝐼12 of thermal radiation generated
by plate 1 and absorbed by plate 2 on the thickness of the plates and on the
distance between the plates are also analyzed. As 𝑑 decreases, the heat transfer
intensity increases as 1/𝑑2 for 𝑑 < 100 nm. As the distance 𝑑 increases, the coupling
weakens and for 𝑑 > 30 µm the function 𝐼12(𝑑) is constant; this means that for
such 𝑑 only propagating waves contribute to the heat transfer between the plates.
This corresponds to Wien’s law, which says that in the far-field, the intensity
of heat transfer does not depend on the distance between objects. By inspecting
the 𝐼12(𝑑) profile, one can call the range of distances 𝑑 < 100nm as a near-field
regime, while the range 𝑑 > 30 µm as a far-field regime. The dependence of 𝐼12 on
the thickness of the plates is very weak at a small distance between the plates.
Consequently, the heat transfer between the plates in the near-field is determined
mainly by the radiation and absorption of those parts of SiC plates which are
adjacent to the separating vacuum gap. In the far-field regime, at small ℎ, the
intensity of heat transfer increases with ℎ, since the thicker the radiating plate,
the more thermal energy it radiates. However, when the thickness of the plates ℎ
is large enough compared to the wavelength of thermal radiation, the heat transfer
intensity reaches a constant value.

To calculate the dynamics of the heat transfer, an integro-differential
equation is solved for the temperature 𝑇2(𝑡):

𝜌2𝐶𝑣2ℎ2
𝑑𝑇2(𝑡)

𝑑𝑡
= 𝐼1𝐵(𝑇1)− 𝐼2𝐵(𝑇2)− 𝐼1𝐶(𝑇1)− 𝐼2𝐶(𝑇2), (18)

where 𝐶𝑣2 is the heat capacity at constant volume of plate 2, modeled by the
Debye model, and 𝜌 is its density. It is assumed that the temperature of plate
1 is fixed at 300 K, and the temperature of plate 2 changes with time only due
to radiative heat transfer from plate 1. In particular, heat transfer ways such as
convection and heat conduction through phonons or electrons are excluded. In
the dissertation it is shown that equation (18) is applicable for thicknesses and
distances between plates less than 1. The time dependencies of the temperature of
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Fig. 15 — (a) Temporal dependencies of the temperature of plate 2, calculated for different 
distances between the plates 𝑑. Plate thickness ℎ =100 nm. (b) Thermalization time of plate 2, 
𝜏𝑠𝑠, and the steady-state temperature of plate 2, 𝑇 𝑠𝑠, as a function of the distance between the
plates. Plate thickness ℎ = 100nm. 𝑇1 = 300K, 𝑇2(0) = 273K.

(b)(a) Thermalization time (sec)Stationary temperature (K)

Fig. 16 — Steady-state temperature of plate 2 (a) and thermalization time (b) as twodimensional 
functions of the distance between the plates, 𝑑, and the thickness of the plates, ℎ. The near- and 
far-field regimes are separated by black dotted lines. The color scales on the right show the 
calculated parameter values. The solid line in panel (a) is the contour at 𝑇2

𝑠𝑠 = 273 K, which 
separates the heating and cooling regimes under the assumption that 𝑇2(0) = 273 K, 𝑇1 = 300 K.

plate 2, calculated for different distances between the plates, are shown in Fig. 15a.
It can be seen that at small distances 𝑑 = 1, 10 or 100 nm, due to heat exchange
with plate 1, plate 2 heats up with time and its temperature saturates at to 300 K.
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In the case of 𝑑 = 1𝜇m, the temperature 𝑇2(𝑡) also increases with time, but does
not reach the temperature of plate 1. This is explained by the fact that the heat
transfer intensity from plate 1 to plate 2 is not large enough to compensate a
decrease in the internal energy of the plate 2 due to its thermal emission into the
environment. As the distance 𝑑 increases, the heat transfer intensity becomes less
and less. At 𝑑 = 2.7µm, the temperature 𝑇2 no longer changes with time, and at
𝑑 < 2.7µm, the temperature of plate 2 decreases.

Fig. 15 shows the dependence of the thermalization time 𝜏𝑠𝑠 and the steady
state temperature of plate 2 𝑇 𝑠𝑠 on the distance between the plates 𝑑. When
𝑑 < 100 nm (near-field regime), the thermalization time 𝜏𝑠𝑠 is relatively short and
increases proportionally to 𝑑2, and the temperature 𝑇2 reaches 300 K. The value
of 𝜏𝑠𝑠 changes from 1.5𝜇s to ≈ 15 ms as the distance 𝑑 increases from 1 to 100 nm.
In the far-field regime (𝑑 > 30 µm), the thermalization time and the steady-state
temperature do not depend on the distance between the plates and take the values
𝜏𝑠𝑠 = 14.5 s, 𝑇 𝑠𝑠

2 = 187K.
Section 5.2 also considers the quantities 𝑇 𝑠𝑠

2 and 𝜏𝑠𝑠 as two-dimensional
functions of the plate thickness ℎ and the distance between them 𝑑 (see Fig. ??).
It can be seen that when 𝑑 is small enough (near-field regime), the heat
transfer intensity 𝐼12 is high, the temperature of plate 2 reaches 300K, and the
thermalization time of plate 2 is proportional to ℎ𝑑2. In contrast to the near field,
in the far-field regime only propagating waves are involved in heat transfer from
plate 1 to plate 2, and therefore the temperature of plate 2 in the stationary
state is lower than the temperature of the heat source (plate 1). In this case, the
thermalization time 𝜏𝑠𝑠 does not depend on 𝑑, but depends on ℎ. The gap size
value, which separates the plate 2 heating and cooling regimes, varies from 560 nm
to 2.8 m, depending on the thickness of the plates.

In Section 5.3, the effect of bistability in near-field radiative heat transfer
in a system of VO2 and SiO2 plates in the near-field regime, when the distance
between the plates is small enough for photon tunneling, is studied. The physical
basis for obtaining the bistability effect is a first-order phase transition in VO2

at a temperature 𝑇𝑝ℎ = 340K [40]. At 𝑇 < 𝑇𝑝ℎ, vanadium dioxide is a uniaxial
semiconductor crystal, and at 𝑇 > 𝑇𝑝ℎ it is an amorphous metal. In modeling near
field radiative heat transfer, the hysteresis of optical constants VO2 is taken into
account, and its temperature dependence of the specific heat capacity in constant
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(a)
(b)

Fig. 17 — (a) Heat transfer power from SiO2 plate to VO2 plate, 𝐹int(𝑇2) and net heat flux 
𝐹𝑛𝑒𝑡(𝑇2) for VO2 plate as a function of its temperature. (b) Temporal dependencies of the 
temperature of VO2 plate at various initial values. (c) and (d) Switching dynamics of the VO2 

plate from state 0 to 1 and vice versa. The dotted lines show the switching pulse of the external 
source. ℎ = 50 nm, 𝑑 = 50 nm, 𝐹0 = 1.9 · 104 W/m2, 𝑇SiO2 =300 K.

volume VO2 is calculated using the Debye model. In addition, since the metal
insulator transition is characterized by the latent heat of the phase transition, 
the specific h eat a t c onstant volume i n t he p hase t ransition t emperature range 
{𝑇𝑝ℎ−Δ𝑇,𝑇𝑝ℎ+Δ𝑇 } will have a related additional component: 𝑐𝑣 = 𝑐𝑣𝑜+Δ𝑐𝑣 [41]. 
Here 𝑐𝑣𝑜 is the heat capacity calculated by the Debye model, and the additional 
heat capacity Δ𝑐𝑣 is chosen such that 2Δ𝑐𝑣Δ𝑇 = 𝐿, where Δ𝑇 = 2 ,K and 
𝐿 = 51.49 J/g. Finally, it is assumed that in the heating or cooling regime, the 
optical constants VO2 remain unchanged until the total amount of heat required 
for the phase transition is absorbed. The choice of SiO2 as the material of the 
lower plate is explained by the intersection of the SiO2 and VO2 phonon lines 
and, as a consequence, by the high coefficient of  radiative heat transfer between 
the plates. In calculations, we assume that the temperature of the environment
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(bath) is 𝑇𝑏𝑎𝑡ℎ = 300K, the temperature of the SiO2 plate is fixed at 300 K, and
the temperature of VO2 varies. In the stationary state, the algebraic sum of the
thermal energy fluxes emitted and absorbed by the VO2 plate is equal to zero.
This can be described by the following equation:

𝐼net(𝑇2) ≡ 𝐼int(𝑇2) + 𝐼bath + 𝐼ext = 0, (19)

where 𝐼int(𝑇2) = 𝐼1𝐵 − 𝐼1𝐶 − 𝐼2𝐵 − 𝐼2𝐶 is the heat transfer power from the SiO2

plate to the VO2 plate due to the difference in their temperatures. The term
𝐼bath denotes the power of absorbed by the plate VO2 due to thermal radiation of
the environment, and can be calculated as −𝐼int(𝑇bath), and the term 𝐼ext is the
power absorbed by the VO2 plate from some external energy source. In practice,
the external energy source may be a heat source, a laser, or a heater. At a fixed
temperature of the SiO2 plate with some external power, the function 𝐼net(𝑇2),
which determines the steady-state temperature of the VO2 plate, can have three
roots (see Fig. 17a) due to the strong temperature dependence of the VO2 dielectric
permittivity [42]. Two of these roots correspond to thermal steady states. Since
at a sufficiently small distance between the plates the characteristic heat transfer
power is several orders of magnitude higher than in the case large distance between
the plates, then for a given heat capacity of the plate VO2 there is a significant
reduction in the thermal relaxation time [A15]. Thus, the VO2 plate has two
steady states, which differ in temperature and phase state. Further, the steady
state with 𝑇2 = 332.4K will be called state “0”, and with 𝑇2 = 349.1K — state
“1”.

To check whether states “0”and “1”are stable in time, the temporal
temperature dynamics of the VO2 plate was simulated using equation (18).
The solution of this equation is shown in Fig. 17b for initial plate temperatures
VO2, 𝑇2(0), 320–360. K. It can be seen that when the initial temperature of the
VO2 plate is less than 340 K, the steady-state temperature is 332.4 K. On the
other hand, for 𝑇2(0) > 340K, the steady-state temperature is 349.1 K. These
equilibrium temperatures can be obtained from an analysis of the temperature
dependence of the net heat flux for the VO2 plate (see Fig. 17a). In both cases,
the phase state of the VO2 plate does not change during thermalization. The
thermalization time for the VO2 plate is 3ms and is determined by the thickness
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(b)(a)

Fig. 18 — (a) Net heat flux 𝐼net for the VO2 plate as a function of its temperature 𝑇2. The arrows 
show the directions of temperature relaxation. (b) Time evolution of the temperature of the VO2 

plate at various external powers, 𝐹ext. The solid (dashed) lines indicate the time intervals when 
VO2 is in the crystalline (metal) phase. Vacuum gap ℎ = 50 nm, plate thickness VO2 𝑑 = 500 nm, 
laser power 𝐹0 = 340 and 900 W/m2.

of the VO2 plate ℎ, the distance between the plates 𝑑 and the characteristics of 
the material [A15].

Time-varying external power can be used to switch between states “0”and 
“1”. We will assume that the 𝐼ext(𝑡) function contains a single rectangular pulse Δ𝑡 
with a positive or negative amplitude Δ𝐼. The parameters of the pulses indicated 
in the text of the dissertation are chosen in such a way that during the time of their 
action, the change in the temperature of the plate VO2 is sufficient fo r a phase 
transition. As a result, as shown in Fig. 17c,d, regardless of the initial temperature 
of the VO2 plate, the system thermalizes to state “1”after exposure to a positive 
external pulse and to the state “0”after exposure to a negative external pulse. The 
total time required to switch from state “0”to state “1”is 5 ms, and from state “1”to 
state “0”— 4 ms. Reducing the switching time is possible only by changing the 
geometric parameters of the system.

Finally, the phase state of the VO2 plate can be read by measuring the 
transmission or reflection spectra of the system. The s imulation showed that the 
transmittance of the entire structure at 𝜆 = 1450 ̇nm at normal incidence of the 
probe beam is 0.43 in the case of the VO2 crystalline phase and 0.23 in the case 
of the metallic phase.

In Section 5.4, the effect o f s elf-oscillations i n n ear-field ra diative heat 
transfer is demonstrated for the first t ime. A fter t he i ntroduction a nd review
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of the literature, the dissertation presents a diagram of a self-oscillatory system
consisting, as in the previous section, of a semi-infinite SiO2 plate and a VO2

plate parallel to it with a thickness of ℎ = 50 nm, which, according to the near
field mechanism exchange thermal radiation through a vacuum gap. Further, the
algebraic sum of the energy fluxes emitted and absorbed by the VO2 plate is
considered as a function of its temperature:

𝐼net(𝑇2) ≡ 𝐼int(𝑇2) + 𝐼ext + 𝐼bath. (20)

Figure 18a shows the dependence 𝐼net(𝑇2) for two different powers of the incident
laser beam. It can be seen that both dependencies 𝐼net(𝑇2) have hysteresis, which
consists of jumps discontinuities in the total power 𝐼net at threshold temperatures
𝑇𝑝ℎ ± Δ𝑇 . The directions of 𝑇2 temperature relaxation are determined by the
sign of 𝐼net and are shown in Fig. 18a by arrows. At the laser beam power 𝐼ext =
900W/m2, the phase trajectory intersects the horizontal axis at a single point
𝑇2 = 348.1K. This means that at 𝐼ext = 900W/m2 the system thermalizes to
348.1 K regardless of the initial temperature. In the case of 𝐼ext = 340W/m2, the
phase trajectory intersects the horizontal axis at two points, and the directions
of temperature relaxation in the metallic and semiconductor phases are opposite.
This causes periodic changes in the temperature of the VO2 plate.

To find the period of self-oscillations, the simulation of the dynamics of
radiative heat transfer between the plates was carried out by solving equation
(18) with the initial condition 𝑇2(0) = 330K. The time dependencies of the
temperature 𝑇2(𝑡) obtained for different powers of the laser beam are shown in
Fig. 18b. In the absence of an external power flux (𝐼ext = 0), the temperature
VO2 increases to 333K, and no phase transition occurs. When 𝐼ext = 900W/m2,
the VO2 plate passes from the semiconductor phase to the metallic phase and
thermalizes to a constant temperature of 348.1K, which corresponds to the point
of intersection of the phase trajectory with the horizontal axis in Fig. 18. Finally,
in the case of a laser power of 340Ẇ/m2, the temperature 𝑇2 begins to oscillate
after a one-second relaxation to 342 K. The oscillation period is about 2 s, and it
is determined by the thermal inertia of the plate VO2, the distance between the
plates, the laser power, the threshold temperatures, and the latent heat of the
phase transition. Temperature oscillations are accompanied by periodic switching
between phase states VO2. Note that when the temperature of the plate VO2 is less
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than the temperature of the onset of the phase transition (338 K), thermalization
occurs faster than in the temperature range 338-342 K. This is due to the fact that
in this temperature range, the energy absorbed by the VO2 plate is spent not only
on heating, but also on the phase transition. In calculations, we assumed that the
derivatives 𝑑𝑛/𝑑𝑇2 and 𝑑𝜅/𝑑𝑇2, are large enough at 𝑇2 = 𝑇𝑝ℎ ± Δ𝑇 , which is a
key factor in the occurrence of self-oscillations. Additional modeling showed that
due to the thermal inertia of the VO2 plate, self-oscillations can occur even if the
parameters 𝑛(𝑇2) and 𝜅(𝑇2) do not change instantly, but in a small temperature
range 𝑑𝑇2 < 1.6 K near threshold values 𝑇𝑝ℎ ±Δ𝑇 .

Since the change in the net heat flux 𝐼net with temperature is a process
that is essentially non-linear in temperature, which occurs due to a change in
the VO2 internal structure during the phase transition, then the considered self
oscillations belong to self-oscillations of the relaxation type, where the metal
semiconductor phase transition plays the role of positive nonlinear feedback. An
oscillatory system never reaches a stationary state, but is constantly thermalized
along its phase trajectories.

In the conclusion section, the main results of the work are presented:
1. The existing Fourier-modal method in the scattering matrix form has

been implemented as programs, which makes it possible to preserve
an arbitrary symmetry of two-dimensionally periodic structures when
decomposing fields into Fourier harmonics. Based on the implemented
algorithm, the reflection, transmission, absorption, photoluminescence,
and thermal radiation spectra of various multilayer periodic structures
have been calculated, and the dispersion curves of their resonances have
been plotted.

2. It has been shown that field redistribution in dielectric and metal
dielectric periodic structures leads to the appearance of quasiguided and
hybrid waveguide-plasmon modes, which are diffraction-coupled with
the far field and appear as narrow and wide peaks in the reflection and
photoluminescence spectra.

3. For the first time, the transverse magneto-optical Kerr effect (TMOKE)
in magnetoplasmonic structures with the most common magnetic
material on Earth, magnetite, has been studied. A multiple wideband
enhancement of the transmission response of TMOKE in such structures
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has been demonstrated in comparison with a homogeneous magnetite
layer without gold stripes. It has been shown that this effect is due to
the hybridization of the waveguide modes of the magnetite layer and
the plasmonic modes of the gold grating.

4. The photoluminescence spectra of semiconductor quantum dots in
a photonic crystal slab waveguide with a hexagonal lattice have
been studied. High-quality peaks have been demonstrated in the
photoluminescence spectra of such structures, the existence of which
is explained in terms of group theory by symmetry-protected bound
states in the continuum. Symmetric field distributions in such modes
have been constructed, and their quality factor has been estimated.

5. The emissivity of chiral metasurfaces has been studied. For the first
time, an ideal vertical router for the radiation of an oscillating dipole
based on a double chiral photonic crystal slab waveguide has been
proposed. It has been shown that the principal attainability of 100%
of the routing coefficient is due to the D4-symmetry of the structure
and the occurrence of Fano resonances in it. In addition, the possibility
of obtaining circularly polarized thermal radiation from such structures
in the absence of an external magnetic field has been shown.

6. The Purcell effect of quantum dots located in wedge-shaped layers,
in structures with gold nanorods, and also in a photonic crystal slab
waveguide has been studied. It has been shown that the redistribution
of the eigenfield of these structures significantly affects their Purcell
factor. This allows one to determine the internal quantum efficiency
of light emitters in wedge-shaped structures, and also leads to the
existence of optimal geometric parameters of the system in terms of
their photoluminescence intensity. In addition, it has been shown that
the periodic structure of a homogeneous photonic crystal slab waveguide
does not lead to a significant increase in the Purcell factor of the
quantum dots contained in it.

7. The features of near-field radiative heat transfer between homogeneous
plates of polar materials in static and dynamic cases have been studied.
It has been shown that the intensity of near-field radiative heat transfer
between two homogeneous parallel plates, their thermalization time,
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as well as their equilibrium temperatures depend significantly on the
thickness of the plates and the distance between them. The effects of
near-field thermal bistability and thermal self-oscillations in a system
of parallel plates of silicon dioxide and vanadium dioxide have been
theoretically demonstrated for the first time.
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