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TQOPEN CONFERENCE WP,

Conference Schedule

May 14, 2024 (Tuesday)

15:00-16:00 Pre-registration
(Higher School of Economics — St. Petersburg, site on Kantemirovskaya 3)

15:00-Round table "Physics and technology of IlI-V structures for micro- and nanolasers" the presented
scientific results were prepared based on materials from the "Mirror Laboratories" project of the HSE
University and Southern Federal University.

May 15, 2024 (Wednesday)

09:00-10:00 On-site registration (Higher School of Economics — St. Petersburg, site on Kantemirovskaya 3)

10:00-10:10 Opening ceremony
Alexey Zhukov (Higher School of Economics — St. Petersburg, Russia)

10:10-10:40 Vortex laser beams and their application in signal transmission - online
Victor Soifer (Samara University, RAS, Russia)

10:40-11:10 Halide perovskite microlasers
Anatoly Pushkarev (ITMO University — St. Petersburg, Russia)

11:10-11:40 Plasmon structures in silicon integrated photonic
Vladimir Drachev (SKOLTECH, Russia)

11:40-12:00

12:00-12:30 Carbon nanostructures. Discovery at the tip of a pen and applications in electronics
Alexander Vul (loffe Institute, Russia)

12:30-13.00 Race for high speed data communication. Pathway to 200 Gb/s VCSELs
Vitaly Shchukin (VI Systems, Germany)

13.00-13:30 Elevator speech session |
(Young scientists explain key idea of their posters in 1 minute presentation using 1-2 slides)

13:30-15:00



TOPEN CONFERENCE WP,

15:00-16:30 Poster Session |

1. Nanophotonics, Spectroscopy, Microcavities, Optics, Plasmonics, Spintronics, Electro- and Magnetooptics
2. Nanobiotechnology, Biophysics and Biophotonics

3. Electric, Magnetic and Microwave Devices

16:30-17:00

17:00-18:00 Poster Session |

1. Nanophotonics, Spectroscopy, Microcavities, Optics, Plasmonics, Spintronics, Electro- and Magnetooptics
2. Nanobiotechnology, Biophysics and Biophotonics

3. Electric, Magnetic and Microwave Devices



TOPEN CONFERENCE WP,

May 16, 2024 (Thursday)

09:00-10:00 On-site registration
10:00-10:30 Energy flux balance in conservative mediums and fields
Anton Krivtsov (Peter the Great St. Petersburg Polytechnic University, Russia)

10:30-11:00 lI-Nitride Technologies, Lasers and transistors
Evgeny Lutsenko (B./.Stepanov Institute of Physics, Belarus)

11:00-11:30 Application of photoelectron spectroscopy methods for the electronic and magnetic
structure studies of 2D materials - online
Yuriy Dedkov (Shanghai University, China)

11:30-12:00

12:00-12:30 The mystery of blinking quantum dots
Pavel Frantsuzov (Voevodsky Institute of Chemical Kinetics and Combustion Siberian Branch of the Russian
Academy of Sciences, Russia)

12:30-13:00 Neuromorphic information processing using quantum dot lasers
Evgeny Viktorov (/ITMO University — St. Petersburg, Russia)

13.00-13.15 - Presentations by sponsors

13.15-13.30 Elevator speech session Il
(young scientists explain key idea of their posters in 1 minute presentation using 1-2 slides)

13:30-15:00

15:00-16.30 Poster Session Il

4. Lasers, solar cells and other optoelectronic devices

5. Crystal growth and structural properties of semiconductor materials and nanostructures
6. Other Aspects of Nanotechnology

16:30-17:00

17:00-18:00 Poster Session Il
4. Lasers, solar cells and other optoelectronic devices
5. Crystal growth and structural properties of semiconductor materials and nanostructures



TQOPEN CONFERENCE WP,

6. Other Aspects of Nanotechnology

18:00-18:30 Closing remarks and award ceremony
Alexey Zhukov (Higher School of Economics — St. Petersburg, Russia)

18.30-Round table “Design, fabrication and study of wide-bandgap IlI-N heterostructures and high quality
resonator microlasers" in the framework of HSE Academic Cooperation project on the current agenda of the
joint project between the International Laboratory of Quantum Optoelectronics (HSE - St. Petersburg) and
the Center for Wide-Bandgap Nano- and Microelectronics (B. I. Stepanov Institute of Physics of the NAS of
Belarus)

May 17, 2024 (Friday)

The whole day Departure, free time

Optional: Guided tour at the Int. Lab. of Quantum Optoelectronics, HSE — St Petersburg
(11.00-12.00)



1. Nanophotonics, Spectroscopy, Microcavities, Optics, Plasmonics,
Spintronics, Electro- and MagnetoopticsNanophotonics, Spectroscopy,
Microcavities, Optics, Plasmonics, Spintronics, Electro- and Magnetooptics

May 15, 2024
15:30-18:00 Poster Session |

1-1 Anxanabu Xagnnb Het YHusepcutetr U TMO

Strengthening irradiated areas of photo-
thermo-refractive glass with silver
nanoparticles.

CaHkT-MNeTepbyprckuin
rocy4apcTBeHHbIN

yHUBepcuTeT Overview of fiber optic communications in
1-2 ApuHywKkunHa KceHua [eHHaabeBHa . .
TeNEKOMMYHMKaL M railway transport
um. npood. M. A. BoHu-
bpyesunua
dU3NYECKMI UHCTUTYT . . . .
Efficiency analysis of generative adversarial
1-3 babyxuH [annna Banepbesuny nmenu M. H. Nlebepesa . o .
networks for single pixel imaging
PAH
Evolution of luminescent properties of single
1-4 bauToBa Banepua  AnekcaHgposHa HWY BLLU3 perovskite nanocrystals CsPbBr3 in the
photodegradation process
CaHKT-MNeTepbyprckui . . o
. Study of areas of dimentional quantization in
1-5 baweryposa EneHa AneKkcaHApPOBHA rOCYAapPCTBEHHbIN
GaAs/AlGaAs quantum dots
yHUBEPCTUTET
The development of graphene-based terahertz
HWY BLU3 MNIM unm. . .
1-6 boHpapesa NonuHa UropesBHa bolometers using the noise-thermometry
A.H. TuxoHoBa
method
MeayHapoaHbIn
Hay4Ho- . .
. Fluorescence recovery and holographic grating
obpasoBaTenbHbIi . . . .
1-7 bBopoauHa Nob60oBb HuKkonaeBHa relaxation studies of photoinduced changes in
LeHTP GU3UKHK e
diffusivity
HaHOCTPYKTYp,
YHusepcutet U TMO
. Experimental investigation of the fiber-optic
1-8 bpasosckumn neb PycnaHosuu cneryTt . .
sensor for solution concentration
Express kidney monitoring method for early
1-9 BakopwuHa [apba BnagnmuposHa CIMBIYT . .
detection of kidney damage
The use of Raman and laser-induced
1-10 TpwuboscKan Onbra CepreeBHa cneraty breakdown spectroscopy for the study of iron-
containing inks
1-11 [Oepuit Nnba AnekcaHaposuy YHusepcuter UTMO Optical Spintronics
Development of directional coupler based on
CMNBAY PAH um. XK. U. . . . .
1-12 Epecbko PoawvoH Masnosuy gallium phosphide nanowires for integrated
Andeposa .
nanophotonics
CankT-lMeTepbyprckuii . .
. Influence of the annealing on the optical
rocyfapCTBEHHbIN . . . . .
1-13 Epwos AneKkcaHap AneKcaHapoBuY properties of silicon nitride waveguides with

3/IEKTPOTEXHUYECKUI
yHuBepcutet "N19TU"

various thicknesses



mm. B.U. YnbsaHoBa
(NleHunHa)

Peculiarities of the local electromagnetic field
CMBAY PAH um. XK. U.

1-14 3aBbAnoBa EceHua CepreesHa distribution in Non-van-der-Vaals InGaS3 thin
Andeposa .
layers slot waveguides
MoCKOBCKMI
locyaapcTBEHHbIN Application of properties of neuromorphic
1-15 WBaHoB depnop JleoHTbEBUY . . . ..
YHuBeEpcUTeT UMEHU optoelectronic sensors in machine vision tasks
M.B. JlomoHocoBa
CaHkT-MNeTepbyprckuin
rocyfapCTBEHHbIV
. anekTpoTexHuyecknin  Features of the reduced graphene oxides:
1-16 WnbuH Matsen EBreHbeBuny X .
yHuBepcuteT «J1I3TU»  spectral and conductive properties
umeHun B. U. YnbaHoBa
(NleHmnHa)
CM6AY PAH um. XK.N. o
1-17 KaguHcKas CeeTnaHa AnekceeBHa Random lasing in hydrothermal ZnO structures
Andeposa
. CMN6AY PAH um. XK.W. lon exchange for obtaining second-order
1-18 KaH feHHagun PagnoHoBMY . o
Andeposa nonlinearity in glass
The influence of chiral ligands on the optical
1-19 Kapambiwea Codbsa MNasnoBHa YHusepcutet U TMO . .
properties of AgBiS2 nanocrystals
Camapckui . . . .
Metal—dielectric resonator integrated in an
yHusepcuteT/UHCTUTYT . .
1-20 Kawanos ApTem Nnbsacosuy asymmetric slab wavegude for spatiotemporal
cuctem 06paboTku ) )
. optical vortex generation
n306paxKeHni
Nabopatopus Study of the photoluminescence properties of
1-21 Kupuuenko [axnn BnagmmmpoBud  anmuTakcUanbHbIX subcritical InAs/GaAs quantum dots formed
TexHosnormn 0Py onto structured substrates
Two-dimensional PbSe/PbS near-infrared
1-22 KnumeHko JapvHa UropesHa YHusepcutetr U TMO heterostructures with perovskite passivated
surface
MocKoBcKui
Meparornyecknit
locynapcTBeHHbIN Spatial light modulator based on rotating disk
1-23 Jlebegesa Ennsaseta CepreesHa . o L
YHuBepcuTer, for single-pixel imaging in IR-range
Nabopatopus
KBAHTOBbIX AETEKTOPOB.
Cankt-MeTtepbyprcknit  Numerical analysis of dispersive wave
. . rocyfapCTBeHHbIN generation in glass whispering gallery mode
1-24 JlyHés AHapen HOpbesuy . . .
3/IeKTpOTEXHUYECKU  resonators doped with plasmonic CuS
yHuBepcuteT «JI3TU»  nanoparticles
Spectral and photocatalytic properties of Ag-
1-25 MapacaHos Omutpuin  BsauecnaBosuy  YHusepcuteTr UTMO AgCl nanostructures formed on surface of

silicate glass by ion exchange

CNB6AY PAH um. X.W. Nonlinear optical phenomena in mesoporous

1-26 Macranmesa BukTOopnMa AHaTONbeBHa . o .
Andeposa Si02 and Si/SiO2 nanoparticles

CapaTtoBckuit punmnan

MHcTuTyTa . i
. KoHctaHtH Terahertz lasing in a metal groove with
1-27 MawmnHCcKnm BukTopoBumY PaANOTEXHUKMU U L
H population inverted graphene
INEKTPOHUKM nm. B.A.

KotenbHnkosa PAH



Laser imprinting of large-scale phase patterns

1-28 MeHblMKoB  EBreHui Bnagnmuposuy YHusepcutetr UTMO . . Lo
A P P in GST using a spatial light modulator
. Spectrocopic markers in raman spectra for the
1-29 Mwuxannosa AHHa BnagumumposHa UL XD PAH . . .
analysis of wood bases of antique icons
The research and analysis of nonlinear optical
1-30 MypsaranuHa Coodbsa MapaToBHa M®TU phenomena
in silicon slot waveguide structures
Mockosckuit pusmko-  The effect of electrode diameter on the
1-31 Hosocénos ApTém Kupunnosuy TEXHUYECKUI MHCTUTYT composition of zinc aluminate particles
(MDTH) obtained in a gas discharge.
Synthesis of aluminum nanoparticles using
1-32 HypanauH MeccaH Canex MOTU spark discharge for applications in ultraviolet
plasmonics
Spectrally-resolved photoluminescence decay
1-33 OcKonkosa TaTbAHa OneroBHa YHusepcutet U TMO . .
kinetics of size-selected AgInS2 quantum dots
Mepmckui
rocyZapCTBEHHbIN . . .
. . Microlenses at the ends of optical fibers that
1-34 [aHbKOB AHatonunin Cepreesuy HaUMOHaNbHbIN Lo o
. preserve radiation polarization
nccnenoBaTeNbCKui
yHUBEpCUTET
Study of planar microcavity structure with
1-35 [anbines JeHunc Cepreesuy YHusepcutetr U TMO In0.63Ga0.37As quantum dots and
Al0.2Ga0.8As/Al0.9Ga0.1As mirrors
Surface Plasmon-Polariton excitation in GaAs
1-36 MawwuHa Onecsa UropesHa YHusepcutetr U TMO . . . . . . .
films via optically-induced diffraction grating
Photocatalytic properties of Ag-AgBr
nanostructures formed by ion-exchange in
1-37 [ecHsakos Bnagmncnas BuKkTOpoBMY YHusepcutet U TMO .
photo-thermo-refractive glass for water-dye
degradation
oryn «PeAU-BHUUTO . . . .
Cleaning of miniaturized lenses integrated on
1-38 [llewkKunyesa ogmnna EBreHbeBHa um. Akagem. E.U. . .
.\ optical fibers
3ababaxnHa
. . Simulation of an all-optical logical comparator
Makcummnn HOxHbIN DepepanbHbIn . .
1-39 [neHuHrep - based on a GaAs photonic crystal operating at
MaH YHusepcutet
a wavelength of 1.3 um
CankTt-lMeTepbyprckuni
rocyapCTBEHHbIN
. yHUMBEpCUTET Features of the implementation of optical
1-40 [onoBcKkumn Hukuta Nropesuny . . . .
TE/IeKOMMYHUKA LN superchannels in flexible optical networks
um. NMpod. M.A. BoHu-
Bpyesunua
CankTt-lMeTepbyprckuni . . o
. A new method of managing the discretization
NONUTEXHUYECKMI . . . .
1-41 MMposoauH JOanvnn Cepreesuny of the scale in a differential mobile
yHuBepcuteT lNeTpa
refractometer
Benukoro
1-42 Pabow EkatepuHa BnagmmuposHa YHusepcuter UITMO Confocal microscopy of a display hologram
Topological edge states supported by two-
1-43 Po3eH6AUT AnuvHa OmuTpuesHa YHusepcuter UTMO dimensional square-lattice arrays of
bianisotropic dielectric resonators
Photoluminescence of self-induced InAs
1-44 Pyxeswny Makcrm CraHucnasosny YHusepcuter NTMO

nanowires diluted with nitrogen



CamapcKkui
HaLUMOHaNbHbIN

The investigation of optical needle formation

. uccnenoBaTenbCKuii . . .
1-45 Casenbes Omutpuin  AHgpeesund by subwavelength optical elements using high-
YHUBEPCUTET UM.
performance computer systems
Akagemmka C.M.
Koponesa
MockoBCKuit dpu3smnKo-
TexHuyecknit nHctuTyt  Influence of gas flow rate and heating on the
1-46 CaHaTtynuHa ApuHa dapnaosHa (HauMoHaNbHbIN dimensional properties of platinum particles
nccnenoBaTeNbCKuii synthesized in a gas discharge
yHUBepcuTeT)
Luminescence enhancement in inelastic
CnbAY nm. ) .
1-47 ConomoHos HukunTa AneKkcaHapoBuy tunnelling of electrons by changing the
K.N.Andeposa .
geometry of the tunnelling contact
Investigation of the characteristics of the
1-48 ConoHoBuu Hukuta EBreHbeBuy HUTY MUCUC . . .
metaatom field in the high-frequency range.
ro
"Hay4yHo-npakTuyeck
WA LEeHTP ) ) ) )
1-49 CraHuuK AnéHa BukTOpoOBHa HaunoHanbHoM Quantum size effect in cadmium sulphide
films after plasma treatment
aKagemunmn Hayk
Benapycu no
MmaTepuanoBegeHuio"
CN6MYT um. npod. M Features of express control of three-
1-50 CrenaHeHKoB [puropuii  BukTOpOBMY component mixture of volatile hydrocarbon
A. BoHu-bpyeBunya s .
media in visible light
Modeling the dynamics and properties of the
1-51 Tabuesa ApuHa BaaumoBHa YHusepcutetr U TMO compressed state of light in a phase
modulator.
MoOCKOBCKMI dU3nKO- . . .
. E-beam resist AR-N 7520 in the formation of
1-52 detuceHkoBa KceHus AnekceeBHa TEXHUYECKUIA UHCTUTYT .
the photonic structures
(PusTex)
®reoy BO . . .
. Hierarchical self-assembly of Si02-Sn0O2 nano-
«[leH3eHCcKnmn . . .
1-53 duannnos NBaH Anekceesuny . and microstructures in combined sol-gel
rocyZapCTBEHHbIN
systems
YHVUBEPCUTETY
NabopaTtopus ONTUKK
cnuHa umenn U.H.
. Ypanbuesa, CaHKT- Optically driven spin-alignment precession in
1-54 ®omuH Anekcen AHapeeBuny . .
MeTepbyprckui cesium vapor
rocyapCTBEHHbIN
yHuBEpCUTET
CaHkT-MeTepbyprckuit
NONUTEXHUYECKUIA Numerical study of the optical mode structure
1-55 ®PyHTUKOBA AHactacua CepreeBHa .
yHuBepcuteT um. MNetpa of GaP nanowires
Benukoro
Design of an optical fiber based sensor for
1-56 YepegHukoBa ApuHa AnekceeBHa NTMO o
temperature-sensitive measurements
Organic kainate single crystals as a broadband
1-57 YurnnHues IMunnb Onerosuy M®TU
THz source for Yb laser
1-58 LleuH Kupunn MW3M HNY Towards the realization of NbSe2 NIR



BLIS/MNTY

photodetectors integrated on a silicon nitride
waveguide.

HWY "MocKkoBcKui

Improvement of the technique for describing

1-59 Auyk Bnagumup Apkagmesuy SHepreTMyeckui . . .
.\ the scattering of photoelectrons in a solid
WHCTUTYT
CMN6AY PAH um. K.N.  Study of mode leakage into substrate in
1-60 MenbHu4yeHKo WMBaH Anekceesuny i .
Andeposa microdisk lasers
PU3NYECKUIA UHCTUTYT
1-61 PeyTtoB Anekcer  Anekceesuy umenu . H. lebepesa
PAH

CMBAY PAH um. XK.N.

1-62 [asblgos Poman Bagumosuy
Andeposa

Features of monitoring the state of liquid flow
by nuclear magnetic resonance using the
modulation technique to record the NMR
signal

1-63 MartBeeBa MwuneHa BagumosHa YHusepcutetr U TMO

Investigation of entangled states of a three-
mode electro-optical modulator

BnagnvmnposH
1-64 ManoxaTko Coodba MH3M KoY
a

Determination of metasurface structure
dimensions by plasma chemical etching for
metalens application

CM6AY PAH um. XK.N.

1-65 MactotuH OmuTtpuin - Anekceesuy
Andeposa

The effect of rapid thermal annealing on the
optical properties of structures with
InGaPAS/InGaAs Quantum dots

2. Nanobiotechnology, Biophysics and BiophotonicsNanobiotechnology,

Biophysics and Biophotonics
May 15, 2023
15:30-18:00 Poster Session |

Superconducting Single Photon Detector with

2-1 AHppees Bnagucnas Cepreesuy HWY BLIS/MAOTY multimode fiber coupling for PLIM\FLIM
applications
®reoy BO
"MeH3eHcKni Automated bioimpedance measurement

2-2  AHTUNEHKO Bnagnmup BukTOpOBMY .
rocyapCTBEHHbIN

yHuBepcutet"

system for body composition studies

CaHKT-MeTepbyprckuit
2-3 AptamoHoBa [lapbsa AneKkcaHapoBHa  [0OCyAapCTBEHHbIN
YHusepcutet

Formation of compact DNA structures with
nanoparticles

CaHkT-lNeTepbyprckuit
2-4 babaes Kupwunn Bnagmmumposumy NOAUTEXHUYECKUM
yHuBepcuter lMNeTpa

Development of hardware and software
complex for assessment of the functional state
of the microvasculature



Benukoro

CaHkT-TNeTepbyprckuit
HaLUMOHaNbHbIN

nccnenoBaTelbCKUi
. AKagemumyeckuit NELM - multi-algoritmh software for analysis
2-5 bonuosa HaTtanba AHOpeeBHa . . o
yHuepcuteT umenm XK. of high resolution bioimpedance spectra
. Andéposa
Poccuiickoi akagemum
HayK
Express kidney monitoring method for early
2-6 BakopwuHa Jdapba BnagnmuposHa cneryTt . .
detection of kidney damage
depepanscHoe
rocyapcreeHHoe
aBTOHOMHOE
obpasoBaTtenbHoe L . .
Integrated application of Calcium Imaging and
yuYpeaeHue BbicLero . . .
2-7 BuHOKypoB Erop KoHcTaHTMHOBMY electrophysiological recording of neuronal
o0bpasoBaHuA «CaHKT- L
. activity in vivo
MeTepbyprckui
NOINTEXHUYECKUI
yHuBepcuteT leTpa
Benukoro»
Dorsal skinfold chamber adaptation for
2-8 Bnacos AnekcaHap AHppeeBund Oreoy BO «MMOry» . . .
optimal microscopy studies
. HWY BLU3 B CaHKT- Structure and properties of small gold clusters
2-9 [Oemupos HOpwnn AHppeeBuny o
MeTepbypre labeled by actinium
NHcTUuTyT Application of the convolutional neural
aHa/INTMYECKOro network AlexNet in the problem of
2-10 [eHwncosa EneHa ApTemoBHa npubopocTpoeHus classification of electrocardiosignals obtained
Poccuiickon akagemum by ultra-high resolution electrocardiography
HayK method
Microlithography Technology Usin
. CMNBAY PAH nm. XK.N. . grapny . &Y g
2-11 [Oy6uHa ®dunumnn Mwuxainnosuy And BioLaboratory Equipment for Multielectrode
noeposa
P Arrays Fabrication
Conditions of AgNPs/flavin mononucleotide
2-12 AywuHa AHactacua OnerosHa H1UAY MUK complex formation as a tool to tune optical
properties of this complex
CaHkT-lNeTepbyprckuit
rocyaapCTBEHHbIN
yHUBepcuteT Express diagnostics of human health using
2-13 KecTKasn EkatepnHa AnekceeBHa . o . .
TeNeKoOMMYHUKaLUUn laser radiation absorption signals
nMeHn npodeccopa M.
A. boHu-bpyesuua
FocypaapCcTBEHHbIN
yHUBepcuTeT Investigation of tissue respiration functions by
2-14 3aHeBCKas Mapwus KOpbeBHa .
A3POKOCMMYECKOTO optical methods
npubopocTtpoeHns
NHCTUTYT
CUHTETUYECKUX . .
Nanoparticles based on organic donor-
2-15 MWcaesa HOnua AneKkcaHApOBHA  NOJMMEPHbIX

matepunanos um. H.C.
EHnkononosa PAH

acceptor compounds for biomedicine



®reoy BO

Options for implementing electrical

. "MeH3eHCKuin . ) .
2-16 JleBuH Anekceh  Uropesuy . impedance tomography for diagnostics blood
rocyfapCTBEHHbIN ]
N clots and bruises
yHUBEpPCUTET
CaHkT-MNeTepbyprckuit o
. A sensor for monitoring pulse wave
. NOSIMTEXHUYECKUI . .
2-17 Mcykap Cyxanp - parameters for express diagnostics of human
yHuBepcuTeT lNeTpa .
cardiovascular system
Benukoro
. Improving Compliance of Brain MRI Studies
. AndepoBckum . . .
2-18 Hedepbes Hukonahi  Anekceesuu with the Atlas using a Modified TransMorph
yHUBepcuteT
Neural Network
CaHkT-NeTepbyprckuin
2-19 HWKUTUH JdaHuna AnekcaHaposuy  [ocyAapCTBEHHbIN Iron mediated DNA-catechin complexes
YHuBepcutet
Methodology of potentiometric
microbiological testing as applied to the
NHCTUTYT . i L
comparative evaluation of antibiotic
aHaNUTUYECKOTO . L
properties of essential oils (MeToauka
2-20 PomaHoBa BepoHuka BsavecnaBoBHa npubopocTpoeHus
. NoTEHLMOMETPUYECKOTO
Poccuinckon Akagemmn
MWKPOBMOIOrMYecKoro TeCTMpoBaHuA
HayK
y NPUMEHUTENBHO K CPAaBHUTE/IbHOW OLEHKE
AHTMBUMOTUYECKMX CBOWCTB 3MpPHbIX Macen)
NHCTUTYT PU3mnKo-
OpPraHNYecKom XMmmm
P . N-arylated DABCOnium salts for thiol and
2-21 POHMWeEHKO boraaH BAyecnasosuny HaunoHanbHoM .
selenol sensing
aKaZemMum Hayk
benapycu
MepBbii MOCKOBCKMUIA
rocyaapCTBEHHbIN Laser welding of biological tissues using
2-22 PAGKUH Omutpuin - Uropesuy MeANLMHCKUI galvanoscanner and focused laser radiation
yHuBepcuTeT umenu M.  transport
M. CeueHoBa
AKagemuyeckum . L .
Survival rate, viability and transfection of
2-23 CocHoBuuKaa 3naTa duamnnosHa YHUBEPCUTET UM. . .
eukaryotic cells on GaP and GaAs nanowires.
Ancdeposa
MocKoBCKUM
rocyaapCTBEHHbIN Intravital microscopy: dorsal skinfold chamber
2-24 CrenaHos Makcm EsreHbesny .
neaarorMyeckui model.
yHUBEpCUTET
PHUMY um. H. U. Modified natural polymers with bioactive
2-25 Cyukos Makcmm HOpbesuy . ) .
Muporosa additives for restoration of critical bone defect
MepBbii MOCKOBCKMIA
rocyaapCTBEHHbIN Investigation of solder based on nanoparticles
2-26 CyuKkoBa BuKktopusi BMKTOpOBHA MeANLMHCKUIA with metallic properties for laser
yHuBepcuteT umeHn M. reconstruction of blood vessels
M. CeveHoBa
®UL XP PAH mm. H.H.  Fluorescent cell imaging with femtosecond
2-27 CblpynHa Mapwusa CepreeBHa . .
CeméHoBa laser pulses-produced protein nanoaggregates
Structure of bovine serum albumin in solution
2-28 depoTtoBa EnvzaBeta BnagucnasosHa  Cl6ry and films as revealed from vibrational

spectroscopy



Nabopatopus
ANarHOCTUKM
yrnepoaHbIX
maTepuasnos u

CMMHOBO-ONTUYECKUX

ABNEHUN B Scattering of ultrashort laser pulses on
2-29 Xapnamosa AHactacna AneKkcaHApOBHa
LUIMPOKO3OHHbIX pseudoknots RNA
noslynpoBOAHUKAX
CeBepHoro
(ApKTnyeckoro)
depepanbHoro
yHMBEpCUTETA
CaHkT-TNeTepbyprckuit o . .
. . Pteridines Sensors Based on Amino Acids-
2-30 LWexosuoB Hukonan  BukTopoBuy rocy,apcTBeHHbIN o
Stabilized Gold Nanoclusters
yHUBepcutet
Antibacterial properties of riboflavin under
2-31 UWpam MonnHa MNeTpoBHa ®re0y BO «MMIy» photodynamic exposure in a culture of
fluorescent bacteria E. Coli.
CaHkT-lMNeTepbyprckuit
NOSINTEXHUYECKUNIA A new technique for determining calibration
2-32 MopdupbeBa EneHa ButanbesHa . .
yHuBepcuter lMNeTpa coefficients in the esCCO method
Benukoro
Methodology of Mass Spectrometric Quality
2-33 JlamunHa KOnua BnagnmmposHa CMN6AY PAH/UAN PAH

Control and Toxicosafety of Dairy Products

3. Electric, Magnetic and Microwave Devices
May 15, 2024
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CaHkT-MeTepbyprckuit

NONUTEXHUYECKUIA Voltage controlled generator for
3-1 AdaHacbeB HuKkuta Cepreesuny . . .
yHuBepcutet MNeTpa multifunctional radar station
Benukoro
. CN6AY PAH um. X.W. Tunnel effect investigation in GaN/Si
3-2  bapbikuH Omuntpui ApTemoBuy .
Andéposa heterostructure
Apocnasckuit Punnan (AP
®TUAH PAH)
depepanbHOro
rocysapCTBeHHOro .
A compact MEMS switch for advanced radar
3-3 benosepos Wropb AneKcaHAapoBUY  BIOAMKETHOTO YUpeKAeHNS ‘
systems
HayKu Pusunko- Y
TEXHOJIOrMYEeCcKoro
WMHCTUTYTa Poccuinckom
aKaZemMuu Hayk
3-4  bypmucrtpos Oner Nnbny YHusepcutetr UITMO Wireless power transfer in MRI with a



detuned birdcage coil

Mobius strip inspired design of a multiband

3-5 bypues Bnagnumup  JeHuncosuy M®TU, dnstex . . . .
dipole-like circularly polarized antenna
Control of the functional characteristics of
3-6 Begp Muxaun Bnagucnasosny HUDTU HHIY spin light-emitting diodes
InGaAs/GaAs/Al203/CoPt
oryn "poAd - BHUUTS
3-7 Tycc NMogmnna  EBreHbesHa num. akagem. E.N. Manufacturing of C-Cu-C laser targets
3ababaxmHa"
MeH3eHCKNni
. Structure of a software -hardware complex
3-8 EmenbaHos Hwukuta Cepreesuny rocyapCTBEHHbIN .
for the study of ferroelectrics
yHUBEpcUTeT
MY (MocKoBcKuit . ) .
. A mmWave dielectric antenna with
nesarormyeckui . . .
3-9 EpuwosBa Mapraputa WropesHa . symmetric beam compatible with PCB
rocyZapCTBEHHbIN .
machinery
yHMBEpPCUTET)
CaHkT-MeTepbyprckuit
NONINTEXHNYECKUNIA System of the temperature controller for the
3-10 Wcynosa EkaTtepuHa BacunbeBHa o
yHuBepcuteT MeTpa rubidium frequency standard
Benukoro
CaHkT-MNeTepbyprckuin
NONINTEXHNYECKUIA New stripline linear sensor design for
3-11 Knumenko [apbsa OpbeBHa . ) o
yHuBepcutet MNeTpa industrial applications
Benukoro
CaHkT-TNeTepbyprckui
NONUTEXHUYECKUI Analysis of the trajectory of a symmetrical
3-12 Knumosa Codbsa AHpapeeBHa L. . . o
yHuBepcuteT MeTpa spinning top in the Earth's magnetic field
Benukoro
KosKeBHUKO . MHCTUTYT cunbHoTouHOM  The role of ectons in the vacuum breakdown
3-13 Bacununn OpbeBuy
B anekTpoHunkn CO PAH process
MoOCKOBCKMI
Meparormnyeckni
FocyfapcTBeHHbIN
YHusepcutet, UHCTUTYT
KoyxoBcK . ®un3nkm TexHonornm n Terahertz integrated H-plane bend:
3-14 Anekcen KOHCTaHTMHOBMY . . . . L
nin MHPpopMaLMOHHBIX simulation and experimental investigation
Cuctem, Kadeapa Obuwen
N IKcnepumeHTaIbHOM
®usunkn, labopatopus
KsaHTOBbIX JJeTekTopos
HauuoHanbHbIN . . . .
. Field plates design optimization to increase
3-15 Ko3nosckaa EkatepuHa AHapeeBHa nccnenoBaTenbCKkni
breakdown voltage of GaN HEMT
yHuBepcutet « MUIT»
APTY wm. N.I. Aemnposa / . e " .
. Combined resistive-capacitive MEMS switch
3-16 Moposos Matsen Onerosuy AP PTUAH nm. K.A. L
for advanced communication systems
Banuesa PAH
. MITY nm. H.2. Development of a Ku-band phased array
3-17 Hasapos HataHun Mwnxannosuy . o
baymaHa/M®TU, dustex antenna for satellite communication
HauuoHanbHbIN Research of thin Ti/Al films resistivity and
3-18 HuKutKH KoHcTaHTMH [epmaHoBMY nccnenoBaTeNbCKUm transparency change after thermal treatment

yHusepcutet « MUIT»

to determine the possibility of solid solution



formation and decrease of the ohmic
contacts formation temperature

MockoBcKkuit dusmnko-
TexHuyeckuin UHcTUTYT

Effect of the electrostatic focusing lens

Matapawsn . .
3-19 AHTOH Hukonaeswny (HaumoHanbHbIN voltage on structures size
m
NccnepoBaTenbckuii in 3D printing by charged Au nanoparticles.
YHuBepcuTeT)
CaHkT-NeTtepbyprckuin
NONINTEXHNYECKUIA A 100 MHZ signal conversion device with low
3-20 [onos AnekcaHap AnekcaHApoBMY .
yHuBepcuTeT MeTpa phase noise
Benukoro
Subterahertz circularly polarized 1k-pixel
3-21 Pasakosa AHUTa AHBapoOBHa mnry . L
reflective surface for 6G applications
MoCKOBCKMI
. Polyethylene-on-quartz platform for
Meparornyeckui . .
3-22 PokKkoBa MonnHa BaanmoBHa . subterahertz reconfigurable reflective
[ocypapcTBEHHbIN
surfaces
YHusepcutet
. PTY MUP3A/ MOTH, Surface roughness modeling for extremely
3-24 Cegnos ApTEM MasnoBu4 . o
dustex high frequency applications
MoCKoBCKMI
Cenusepcto . negarormyeckuni Transmittance of TE and TM radiation modes
3-25 Cepren Banepbesuy . . . . . .
B rocyapCTBeHHbIN in a dielectric THz integrated waveguide
yHuUBEpCUTET
HauuoHanbHbIN )
. Research of the dependence of the clamping
TpakTnpLm nccnenoBaTeNbCKui . .
3-27 Buktop Cepreesuny force of a silicon wafer by ESC on the holding
KOB yHuBepcutet « MUIT»/AO i
ime
«HMNM «3CTO»
CaHkT-TNeTepbyprckui
rocyZapCTBEHHbIN . . .
Increasing frequency stability of atomic
. yHUBEpCUTET .
3-28 LUaBwwuH ApTém Bnagummposuy . frequency standards by organizing a group
TeNEeKOMMYHMKaLMUI nUm.
frequency standard
npod. M. A. BoHu-
Bpyesunua
AD GTUAH um. K.A. A fast and strong microactuator powered by
3-29 LWhnenakos [lasen Cepreesuny . .
Banunesa PAH explosion of a hydrogen-oxygen mixture
HauuoHanbHbIN
nccnenoBaTenbCKui Electroconductive properties of Pt/(100) B-
3-30 fAKosnes HukunTa Hukonaeswny TOMCKUI Ga203 Schottky barrier diode based on
rocyaapcTBeHHbIM Czochralski grown crystal
yHUBepcUTeT
All-electronic memristor based on charge
Mahmoodp . . . . . .
3-31 Abolfazl - ITMO university carrier confinement in bulk semiconductor of
oor
metal-semiconductor-metal structure
. . . Bryansk State Technical Radiation behaviour study of linear voltage
3-32 Pilipenko Kirill Sergeevich . .
University regulator
. Method for increasing of the voltage
. . . Bryansk State Technical L
3-33 Pilipenko Kirill Sergeevich . . regulator radiation hardness
University
CaHkT-MNeTepbyprckui
PoYP . Voltage controlled generator for
3-34 AdaHacbes Hukuta CepreeBuy NOJINTEXHUYECKMNA

yHusepcuteT MeTpa

multifunctional radar station



Benukoro

Technological aspects of island thin films

3-35 Cupoposa CsBetnaHa BnagumuposHa MITY um. H.3. baymaHa . .

usage in sensors for various purposes

Technological aspects of increasing capacitor
3-36 Cupoposa CBeTnaHa BnagumuposHa MITY um. H.3. baymaHa .

capacitance method

. Development of an excitation signal
CN6IYT, AO "ObyxoBcKuin . o

3-37 Banos AHTOH MeTtposuny generation system for a rubidium frequency

3ason"

standard

4. Lasers, solar cells and other optoelectronic devices
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Superconducting Single Photon Detector

4-1 AHppees Bnagucnas Cepreesuy HWY BLW3/MNTY with multimode fiber coupling for PLIM\FLIM
applications
Millifluidic polyol synthesis of Ag nanowires
4-2 [onos Makcum AHpapeeBuny M®TU and microplotter printing of transparent
conductive films
Relative intensity noise of 89X nm-range
4-3 bobpos Mwuxann AnekcaHgposudy  OTU um A.®.Nodde single-mode vertical-cavity surface-emitting
lasers
. . Influence of optical feedback on a signal of a
4-4 bontaHckun  Matsen BayecnasoBuy «Qrate» .
semiconductor laser
CNB6AY PAH nm. X.WN. Gallium phosphide/black silicon
4-5 BayecnasoBa EkaTepuHa AnekcaHApPOBHA . .
Andeposa heterojunction solar cells
YHusepcutetr UTMO / o
Lateral mod modification of Fabry-Perot
4-6 [puropeHko  WUnba HwnKonaesunu OTU nm. A.®. Nodode . .
semiconductor laser by focused ion beam
PAH
Andeposckoi S .
Optimization of Mid-Infrared Quantum
4-7 [awkKos AnekcaHgp Cepreesuy yHuBepcutet, CN6MITY
Cascade Detectors
"N3TN"
M®TUN (MocKoBCKuiA . .
. . Security of BB84-like protocol on coherent
4-8 [epnkos EsreHnin AHapeeBny OUBNKO-TEXHUYECKUI . . . .
states with different intensities
WNHCTUTYT)
. Polarization extinction ratio conversion due
. . HWY BLL3 / KyCnaiic o . . .
4-9 [ynavHckuid  Anekcei Banepbesuny to pointing system impact in satellite
TexHonornm o
quantum key distribution
CaHkT-MeTepbyprckuit
NOINTEXHUYECKUI . o . .
4-10 [AsH K0aHbbao - Photovoltaic potential in the Subarctic region
yHuBepcuTeT MeTpa
Benukoro
oryn "PeAau-BHUNTO .
. Heterostructure design features for 975 nm
4-11 Epuwos EsreHuin Bacnnbesuy MM. akagemuka E.N. . .
high-power laser diodes.
3ababaxmHa"
YHusepcutet U TMO .
3D laser cleaning as a novel approach to
4-12 Hypba JaHuna Bnagmmuposudy  (acnupaHT)/ YHuBepcutet .
artworks conservation
"NIDTU" (MHXKeHep)
Cneraty "N3tn" um. Competing processes affecting the properties
4-13 MWBaHoB AHTOH EBreHbeBuy

B.WN. YnbaHoBa (/leHnHa)

of nitride MQWs of LEDs



/ HTL,

MMUKPO3INEKTPOHUKK PAH

Development of Semitransparent Perovskite

4-14 WVBaHoB Bnagumup Cepreesny YHusepcutetr U TMO Solar Cells with double electron transport
layer and modified top electrode
®ryn «PeAL — BHUUTP  Fast axis collimation lens misalignment
4-15 WrHaTbes AHpper Hukonaeswmy um. akagem. E.N. influence on the fiber coupling efficiency of
3ababaxmHa» high-power laser diode module
Modeling the broadband measuring source
4-16 MWcynos AnekcaHgp Wnbny cneryt . . . . .
using the optical fiber nonlinear properties
CaHkT-MeTepbyprckuit
HaUMOHaNbHbIN
. nccnenoBaTeNbCKUm Suppressed phase segregation in CsPbBr2|
4-17 KeHecbait PamasaH - N
AKagemMnyeckni based PeLEC
yHMBepcuTeT Poccninckom
aKagemumn Hayk
CaHkT-MeTepbyprckuit
MonntTexHn4ecknin Numerical optimization of semiconductor
4-18 KoctpomuH Hukuta AHpapeeBuy .
YHuepcuteT MNeTpa waveguide structures
Benukoro
"Quantum state preparation with optical
4-19 Kyppawos Uropb CepreeBuny M®TU/QRATE o ) . .
injection: Issue of intersymbol interference
. . N Investigation of microfluidic topology
4-20 JlaBpuHeHKO Banepui ButanbeBny cneraTy "Natn - i
formation with the use of IR pulse laser
Research and development of terahertz
4-21 Jlobyak AHactacMa HwukonaesHa HWY BLUS MUSM photodetectors based on graphene
integrated on a dielectric waveguide
Antisolvent modification by carbon nanodots
4-22 OropogHukos Erop YHusepcutet UTMO to enhance the performance of FACsPbI3
solar cells
N N A study of laser cleaning of paper with fat-
4-23 Heenosa AHrenvHa [OmuTtpueBHa Cneraty "Natm . L
containing contaminations
CN6AY PAH um. XK.W. Nano-sized red LEDs based on GaPNAs
4-24 HoswuKoBa KpuctnHa  HukonaesHa . . .
Andeposa; nanowires synthesized on silicon substrate
CaHkT-MeTepbyprckuit
rocyaapcTBeHHbIN
3/1eKTPOTEXHUYECKUNIA Studying the color characteristics of painting
4-25 TnpoHUH Onbra AnekceeBHa . .
yHuBepcuTeT «J1I3TU» materials using spectrophotometry
um. B.N. YnbaHosa
(NleHmnnHa)
CeBepHbli . .
. Development of an experimental device for
. (ApKTnueckuit) . . .
4-26 [MMopoiinos Uropb OneroBuy . measuring the internal stresses of single
depepanbHbIi .
crystal diamond plates
yHUBEpPCUTET
CaHkT-MeTepbyprckuit
rocyaapCcTBeHHbIN
. YyHUBEpCUTET Experimental study of the broadband optical
4-27 To3gHAKoB ApTéM AHApeeBny . . . e .
TeneKoMMyHUMKaunii um. source with hybrid amplification
npod. M.A. BoHY-
Bpyesunua
4-28 [binaes Bagum EBreHbeBuny CO6ryT um. npod. M. A.  IKcnepumeHTa/ibHOE UccaeaoBaHue



BoHu-bpyesunua

MCNonb30BaHNA B CUCTEMAX MOHUTOPUHTa
ONTUYECKUX Kabesiell C BOJIOKHaMu Pa3HbIX
TMnoB

Calibration of the parameters of the

4-29 PypasuH HukunTa Bnagumuposuy  HUY BLUS polarization controller for polarization
control algorithms
Study of the Influence of the Surface Density
4-30 PronuHa AHHa CepreeBHa HWY BLIS of In(Ga)As/GaAs Quantum Dots on the
Microdisk Laser Characteristics
. . Development of a device for automated
HOXKHbI dpepepanbHbIn . .
4-31 CaeHko AnekcaHap BukTOpoBMY measurement photovoltaic characteristics of
yHUBEpCUTET
solar cells
Hukeropoackmm o
. InGaAs metamorphic diode for 1550 nm
rocyapCTBEHHbIN
4-32 Camapues Unba Bnagmmuposuy wavelength grown on GaAs substrate by
yHusepcutet um. H.U.
MOCVD
JNobayesckoro
AndepoBckuit GaN based ultraviolet narrowband
4-33 CuHMUKan Onecsa AnekceeBHa
yHuBEpCUTET photodetectors
. Identification of unreadable marginalia by
CaHkT-MeTepbyprckuit . .
. means of hyperspectral imaging: case study
. FocyfapcTBeHHbIN . .
4-34 Cokonos HukunTa Mwuxainnosuy . ofthe Ostrog Bible from the Library of the
DNEeKTPOTEXHUYECKUUIA X .
.\ Y Academy of Sciences and the Russian
YHusepcutet "J1I9TU . .
National Library
PU3nNYECKUI UHCTUTYT Combining compressed sampling and neural
4-35 CbM JdeHunc Bacunbesuny . L .
um. MN.H. Nlebegesa, PAH networks for single-pixel imaging
. . N N Surfaces modifications in functional layers
4-36 ToMKKa AHapen CepreeBuy Cneraty "natun L .
for Liquid Crystal devices
AKagemMnyeckni . " .
. . Red light emitting diode based on CsPbBr2l|
4-37 ToOMKKa AHapen CepreeBuy yHusepcutet um. K.N. .
perovskite
Andeposa
HaumoHanbHbIN
! . Stability of photovoltaic performance of solar
. UccnepoBaTenbckui . . .
4-38 TonKau HukuTa Mwuxainosuy cells sensitized with dye based on thieno[3,2-
yHuBepcutet « MU3T», . —
blindole / 2,2'-bithiophene
Mocksa, 3eneHorpag
YNbAHOBCKUI puanan
MHcTuTyTa
PaANOTEXHUKU U Threshold current of separate spectral
4-39 ®ponos Nnbs BnagumumpoBuMy  3NEKTPOHUKU UM. components of the emission spectrum of
B.A.KoTenbHuKoBa InGaN LEDs
Poccuiickoit akagemumn
HayK
HauuoHanbHbIN
nccnenoBaTeNnbCKuii Influence of the Substrate Type on the
4-40 LUbimbanos AnekcaHap BsuecnaBoBMd  TOMCKUI Photoelectric Characteristics of Ga203/GaAs
rocyfapCTBEHHbIN Structures
yHMBEpCUTET
MNHCTUTYT aBTOMATUKKN U
npoL,eccoB ynpasaeHusa . .
. Mg2Si contact layer for narrowband Si
4-41 “epHes Uropb Mwuxannosuy JanbHeBOCTOYHOrO

oTaeneHua Poccuinckom
aKagemunmn Hayk

detector with 1045 nm peak photoresponse



CankT-lMeTepbyprckuii
rocyapCTBEHHbIN
. yHUBepcUuTeT
4-42 LWaswuH ApTém Bnagnmmposuud .
TEIEKOMMYHUKALNIA NM.
npod. M. A. BoHu-

Bbpyesunua

Development of a space debris recognition
system based on artificial intelligence

CneéraTy "natun" nm.

Influence of light incidence angle on silicon

4-43  ApuyK JpHCT AHOBUY solar cells performance with different
B.WN. YnbaHoBa (/leHnHa) .
texturing
Ground receiving station with
. superconducting single photon detector in
4-44 Mep3nuHKnUH Butanum EBreHbeBuy HUTY MUCunC o .
the laser communication system with the
satellite «Impulse-1»
CaHkT-MNeTepbyprckuin
. NONUTEXHUYECKMI J1a3epHblit 1IOKaTop AN NOABOLHOMO
4-45 Mblicb Omutpnin  AnekcaHgposuy

yHuBepcuTeT lNeTpa
Benukoro

obHapyKeHua 06bEKTOB

5. Crystal growth and structural properties of semiconductor

materials and nanostructures
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The quest for direct band beta iron disilicide:

5-1 banaraH CeméH AHaToNbeBMY MANY ABO PAH collaboration of theoretical and
experimental approaches
. Effect of diameter on lattice thermal
5-2 banaraH CeméH AHaTONbEBMY MANY ABO PAH

conductivity of a-FeSi2 and e-FeSi nanowires

Alferov Federal State
Budgetary Institution of
Higher Education and
Science Saint Petersburg

Influence of the doping level in the

5-3 bapaHues Oner BAyecnasosuu . absorption layer of InGaAs/InP 2.5 um
National Research . . .
. . . photodetectors on their electrical properties
Academic University of
the Russian Academy of
Sciences
. Formation of nanocones on the surface of
PU3NKO-TEXHUYECKUI . .
Pb0.4Sn0.6Te films during ion-plasma
5-4 benos Apocnas Omutpnesny MHCTUTYT meHn K.A. . . .
treatment with argon ions with an energy of
Banwesa
140 eV
Non-resonant vibrational scanning probe
5-5 bBobKkos AHTOH Anekceesuny 000 "HT MAT" microscopy techniques for studying
nanomaterials
Optically active nanocomposites based on
5-6 Edumosa ApuHa AnekcaHgposHa YHusepcuteTr NITMO

CsPbBr3 nanocrystals and chiral carbon dots



NHcTuTyT Npobnem

Study of evolution of SiC/Si hybrid structures

5-7 Bopobbes Makcum FeHHagbeBuY
P A MawwuHoBeaeHua PAH by RHEED and Owens-Wendt methods
Investigation of properties of periodic
. CMNB6AY PAH um. XK.N. . & .p P P
5-8 BrtopbirvH leoprun dayapaosuy Andé multilayer BP/Si nanoheterostructures
ndéposa
P grown by PECVD
MBE Growth of InGaN Nanowires: Influence
CM6AY PAH um. XK.N. .
5-9 [puayvH Bnagucnas Onerosuy AR of the llI/V Flux Ratio on the Structural and
ndéposa
P Optical Properties
The method of obtaining Ni and Co
. AD OTUAH um. K.A. . . .
5-10 [pywesckum Erop Anekceesuny nanowires in porous anodic alumina
Banuesa PAH .
matrices
HOXKHbI depepanbHbIn Surface and electrical properties of La-Sn02
5-11 Tynaesa MpuHa AnekcaHApOBHa o
yHUBepcUTeT thin films
Nabopatopusa Ab initio study of In adsorption on AlxGal-
5-12 [OyxaH JenHunc Omutpunesmny 3MNUTAaKCMANbHbIX XAs substrates during first stages of droplet
TexHonormi MH3M IOPY  epitaxy
. . Combined approach of patterning on Si02/Si
. . HOxHbIN DenepanbHbIN . .
5-13 EpémeHKo Mwuxaunn Mwuxaiinosuy substrate using ion beam and chemical wet
YHusepcutet .
etching
Technique for characterizing a nanocapillary
5-14 MyKos Muxaun Banepbesuny MAMN PAH probe: aperture and mechanical stability
measuring
MeH3eHCcKui Study of the electrophysical properties of
5-15 MypuHa AHrenvHa EBreHbeBHa rocyfapCTBeHHbIN BaTiO3 films formed in the process of micro-
yHuBepcuTet arc oxidation
depepanpvHoe
rocyfapcrseHHoe
aBTOHOMHOE
obpasosaTtenpHoe
yupexaeHue BbiCLLEro
. obpasoBaHus Influence of isovalent Bismuth on the
5-16 3poposenwes [OaHuun AHTOHOBMY . . ) )
«HaunoHanbHbIN properties of Gallium Arsenide
nccnenfoBaTeNbCKui
Huskeropoackui
rocyaapCcTBeHHbIM
yHuBepcuteT um. H.U.
Nobayesckoro»
®reOY BO "MeH3eHckuit  Model of the relationship between the
5-17 3MHYEHKOo Tumyp OneroBuy rocyAapcTBeHHbIN parameters of smart glasses based on
yHuBepcuTtet" fundamental physical and chemical laws
NHCTUTYT CUHTETUYECKMX
NoOAUMEPHbIX Nanoparticles based on organic donor-
5-18 MWcaesa KOnusa AneKkcaHApOBHA . .
maTepuanos nm. H.C. acceptor compounds for biomedicine
EHnkononosa PAH
The influence of chiral ligands on the optical
5-19 Kapambiwesa Coodba MNasnosHa YHusepcutet U TMO . .
properties of AgBiS2 nanocrystals
CapaToBCKUi
HaUMOHaNbHbIN . - -
. Laser-stimulated tin-induced crystallization
5-20 Kaprawosa AHactacua  MaKkcumosHa nccnenoBaTeNbCKUn

rocyapCcTBeHHbIN
yHuBepcuteT umenn H. T.

of silicon on flexible nonwoven substrates



YepHblWweBCcKoro.

Depoaition of Copper and Gold onto porous

5-21 Kum KceHnusa bopucosHa Bryut o
silicon
. . Formation of transparent memristor
HOXKHbI depepanbHbIn .
5-22 KostomeHKo KoHcTaHTMH Anekceesuy structures based on ZnO using RF magnetron
YHuBepcutet .
sputtering
®rey rHy, ®MeL, um. . .
523 K £ 1 AUE SOMEA Stokes and Anti-Stokes Luminescent Rare-
- oweBas KaTepwuHa MUTPUEBHA M. Ha3nHa
P P vp Earth-Doped Tantalum Oxide Nanoparticles
Poccum
Tomckuit .
. 1x2 and 2x1 superstructures changes during
5-24 KyKeHoB Onxac Uropesuy [ocypapcTBEHHbIN .
the growth of Ge on Si(100)
yHUBEpcUTeT
Droplet microfluidic synthesis of HKUST-1
5-25 Kynewosa AnunHa OnerosHa YHusepcutet U TMO .
metal-organic frameworks
. . Influence of annealing conditions on the
HOXKHbI depepanbHbIn .
5-26 JlaxuHa EkaTepMHa  A/leKcaHApOBHa characteristics of nanoholes formed by
yHuUBEpCUTET .
focused ion beams on the GaAs(111) surface
WNHCTUTYT OpraHnyecKol un
N3UYECKON XUMUU UM.
@ Thin-film zinc oxide as a sensitive element of
5-27 Jlebepesa dnbruHa MapaTtoBHa A.E. Apby3oBa dUL, .
. . a conductometric NO2 sensor
KasaHCKui Hay4Hbll
ueHTp PAH
AKagemunyeckmm . .
MBE growth and optical properties of InAs
5-28 JleHpawosa Bepa BagumosHa yHusepcutet um. K.N. .
. QD heterostructures on Si
Andéposa
Influence of in-situ plasma treatment during
5-29 Makcumosa AnunHa AHapeeBHa cneraty "natn" PE-ALD of GaN on growth rate and
morphology
®reOY BO "YHusepcuter Modified highly fluorescent carbon dots for
5-30 Hacupos MNasen JeHuncosuny " " . . .
[yHa immunochemical application
MHCTUTYT opraHnyeckoi n . .
. Registration of the sensor response based
dU3NYECKOM XUMUM UM. . . o
on a network of oriented nickel oxide fibers
5-31 Hwusameesa Fynua PuBaneBHa A.E. Apbysosa ®UL|, . o o
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Abstract. Photo-Thermo-Refractive (PTR) glass, a versatile material highly sought after
in today's photonics market, holds significant promise as a medium for holography,
luminescence, ion exchange, and laser applications. Its potential for crafting advanced photonics
elements and devices is noteworthy. The adoption of ion exchange technology exhibits potential
in elevating the mechanical, thermal, and optical attributes of PTR glass, enabling the fabrication
of holographic optical elements suitable for robust laser systems, such as ultra-narrow band
spectral filters and laser beam combiners. This study delves into the effects of UV exposure and
heat treatment on the refractive index profile of Na+/K+ ion-exchanged layers and the
microhardness of glass surfaces. Through varied UV dosages, alterations in refractive index
profiles and microhardness were examined. Results suggest that heightened irradiation dosage
impacts the depth of ion exchange layers, enhancing birefringence and subsequently increasing
compressive stress within the glass. This phenomenon fortifies recorded Bragg gratings, hinting
at potential advancements in the durability and functionality of optical components.

Keywords. Photo-Thermo-Refractive glass, lon-Exchange, Volume Bragg grating.
Introduction

Currently, photo-thermo-refractive glasses are a photosensitive material for recording
Bragg gratings in glass volumes [1]. The presence of NaF crystals around silver nanoparticles
leads to a decrease in the refractive index of the irradiated region of the PTR glass, which makes
it possible to write Bragg gratings [2]. At the same time, for the practical application of Bragg
gratings in glass, the presence of a hardened surface will be an advantage. It is known that glass
can be strengthened using ion exchange technology, which involves the exchange of cations at
the glass-molten salt interface. When cations with very different ion radius are exchanged,
mechanical stresses arise, anisotropy of the refractive index occurs, and, therefore, strengthening
of the material occurs [3].

Materials and methods

The primary objective is to analyze changes in the refractive index profile and
microhardness of irradiated and heat-treated PTR glasses following Na/K" Ton-Exchange.

Three samples of original PTR glasses are prepared, two of which are irradiated with a He-
Cd laser (325 nm) at doses of 1 J/cm? and 2 J/cm?. Subsequently, the irradiated samples undergo
heat treatment at 505 °C for 10 hours. All three samples are subjected to Na"/K" Ton-Exchange
at 365 °C for 5 hours. The diffusion of potassium ions into the glass surface layers results in an
increased refractive index and the formation of gradient waveguide layers. The effective
refractive index of the diffusion layers is measured using waveguide spectroscopy with a
prismatic system for inputting radiation from a helium-neon laser (A = 0.63 um) for both TE and
TM polarizations [4]. The refractive indices of waveguide modes are calculated by the inverse
Wenzel-Kramers-Brillouin method from the measured effective refractive indices [5].
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Results and discussion

The thickness of the diffusion layer is estimated based on the calculated refractive index
profiles, with the birefringence value ¢ calculated from the difference in refractive index for both
polarizations. The birefringence value was 0.0016, 0.0024, 0.0034 on the surface of the ion
exchange layer for glasses after irradiation with 0 J/cm?, 1 J/cm?, 2 J/cm? dose, respectively.
Which indicates that the increase in the irradiating dose affects the depth of the ion exchange
layer which leads to an increase in compressive stress in the glass, thereby strengthening the
recorded Bragg grating in the future.

Conclusion

This research contributes valuable insights into the optimization of PTR glass for
advanced optical applications.
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Abstract. To monitor the technical condition and dimensional parameters of railway tunnels,
technical solutions are used based on well-known diagnostic methods and techniques: laser
scanning and photogrammetry, accelerometers, acoustic emission, magnetic sensors, strain
gauges, inclinometers. However, these approaches do not fully meet the requirements for
inexpensive, stable, long-term and high-precision monitoring of the performance of modern
railway infrastructure. In addition, every year in the area where the railway track is located and
when trains move directly, the amount of interference of various kinds increases. This has an
extremely negative impact on various control and monitoring equipment, especially if they operate
on radio engineering principles. The electromagnetic compatibility of the equipment is disrupted,
which leads to malfunctions.

Currently, a variety of track circuits are used as sensors, the main disadvantages of which
are the high consumption of copper cable, as well as the need to operate in large volume modes.
Defects in the cable network in such a train control system cause a large number of failures.
Moreover, when train speeds exceed 200 km/h, especially when they move in the opposite
direction on parallel tracks, some schemes begin to work incorrectly. The noted problems require
a new approach to solving these problems, especially on congested railway junctions. The
development of new control systems based on fiber-optic communication lines is the most
promising option for solving this problem for the Russian Federation, which has the longest
railway network.

Keywords: Fiber-optic communication line, remote control, rolling stock, train traffic
safety, capacity, artificial intelligence.

Introduction

Fiber-optic communication lines have been laid in the area where the railway tracks are
located. These lines in the classic version are resistant to various types of interference along their
entire length. One cable can accommodate more than 1,500 channels with unidirectional
transmission over single-mode fiber. In this case, stable transmission of information will be
ensured over distances of up to 300 km with a laser radiation power of 7-8 mW. It is proposed to
place fiber optic sensors along the entire line (one for each channel). This will make it possible to
obtain information about changes in the nature of the train’s movement due to emerging defects,
determine its position at a distance, etc [1].

Materials and Methods

At the moment, the error in the results of the algorithm for measuring the exact length of the
train at control points is 94 cases, which is 17 % of the cases of the total number of trains passed.
These cases are observed mainly when calculating the length of trains with more than 30 cars or
at a very low train departure speed. Train tracking accuracy is 2-20 m.

The developed system, unlike the previous ones, does not require track circuits (Fig. 1). At
the same time, the system can monitor the integrity of rail threads, identify certain track defects,
count the number of rolling stock axles, recognize the slightest movements of various objects along
the track and, in general, allows one to abandon a significant number of floor-mounted devices
currently used [2].

Results and Discussion

The OTDR uses a fiber optic link as the sensing medium to provide real-time monitoring of

critical connections between data centers. Thanks to a range of up to 100 km and a distance



between sensors of 2 m, the reflectometer can receive information about changes in the nature of
train movement as a result of emerging defects, as well as determine its position at a distance.

Monitoring of railway crossings, monitoring of energy cables, detection of natural hazards,
broken overhead contact line, detection of rail defects, detection of wheel defects, detection of
unauthorized entry and theft, fire detection in tunnels and stations, warning of track workers - all
these are opportunities for expanding the functionality of the system.

The ability to detect periodic impacts moving along the tracks at train speed is a clear
indication that these impacts are caused by wheel defects. Additionally, by analyzing data at a
specific location, we can see both the frequency and signal level associated with each impact,
allowing us to classify the severity of a wheel defect [3].
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Fig. 1. Schematic structure of the FOS system with glass fiber as a sensing element.

On average, one monitoring site of approximately 80 km transmits 4 terabytes (TB) of data
per day. To address the problem of increasing data volumes, a number of machine learning
techniques are proposed, increasing the benefits of improved data accuracy and reducing the time
to commission new devices. In addition to supervised machine learning techniques, another
priority is the use of adaptive classification algorithms, which use target search techniques to
dynamically and continuously adjust each channel along the fiber according to estimates of
background noise levels. This makes it possible to capture data around the clock every day.

Conclusion

The article will use a new method for constructing a fiber-optic system control system to
monitor the movement of trains, as well as the condition of the transport route and rolling stock.
This new method and technologies for its implementation are being developed taking into account
the high length of railways in the Russian Federation, as well as the need to increase train speeds
to reduce costs for the delivery of various goods.

In addition, the new fiber-optic system will increase the set of data on train movement and
others by at least an order of magnitude. For this reason, problems arise in the form of efficient
processing and classification of large volumes of data of interest.

The artificial intelligence system can process massive amounts of real-time data from across
the country and can alert maintenance crews to abnormal situations within 40 minutes with
95 percent accuracy.
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Abstract. The single-pixel camera provides a prospective tool for imaging beyond
conventional pixel-matrix-based devices. In recent years, neural networks have become a part of
single-pixel imaging as a method to computationally restore an image from intensity
measurements. Generative adversarial networks (GAN) are particularly well suited to the task,
but the most optimal architecture of such networks is unknown. Here we provide a comparison
between two popular architectures of generative adversarial networks in the context of single-
pixel imaging. We demonstrate that a least squares network acquires a slightly better quality of
image restoration than a deep convolution network.

Keywords: Single pixel imaging, neural networks, image restoration.
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Introduction

Single-pixel imaging emerged as a result of the mathematical development of approaches
to image restoration [1]. The central problem of single-pixel imaging is the computational
generation of an image from intensity measurements acquired via measuring a camera with a
single light detector. These intensity data combined with specific light patterns — masks,
responsible for spatial modulation of light, illuminating the object — allow the generation of an
object image. While in theory an almost perfect image of an object can be generated (provided
enough intensity measurements), in practice device imperfections and limited intensity data
make the problem of image generation complicated. In the last years, a conventional method for
image generation [1] was challenged via the use of neural networks [2] and in particular,
generative adversarial networks [3]. However, the optimal type of network to solve a problem is
unknown. Here we provide a comparison of image restoration for two common architectures of
generative adversarial networks.

Materials and Methods
We train two generative adversarial networks — a least squares GAN [4] and a deep
convolution GAN [5] — on simulated intensity measurements of the MNIST dataset, processed
with a single-pixel camera. We calculate two efficiency metrics — a peak signal-to-noise ratio
(PSNR) and a structural similarity index measure (SSIM) for images restored from a hold-out
test dataset for two trained neural networks.

Results and Discussion

We provide the results of our simulations in Fig. 1. Here, we demonstrate the dependency
of PSNR and SSIM on the sampling rate — a ratio between a number of spatial patterns M, used
to modulate the light, and the number of pixels N in the restored image. The sampling rate
characterizes the time required to gather intensity data, and the value of the sampling rate
influences the quality of the computationally generated image. The desiderata of single-pixel
imaging algorithms is to make the sampling rate as low as possible (to work in regime M << N).
From Fig. 1, we can see that, for chosen sampling rates, a trained least squares generative
adversarial network provides better image restoration quality than a deep convolution generative
adversarial network. We conclude that, in ideal devices or in the regime of negligible device
noises, a least squares generative adversarial network can be a better choice for single-pixel
imaging.
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Fig. 1. Dependencies of SSIM (left) and PSNR (right) on sampling date. LSGAN stands for least squares
generative adversarial network and DCGAN stands for deep convolution generative adversarial network.

Conclusion
In this work, we compared the efficiencies of two types of generative adversarial networks
in the problem of image restoration in single-pixel imaging. We found that least squares
generative adversarial networks provide a better quality of restored images than deep
convolution generative adversarial networks for various sampling rates. Our work is aimed at
advancing the development of computational tools for single-pixel imaging.
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Abstract. Here we study luminescence blinking of single nanocrystals CstBr3 by time

correlated single photon counting. The technique for separation of the different blinking mecha
nisms based on the analysis of exciton and biexciton recombination rates and second-order
cross-correlation function is used. The transition due to photoinduced degradation process from
only trapping blinking mechanism to a mixed type (charging and trapping) was discovered.

Key words: semiconductor nanocrystals, perovskites, luminescence blinking.

Introduction
Perovskite nanocrystals show great potential in a range of applications due to their unique
optical and electrical properties. However, perovskite nanocrystals have limitations because of
low stability with its sensitivity to ambient parameters. At single perovskite nanocrystals two un-
desirable effects can be observed [1]: photodegradation and luminescence blinking. The first
manifest itself as slow wavelength blue-shift due to size change [2], the second is a stochastic
evolution of luminescence intensity. Currently, there are two main models describing the blink-
ing in nanosized semiconductor crystals: based on the trapping [3] and charging mechanisms [4].
Meanwhile, the photodegradation process provides a unique opportunity to study the evolution
of single nanocrystal (NC) photophysical properties under continuous change of its size. In par-

ticular, evolution of blinking luminescence can be studied.

Materials and Methods
Investigations with single NC (luminescence peak at ~518 nm, with sizes from 25-29
nm) were done by using a unique luminescence microscope-spectrometer, allowing to analyze
signals from single emitters in the single-photon counting mode. Nanocrystals were excited at a
wavelength of 400 nm by a pulsed laser source. Blinking dynamics, the second-order cross-
correlation function gZ(t) (antibunching g2(0)), and luminescence lifetime (exciton t*a and
biexciton T **q) were measured with two single photon detectors in a Hanbury-Brown and Twiss
scheme. The ratio of radiative recombination rates of exciton to biexciton states krx/k’x for the
different emitter states in the blinking process (bright, dim) and for different time moments of the
photoinduced degradation process were used to determine the dominant blinking mechanism in a
particular NC [5].
Results and Discussion
Decrease in the effective size due to photodegradation result in decrease in luminescence
intensity (see fig 1a.) and shift of luminescence spectra to the blue region (fig. 1b) [2]. At the
beginning of the measurement (when the crystal is large ~25 nm and photoinduced degradation
neglected) the blinking luminescence caused only by trapping mechanism (fig.1c). It is due to
Auger processes are weak and not able to quench luminescence in trion (charged state of
nanocrystal). The ratio is kixx/k'x =4.1. The decrease in the effective size of the nanocrystal



during photodegradation leads to increasing of Auger processes rates, and, consequently, to
possibility of charging mechanism in blinking. For the example in Fig. 1.d the ratio kixv/k'x =
3.03, which correspond to charging blinking mechanism.
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Fig 1. a) Fluorescence track CsPbBr3; nanocrystal. Power density of excitation radiation is 0.6 W/
cm2.The orange dashed line shows the general trend of luminescence intensity drop in the
photodegradation process. b) Spectra measured at different moments. The excitation power
density is 7.5 W/cm2. The exposure time for each spectrum is 60 s. Luminescence blinking
corresponding to the c¢) beginning of the measurement (Aum =518 nm) and d) the end (Aum~500
nm) of measurement.
Conclusion

The photodegradation in single CsPbBr3; perovskite crystals is studied by luminescence
microscopy and time-correlated single photon counting. The dynamics of luminescence blinking
under quasi-continuous nanocrystal size change is discussed. Method based on the estimation of
the ratio of the radiative recombination rates of the biexiton and exciton kxx ;/kx to determine the
mechanisms of luminescence blinking was used. Transition from a single trap blinking mecha-
nism to a charge mechanism occurrence during photodegradation is observed. It was associated
with the increasing role of Auger processes in the reduction of the nanocrystal size.
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Abstract. In this work GaAs/AlGaAs semiconductor with quantum dots (QDs) was studied
using its photoluminescence (PL) spectroscopy. Such pair of materials was used due to the close
values of lattice constant of barrier and dot materials, which leads to low level of strain inside the
sample. Growth of the heterostructure is carried out by the droplet epitaxy — this method gives
possibility to control various parameters of sample: density of quantum dots (QD), volume of the
dot. The PL spectrum of the sample containing such QDs exhibits several emission bands
associated with different quantization regions within the semiconductor. In other works, a
hypothesis was proposed that the observed emission bands are related to QDs inside the nanohole
and smaller quantum-sized objects, formed at the boundary of the nanohole. This assumption can
be verified by a detailed examination of the micro-PL spectrum of the sample. For achieving most
full information about samples, several experiments have been carried out: single QD PL and
microPL (uPL) measurements, uPL depending on coordinates on sample and PL depending on
temperature of sample. Analysis of spatial dependency of PL spectra was used to distinguish
signals origin from different quantum-sized structures.

Keywords: quantum dots, quantum wells, photoluminescence, semiconductors,
GaAs/AlGaAs, quantum heterostructures.
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Introduction

Studying structures based on GaAs/AlGaAs is of interest because the lattice constant values
of the material of the dot and its barrier are similar, leading to low internal stress in the sample.
Low-temperature PL spectra contains several resonances related to different quantum-sized
structures. In the magneto-PL study [1] a hypothesis was proposed that the observed emission
bands are related to nanohole-filled droplet epitaxy (NFDE) QDs, and an additional QD formed at
the boundary of the nanoholes. The main aim of our work was to determine which part of the
sample structure corresponds to certain parts of the spectrum, as well as how these objects are
interacting in the semiconductor, and in particular, check the assumption from work [1].

Materials and Methods

A sample T874 containing sparsely located dots was grown according to recipe described in
[1]. The sample was grown using the NFDE method in our laboratory, which allows for control of
the growth process, resulting in samples with precisely defined parameters. To obtain PL spectra,
a green laser at 532 nm was focused on the sample by the 10x microlens, and for study of uPL
spectra 50x microlens was used. The temperature was maintained at 4 K using a closed-cycle
helium cryostat Montana. A spectrometer equipped with a CCD-camera was used to obtain
spectra. The micrometre stage moved by the stepper motor was used to record the spatial
dependency of the PL spectra with micrometre resolution.

Results and Discussion

After conducting all the experiments, it can be said which peaks belong to which structure
on the photoluminescence graph of sample T874 (Fig. 1, a).

The PL emission spectrum revealed the following bands (from lower energy to higher):
emission from carbon contamination in GaAs:C (E = 1,493 eV), emission from the three-
dimensional GaAs layer (E = 1,515 eV), bands related to QDs A (E =1,56 eV), QDs B1 (E=1,61
eV), and QDs B2 (E = 1,65 eV), heavy-hole excitons in the quantum well (QW) (E = 1,700 eV),
and emission from recombining excitons in the three-dimensional Alo3sGaos2As layer (E = 1,98



eV). The emission bands of all three QDs consist of individual peaks, as observed in the micro-PL
spectrum analysis of the sample.
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Fig. 1. PL emission spectrum of GaAs/AlGaAs semiconductor with NFDE QDs, T = 4 K, laser 532 nm,
10x microlense (a); PL band from recombining excitons in the three-dimensional Alg3sGao.s2As layer (b);
uPL emission spectrum of single QD, T =4 K, laser 532 nm, 50x microlense (c)

After scanning the sample along the x-axis crystal direction with a laser spot (diameter 1
um), the spatial derivative for the micro-PL map was calculated, showing that the emission from
the three QD ensembles is anticorrelated with the emission from the QW, while each of the QD
ensembles correlates with the other two ensembles.

Conclusion
As a result, the nature of the PL emission bands in the GaAs/AlGaAs semiconductor with
QDs was determined. The analysis conducted indicated a region of separation between the QW
and QDs, resulting in an anticorrelation of emission from these nanostructures. The lowest energy
emitting QDs A were identified as filled with GaAs nanoholes. QDs B1 and QDs B2 are smaller
guantum-sized structures inside or at the boundary of the nanohole.
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Abstract. The paper investigates a new approach for the development of graphene-based
terahertz bolometers using the noise thermometry method. Graphene, due to its record low electron
heat capacity and weak electron-phonon coupling at low temperatures, is considered as a
promising material for creating terahertz bolometers on hot electrons. The main obstacle to the
development of such devices is the weak dependence of graphene resistance on temperature. Here
we are trying to solve this problem by directly measuring the electron temperature in graphene
using noise thermometry. Our first data demonstrate a strong heating of the graphene electronic
system under the influence of direct current (up to 10 K at a current of 500 nA). An analysis of the
results shows that the internal electrical sensitivity of the devices under study is 100,000 V/W,
which allows them to be considered as the basis for creating sensitive terahertz detectors.

Keywords: graphene, THz detectors, bolometers, noise thermometry.
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Introduction

Currently, the terahertz (THz) range of the electromagnetic spectrum is of great interest due
to a wide range of potential applications: medical diagnostics, non-destructive testing, security
systems and data transmission [1]. These and many other applications require fast and sensitive
THz detectors that can be easily combined into matrices. In this paper, we explore a new approach
to the creation of graphene-based terahertz bolometers using the noise thermometry method [2].
Graphene is a unique material for recording radiation in the terahertz range due to its record-low
electron heat capacity and weak electron-phonon coupling. This leads to a strong heating of the
graphene electronic system under the action of terahertz radiation. The main problem in the
implementation of graphene terahertz detectors arises from the weak dependence of graphene
resistance on temperature [3]. In this paper, we try to solve this problem by measuring the spectral
noise density in graphene devices [2]. The measured thermal noise directly depends on the
temperature of the electrons in graphene and can be used as a detector signal, as well as a probe
for measuring the electronic temperature when heated by terahertz radiation. Our first
experimental data demonstrate the possibility of detecting sub-terahertz radiation by this method
in a wide temperature range from 3.5 K to 300 K. The obtained data can be used to optimize
existing graphene terahertz detectors and develop new ones.

Results and Discussion
Our samples are field-effect transistor devices in which graphene serves as a conduction
channel. There is also a gate electrode that controls the concentration of charge carriers in the
device. We have manufactured two types of devices: those based on graphene synthesized using
chemical vapor deposition (CVD), which is the most industrially viable method for producing
graphene, and those based on split graphene encapsulated in hBN, a method for obtaining the
highest-quality graphene.



The transport properties of the manufactured devices were characterized. The field mobility
of the CVD graphene-based device was 1500 cm?V-!s™!, which is typical for graphene on a Si02
substrate. According to the data obtained, it can be said that the devices are manufactured on high-
quality CVD graphene. The field mobility estimates for devices based on encapsulated graphene,
obtained from the dependence of the resistance of manufactured structures on the concentration of
charge carriers, gives from 10000 cm?V-!s'! at 300 K to 100,000 cm?V-!'s! at 4.2 K, which
corresponds to the best graphene samples known from the literature.

The temperature of the electronic system of graphene encapsulated in boron nitride was
measured depending on the concentration of charge carriers and scattered power. For this purpose,
the method of noise thermometry was used -precision measurement of current/voltage fluctuations
through a sample in the white noise region. Assuming that the main source of noise in the system
is the thermal noise of the sample or calibration load, it is possible to calibrate the circuit based on
theoretical predictions of the Nyquist noise spectral density and determine the electronic
temperature of the sample. The measurements were carried out in a closed-cycle cryostat cooled
to 4.2 K. A detailed description of the experimental technique is presented in [4].

Based on measurements of the dependence of the differential resistance and spectral density
of noise on the current through the sample, the dependence of the temperature of the graphene
electron gas on the value of the transmitted current was determined.

The obtained data demonstrate that at a low concentration of charge carriers, electrons heat
up sharply with an increase in the modulus of the transmitted current. According to the results of
the experiment, the maximum temperature of the electron gas was about 18 K with a current
strength of 30 pA. It can be seen that at a low concentration of charge carriers, the electrons heat
up asymmetrically, the reason for this is also the differences in the materials of the contacts.

Conclusion
The electronic temperature was measured in graphene samples encapsulated in boron nitride
at a cryostat temperature of 4.2 K. An analysis of the results shows that the internal electrical
sensitivity of the devices under study is 100,000 V/W, which allows them to be considered as the
basis for creating sensitive terahertz detectors.
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Abstract. Comparative studies of diffusivity provide a cross-check of fluorescence recovery
after photobleaching and holographic grating relaxation techniques and prove their applicability
to revealing photoinduced changes in diffusivity. The two optical techniques utilizing the
implementation and monitoring of photoinduced spatial heterogeneity in an object of study are
shown to be capable of providing information on the properties of both intact and
phototransformed species.
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Introduction
Multiple applications of nanophotonics, sensorics, and biomedicine provide a tremendously
increasing demand for knowledge on various sophisticated properties of luminescent nanoparticles
and nanostructures. The information about sizes of luminescent nanoparticles, their distribution,
changes under the influence of light and other factors is of considerable interest, along with
spectral characteristics.

Materials and Methods

We apply two approaches to study diffusion, using imprinting a photoinduced optical
inhomogeneity in an object and monitoring its evolution caused by diffusion. One of the
approaches consists in exposing a narrow strip of a sample with a focused laser beam, tracking the
subsequent change in the spatial distribution of luminescence intensity in its transverse direction
and extracting the diffusion coefficient, and then the particle size from the rate of change in its
width [1]. The technique was implemented using the LSM 710 confocal laser scanning microscope
(Carl Zeiss).

Another technique, referred to as the holographic grating relaxation method [2], involves
exposing an object with an interference field and observing the diffraction of light on the resulting
optical grating, the efficiency of which varies due to a decrease in concentration modulation, hence
the refractive index, caused mainly by diffusion. The diffusion coefficient is determined from the
dependence of the grating relaxation rate on the spatial period.

Results and Discussion
We have found that instead of the usual Gaussian luminescence intensity profile, in some
experiments using the florescence recovery technique its shape appears more complicated (as in
Fig. 1), which can supposedly be interpreted as a manifestation of the diffusion of two forms of
particles, by analogy with the complementary grating effect in holographic grating relaxation
technique.
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Fig. 1. Exemplary sequence of transversal fluorescence intensity profiles recorded in 3 to 4000 seconds
after exposure, whose evolution is due to diffusion of initial and phototransformed molecules

To verify this assumption, a comparative study of camphoroquinone molecular diffusion in
a viscous low molecular weight melt was fulfilled using the luminescence recovery and the
holographic grating relaxation techniques. The nonmonotonic kinetics of grating relaxation with
two characteristic times has encouraged us to consider the diffusion of two species. The
coincidence, within the error bars, of the diffusion data obtained by the two methods confirms the
new possibilities of the luminescence method in the study of phototransformations and allows us
to interpret the unusual patterns of luminescence as evidencing for the changes in hydrodynamic
sizes.

Conclusion

The method of fluorescence recovery after photobleaching, based on monitoring of changes
in the photoinduced spatial inhomogeneity of luminescence, provides valuable information about
the optical and diffusion properties of both the initial and phototransformed species, similar to the
holographic relaxation; a comparative diffusivity study by these two techniques proves the
agreement between them.
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Abstract. The design of the sensor device — a solution concentration sensor on the polymer
optical fiber (POF) is proposed. The results of an experimental study of this sensor device for
determining the concentration of an alcohol-containing solution in the range from 0 to 96% are
presented. The linearity of the sensor response, determined by the level of excess loss, from the
refractive index of the solution, has been empirically confirmed. Using the light emitting diodes
(LEDs) with wavelengths 430, 525 and 630 nm, the possibility of the spectral multiplexing of
such sensors into the single system is shown.

Keywords: POF, polymer optic fiber, WDM, wavelength-division multiplexing, optical
fiber, sensor, bend, loss.

Introduction

Recently, there has been an increased interest in monitoring environmental safety. Fiber-
optic sensor systems can occupy an important place in this segment. Their advantages are the
possibility of remote monitoring. If necessary, the power supply and processing of the received
information can be removed from the observation point at a great distance.

Systems based on polymer fiber attract attention by the availability of the components
included in their composition, ease of maintenance, and low cost in the case of mass production.

One of the potentially applicable sensors is U-shaped sensor.

Results and Discussion
The experimental study was carried out using a polymer fiber of class Ada in accordance
with GOST R IEC 60793-2-40.
The block diagram of the measuring unit is shown in Fig. 1.
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Fig. 1. Scheme of the experimental setup: 1 — LED with wavelengths of 430, 525 or 630 nm, 2 —
POF, 3 — U-shaped sensor element, 4 — the tested liquid solution, 5 — Optocon OFT-820-POF
power meter.

Signal from LEDs (1) at wavelengths of 430, 525 or 630 nm was alternately injected into a
50 m long main POF (2) coupled to the sensor. The sensor element (3) was immersed in liquid
solutions (4) with different concentrations of the controlled substance, with different values of
refractive indices. Optocon OFT-820-POF was used as the power meter. The reference value P,

1



was taken as the power at the output of the sensor immersed in distilled water. The measurement
result Aa was taken as the reference value of the optical output power level Ps when the sensor
element was immersed in testing solution. The dependences of the increment of the insertion loss

Ao from the value of the refractive index n of the solution for the different wavelengths used in
the experiment are shown in Fig. 2.
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Fig. 2. The dependence of the increment of the level of excess loss Aa on the value of the solution
refractive index n.

As can be seen from the results of the experimental study, the dependence of the insertion
losses on the solution refractive index for concentrations from 10 to 96% is linear. Considering

the experimental error, the dependences Aa(n) for different wavelengths can be considered
identical.

Conclusion

Therefore, a fully fiber-optic sensor is presented, suitable for remote monitoring of the
concentration of an aqueous solution based on a change in the refractive index.

The linearity of the dependence of the insertion losses on the concentration of the solution
in the entire range from 0 to 96% is demonstrated.

The possibility of carrying out measurements at different wavelengths is shown, which
proves the prospect of using WDM in such a sensor system and expands the scope of its
application.
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Abstract. The necessity of determining kidney damage at an early stage using fast and
reliable express methods was substantiated. A method based on refractometric measurements of
refractive index at three wavelengths with grading of refractive indices to the values of three basic
parameters (osmolarity, amount of solids, density) was proposed for express analysis of kidney
damage control. Additionally, the sizes of protein compounds were investigated and their sizes
were also graded to refractive indices. The advantages of using the refractometer design at three
wavelengths over other methods were noted. The peculiarities of measuring the refractive index
of biological liquids on the example of urine are established. The results of the study of various
samples and their analysis are presented. The comparison of the obtained results with the results
of measurements in clinical diagnostics is carried out.

Keywords: kidney damage, laser radiation, wavelength, refractive index, express control,
health condition.

Introduction

In the modern world kidney disease after cardiovascular diseases comes second place in
people as the main cause of death. The Russian Federation is not an exception. Factors that now
in the world affect the increase in the number of cases of kidney disease with the formation of
stones of various sizes in them in people are quite a lot. They begin with the environment, improper
nutrition due to overload at work, high levels of stress and others. Many people do not notice the
beginning of kidney damage and stone formation at the primary stage of the disease. A person at
this time can feel good and be able to work, temporarily arising malaise people associate with
other causes. Studies conducted by doctors have shown that the earlier the kidney lesion is
detected, the more effective and successful will be the course of treatment. The probability of
recovery of almost all kidney functions increases with the stage at which kidney damage is detected
(early stage is the highest probability). In this situation, rapid, affordable and reliable methods of
rapid monitoring of kidney damage detection, especially at an early stage, are essential.

Rapid Diagnostic Methods and Problems

Currently, various methods of express control have been developed. The most widely used
of the most accessible are test strips, urometer, urine analyzer. Various studies have shown that
these methods do not allow you to detect the disease at an early stage. Only in the clinic can be
reliably done. In my work, a new and affordable method of diagnosing kidney disease at an early
stage is proposed, which is related to express control of urine based on refractometric
measurements, which are highly accurate (the error of measuring the refractive index of urine is
5*107).

I have analyzed various studies related to the detection of early-stage renal damage. The
results showed that at this stage of the disease, the greatest changes occur in the following three
urine parameters (osmolarity - Os, the presence (Nn concentration) of solids in it and the size of
protein compounds - Dy, as well as (urine density pm)). It is proposed to relate changes in the values
of these three or four parameters to changes in the refractive index of urine. For this purpose, it is
necessary to realize measurements of the refractive index of urine at three wavelengths: A1 = 436.4
nm, A2 =589.3 nm, A3 = 657.2 nm (standard composition of wavelengths for a wave refractometer,
the principle of operation of which is based on total internal reflection). To use the four parameters,
it is necessary to perform measurements at four wavelengths.

And perform graduations of the change of Os, Np, Dy and pm values from the change of
refractive index values m.1, m2, ms and my in urine samples at different temperatures T (unknown
in further three-four components, three-four equations (graduations) for each length of laser
radiation (eventually 9-12 graduation curves). The reliability of the results increases with
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increasing number of measurements at different wavelengths. Therefore, in the new refractometer
design developed in the future it will be necessary to use another wavelength A4 = 505.3 nm (green
radiation). The reliability of the measurements will increase further.

In the initial stages of preparation for the study, the creation of model solutions was
proposed, an important aspect of which is to analyze the biophysical properties of samples with
known composition. With the help of model solutions, theoretical indices of kidney condition
determination will be established, so samples were prepared to consider 3 different cases: 1. A
healthy person, 2. A person with diabetes mellitus and onset of kidney disease, 3. A person with
critical stage of kidney disease. For further refractometer measurements, urine samples were
collected from people whose health conditions reflected the prepared model solutions. The results
of the study of two groups of people for kidney damage were presented. In the first group, a
volunteer with healthy kidneys undergoing medical examination (Pavlova). In the second group
the rest of the experimental participants (Ivanov and Kendev) with profound changes in kidneys.
The data are summarized in Table 1.

Table 1: Basic urine parameters in people with different states of kidney disease.

Sample Refractive index at 3 values of A Urine Urine Urine Total
Osmotic | Specific Solids
Pressure Gravity
436,4 nm | 589,3nm | 657,2nm | mOsm/I g/ml % vol
Ivanov 1,349653 | 1,342072 | 1,340126 1047 1,0263 5,94
Pavlova 1,351017 | 1,343340 | 1,341395 1184 1,0300 6,73
Kendev 1,347952 | 1,340456 = 1,338511 872 1,0215 4,91
sample Nel | 1,344454 | 1,337078 | 1,335164 504 1,0112 2,72
sample Ne2 | 1,345145 | 1,337816 | 1,335920 584 1,0135 3,20
sample Ne3 | 1,342265 | 1,335003 | 1,333116 276 1,0047 1,34
Conclusion

As a result of the analysis, a number of human urine parameters have been determined that
can be used for early detection of kidney diseases during express urine control. A new express
method of human urine control based on refractometric measurements of refractive index nm at
different wavelengths was developed. The comparison of the obtained data on the change of total
solids, specific gravity (density), osmolarity and size of proteins from the measured refractive
index values with the data of model solutions of human urine simulating kidney lesions of different
stages was carried out. Coincidence of the results within the measurement error was obtained.
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Abstract. The paper considers development of the method of determining elemental
composition of iron-containing inks by combination of Raman and laser-induced breakdown
spectroscopy (LIBS). A sample of iron-gall ink on a paper substrate was made for the studies.
Raman and LIBS spectra were obtained and compared with several databases to determine the
elements contained in the sample. The results showed that combination of Raman spectroscopy
and LIBS could solve the problem of iron-containing components identification for paper artifacts.

Keywords: iron gall ink, Raman spectroscopy, laser-induced breakdown spectroscopy,
LIBS, chemical composition study.

Introduction

Iron gall ink — one of the earliest materials used by humans for writing, which is made from
iron salts (most commonly from vitriol) and a mixture of organic colorants and tannins. Comparing
with inks, containing copper salts as a base, iron gall inks can eventually cause damage to paper
[1], which is a significant obstacle to preserving paper manuscripts and ancient books. In order to
address the issue of detecting iron and other chemical elements within ink, it becomes necessary
to develop techniques for its detection in various ways.

One of the modern methods for study chemical composition of different materials is Raman
spectroscopy. Despite the fact that Raman spectroscopy is a highly effective, non-invasive
technique, working with inks can be challenging [2]. This may be due to the complex nature of
inks and the presence of fluorescent additives that can hinder the detection of weaker band
intensities [3, 4]. That is why it is necessary to create an investigation technique for inks, which
includes some alternative methods of identification.

Laser-induced breakdown spectroscopy (LIBS) technique, unlike many others, can detect
the presence of specific elements in a material's composition. The method is not completely
nondestructive, but it does allow for measurements with minimal damage to the surface of the
sample [5]. Thus, in this work chemical composition of model ink sample is studied with Raman
spectroscopy and LIBS to create a technique for paper artifacts investigation.

Materials and Methods

The model sample was created in a cellulose paper, where the inks, made by hot infusion of
gall nuts, iron vitriol, cherry resin and drinking water were put with the brush.

For this work a Raman Confocal microscope Confotec MR350 (SOL instruments Ltd.,
Germany) with 785 and 850 nm working wavelength and 1 micron laser spot was used. The
detector had special cooling system to increase temperature up to -30° C. In order to avoid the
thermal heating of the paper by laser and the destruction of the sample, the ND filter (absorber)
was installed either. The sample was placed on the working surface, then it was pressed with a
weight to avoid fluctuations. Spectral range for Raman spectra detection was from 99 cm ™ to 1734
cmL,

For the study, LIBS setup (Onteko, USA) was employed. A pulsed (single-pulse, two-pulse
and three-pulse modes are available) Nd:YAG nanosecond laser with spot size up to 30 microns
operated at a wavelength of 1064 nm with a maximum pulse energy of 28 mJ. USB4000
spectrometer (Ocean Insight, USA) operated in the spectral range of 200-1100 nm with optical
resolution ranging from 0.1-10 nm and an integration time ranging from 3.8 milliseconds to 10
seconds. Additionally, part of the setup included the following software programs: OceanView (a
specialized spectrometer software), and LIBS Identification Software for processing the acquired
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spectra. The sample was placed at 7 cm from the laser outlet. A two-pulse laser mode with pulse
energy of 5 mJ was used for measurements.

In both cases, for Raman and LIBS, measurements of paper uncoated with ink and paper
covered with ink were carried out, when subtracting the first measurement from the second, a
spectra of pure ink were obtained.

Results and Discussion

Analysis of Raman spectrum showed no peaks of iron-containing components, however
clear peaks corresponding to glucose and fructose, as well as peaks corresponding to tannin,
were detected in the spectrum, making possible the identification of cherry resin (1400 cm™) and
gall nuts (550 cm™).

The obtained LIBS spectrum was compared with the National Institute of Standards and
Technology (NIST) database [6]. Peaks corresponding to iron at wavelengths of 274.7, 357.8,
374.1, 382.4, 385.6 and 393 nm, as well as sodium at 589 nm, were detected in the spectrum.
After reviewing relevant literature [7, 8, 9], it was determined that the spectral data obtained
from LIBS method agrees with reference data, indicating that the method can detect iron and
sodium in various compounds.

Conclusion

The problem of iron-containing components identification in Raman spectroscopy could be
explained by alternative prohibition rule. This study showed that inclusion of LIBS method during
the ink investigation allows neglecting this problem. The Raman spectroscopy was suitable for
identifying organic components of inks such as gall nuts and cherry resin, while LIBS peaks
indicated the presence of iron and sodium. Sodium could be referring to contaminations or hand
marks. In both spectral measurements no paper destroy was observed. Combination of Raman and
LIBS methods could be effective technique for paper artifacts diagnostics.
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Abstract: In this work, we present the concept of optical spintronics, which uses optical
spin rather than electromagnetic energy to transfer information. We show that transfer of optical
spin is possible without energy transfer, and present an optical spin diode - a device that support
non-reciprocal propagation of optical spin currents.

Keywords: Optical spin angular momentum, optical chirality, optical spin diode

Modern electronics are finding it difficult to satisfy the increasing demands on the comput-
ing power and bandwidth of information devices. The answer to the question of improving the
above-mentioned characteristics is photonics, which is many times superior to electronics in terms
of information transfer speed and energy efficiency. Unfortunately, creating photonic devices such
as a diode or transistor requires the use of nonlinear materials, breaking of electromagnetic reci-
procity, or other tricks that complicate the process of large-scale production.

However, information transfer is not always associated with particle transfer. An example is
spintronics: a field of electronics in which information is transferred via spin currents while the
electrons themselves may remain in place. As a vectorial field, electromagnetic fields, carry spin
angular momentum (SAM) S, which satisfies continuity equation [1]

0
V-J= ES’ ey
where J is the SAM flux density to which we will refer as to optical spin current. For monochro-
matic electromagnetic field, time averaged values of S and J are [1, 2]

(S)= - SE‘xE+H xH], ()= 2 S[i(E-H) - EcH -H&E
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For a plane electromagnetic wave with electric field

E (r,t) = ag (e, + oie,) e (3)

where k£ = w/c,0 = £1, f = +1, and qq is the complex amplitude, nonzero components of
Poynting vector, SAM, and optical spin current are

(P.) ~ Blaol*,  (S:) ~alaol*, (Jz) ~ 0B aol”. ©)

Therefore, two contrapropagating waves with same amplitude but opposite SAM will have zero
energy flux but nonzero SAM slux (see Fig. 1.a). Indeed, let us consider following field configu-
ration

ikz

E(r) =a,eoe* +a_eje ™, 5)

where ey = [1, i,0]" /v/2, and a.. are complex amplitudes. Calculation of energy flux and optical
spin current gives
() ~Jas = Ja-f*, (L) ~ lag " +Ja-|”. (6)



Thus, when |a | = |a_| such field configuration allows transfer of optical spin without transfer of
energy.

However, both electromagnetic energy and spin can propagate in everry direction in freespace.
A natural question arises: is it possible to create a device in which the optical spin current can flow
only in one direction? The answer is yes. Consider four-port network presented on Fig. 1.b, with
each channel having following elecrtic field

i (r) = a4 (e, T-iey) ePikz, E?}i (r) =b;+ (e, L iey) e~ Whikz 7
where index j = 1,2 encodes halfspace to the left ( = 1, z < 0) and to the right (j = 2, z > 0)
of the structure, 3; = —(» = 1, and scattering matrix
bl+ 01 00 aj+
bay | |1 0O 0 Of |ai-
bi_| [0 0 0 1| |agy ®)
by 0 0 1 0Of [aoz

Only waves with positive SAM are allowed to travel in positive direction, and only waves with
negative SAM are allowed to travel in negative direction. Thus optical spin current is able to
flow only in positive direction in such a network, what makes it an optical spin isolator. While
an isolator is an idealized device, in real life it is possible to create an optical spin diode using
chiral materials. In chiral media, waves with different handedness have different refractive index.
Consider plane electromagnetic wave, incidend on a chiral slab (see Fig.1c). By selecting the
material parameters and the angle of incidence of the wave in such a way that the waves of one
handedness pass through the slab, while the waves of the other handedness experience total internal
reflection on the slab, it is possible to achieve the spin optical diode regimes. Energy flux and spin
current for transmitted wave is presented in Fig.1c. One can see three different regimes. When, for
one of the polarizations, the normal component of the wave vector becomes imaginary inside the
chiral slab, then the structure becomes an optical spin diode.

In conclusion we have introduced the concept of optical spintronics, in which information is
transferred via optical spin currents. We also proposed an optical spin diode and its implementation
based on chiral materials.

This work was supported by Russian Science Foundation (Project No. 23-72-10059). 1.D.
acknowledges the Foundation for the Advancement of Theoretical Physics and Mathematics “BA-
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Abstract. In this work, a GaP nanowires (NWSs) based nanostructure - directional coupler is
under consideration. The dependence of the spectral characteristics of the structure depending on
its geometrical parameters, such as NW diameter, length of the coupling zone, and distance (gap)
between NWs in the coupling zone, is investigated using numerical simulations. Considered
nanostructure can claim to be a basis component of photonic integrated circuits.

Keywords: gallium phosphide, nanowires, directional coupler, numerical simulations

Funding: A.K. thanks the Ministry of Science and Higher Education of the Russian
Federation (agreement 075-03-2023-106, project FSMG-2021-0005).

Introduction

Optical integrated circuits can serve as an alternative to silicon electronics. Their most
notable advantages - higher data transfer speeds and the absence of joule heating make full optical
photonics a promising platform for classical and quantum computing. Nowadays, some of the most
popular optical circuits are silicon-based optical circuits, but they cannot achieve the desired
performance due to the lower packing density of the elements compared to electronic circuits. To
reduce the size of optical components, it’s necessary to move towards materials that can expand
the possibilities in the context of creating passive and active elements by utilizing shorter
wavelength spectral range. GaP nanowires are a good candidate for such applications due to high
structure perfection, large aspect ratio, and the possibility of synthesis on mismatched substrates
[1]. Also, GaP is transparent in almost the entire visible and IR range, and has a high refractive
index, that opens up new ways in developing optical components. Together with the advantages
of the synthesis technology — molecular beam epitaxy (MBE), GaP NWs become an ideal
candidate for the realization of basis elements of optical circuits - directional couplers (DCs).
Investigation of the propagating electromagnetic waves in two coupled hexagonal waveguides
hasn’t ever been under consideration that makes the obtained data especially important for the
development of a large number of different devices.

Materials and Methods

In this work, the propagation of electromagnetic waves along two coupled waveguides were
investigated using finite difference time domain (FDTD) method (see Fig. 1). The influence of
geometrical parameters on its spectral characteristics was considered. In accordance with the NWs
structure [I], they were represented as equilateral hexagonal prisms. DCs consisted of the NWs of
different diameter (150, 200, 250 nm), different gaps (50, 100, 150, 200 nm), different coupling
length (5, 10, 15 pum) were considered. The numerical simulations were performed with absorbing
boundary condition (PML), which allow to absorb incident light with minimum reflection. An
inhomogeneous grid with a step of 7 nm was utilized. The so-called ports were used as the source,
which can simultaneously act as a mode source and field monitor. Transmission spectra were
obtained in the wavelength range of 500 to 1100 nm.
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Fig. 1. Schematic of the model geometry for the numerical simulation

Results and Discussion

On the Fourier images of the electric field intensity distribution, an energy transition from
one NW to another is observed (see Fig. 2 (a)). The number of energy transition cycles is also
influenced by the GaP NW diameter: the GaP NW diameter increases, so we observe a decrease
in the number of transition cycles. Transmittance spectrum also demonstrates a cyclic pattern of
energy transition between the DCs shoulders depending on a wavelength. For the shorter
wavelength we observe peaks broadening due to stronger field localization in each NW. To
increase the bandwith we can use broader gaps and thicker NWs but in this case we have a red-
shift of the operating wavelength. Increasing the coupling length from 5 up to 15 microns increase
a number of transitions so making it 50 microns or longer allows us to achieve the power division

50:50 regime in a very broad spectral range.
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Fig. 2. Fourier image of the electric field distribution at a wavelength of 790 nm (a) and the
transmission spectra (b)

Conclusion

We’ve demonstrated how we can control output signal in submicron directional coupler
made of two single GaP NWs. Gap broadening affect the operating wavelength (red shift) and also
decrease the number of transition cycles. Increasing the NW diameter we shift the transmission
spectra to the longer wavelength range by making the modes confinement higher which hinder
them to couple to the another shoulder. Increase of the coupling length multiply the number of
peaks in transmission spectrum so if we have 50-100 microns coupling length it’s possible to
achieve 50:50 power division in a very wide spectrum range which will be limited by GaP
absorption and NWs diameter for longer wavelength range. The results indicate the possibility of
using such a structure as a basic passive element in integrated nanophotonics.
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Abstract. Silicon nitride (SiNy) is a promising material for photonic integrated circuits. In
this work the losses, coupling coefficient and group index of SiNx waveguides are studied before
and after the thermal annealing. It is shown that before annealing SiNx waveguides demonstrate
weak dependence of the propagation losses versus frequency in the frequency range from 185 THz
to 190 THz. In this frequency range the losses are about 4-5 dB/cm. Starting from 190 THz the
propagation losses grow up reaching 12 dB/cm at 196 THz. The thermal annealing at 600 °C for
30 min. in vacuum leads to the decrease of the losses down to 4 dB/cm at the whole frequency
range from 185 THz to 196 THz. This indicates the destruction of Si-H and N-H complexes
remaining after plasma-enhanced chemical vapor deposition.
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Introduction

Nowadays silicon nitride (SiNx) is one of the promising materials for photonic integrated
circuits (PICs). Due to low propagation losses, the absence of two-photon absorption, high Kerr
nonlinearity and potential compatibility with CMOS technology it is possible to create linear and
nonlinear PICs that find applications in optics and microwave photonics [1 — 7]. Currently, the
most accessible and cheapest method for silicon nitride films production is plasma-enhanced
chemical vapor deposition (PECVD). The absorption on Si-H and N-H complexes limits the
applications of PECVD technology. The thermal annealing paves the way to destroy these
complexes and to reduce the losses [8]. Thus, the aim of this work is to study the influence of
annealing on the optical properties of a SiNx PICs.

Materials and Methods

The PICs under investigation are made of silicon nitride films with thicknesses of 400 nm
and 700 nm. All films are deposited using the PECVD technology. The waveguide structures are
obtained by the electron beam lithography. The width of the waveguides is chosen to be 900 nm
in order to ensure a quasi-single-mode operation. The experimental chips include a directional
coupler, a set of various straight waveguides, and a ring resonator with radius of 1 mm. The ring
resonator coupled with two straight waveguides. The gap between the straight waveguide and the
ring is 500 nm. The waveguide properties of these structures are experimentally obtained
according to the extraction method [9] before as well as after a thermal annealing. The chips are
annealed at the temperature of 600 °C for 30 minutes in a vacuum. The transfer functions of
elements are analyzed with high definition component analyzer — Aragon in the frequency range
from 185 THz to 196 THz (wavelength form 1529.6 nm to 1620.5 nm).

Results and Discussion
The losses of the SiNx waveguides are obtained by the extraction method in the frequency
range from 185 THz to 196 THz. It was found that before annealing SiNx waveguides demonstrate
the propagation losses of 4-5 dB/cm at frequencies below 190 THz. Starting from 190 THz the
losses rise with the frequency up to 12 dB/cm. Also it was shown that the SiNx waveguides with
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the cross sections of 900x400 nm? u 900x700 nm? demonstrate the group index of 1.773 and
1.869, respectively. After annealing at 600 °C for 30 min. in vacuum, the losses decreased down
to 4 dB/cm at the whole frequency range from 185 THz to 196 THz. It is also shown that the group
index of both waveguides increases by 2.6 %. It can be explained by the destruction of the Si-H
and N-H complexes remaining after PECVD. For the verification obtained frequency dependences
of the propagation losses, coupling coefficient and group index are used for calculation the
theoretical transfer functions of ring resonators, that demonstrate a good agreement with the
experimental data.

Conclusion
The propagation losses, coupling coefficient, and group index of SiNx waveguides are
studied before and after the thermal annealing. It is found that the thermal annealing at 600 °C for
30 min. in vacuum leads to the decrease of losses in the frequency range from 185 THz to 196 THz.
This indicates the destruction of Si-H and N-H complexes remaining after plasma-enhanced
chemical vapor deposition.
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Abstract. InGaSs thin layers are promising nanostrures in the field of nanophotonics owing
to the broad bandgap, sufficiently high refractive index and the simplicity of fabrication. Here we
numerically investigate a system based on InGaSz waveguides, standing side by side. We
demonstrate the localization of the electromagnetic field inside the gap between two waveguides
and obtain the refractive indices and losses for the slot waveguide modes at a wavelength of 505
nm. Transmittance spectra of considered configurations of different geometrical parameters were
obtained The waveguiding cut-off related to the absorption inside the material and the
delocalization of the electromagnetic field was determined. The obtained results open the
possibility for fabrication of novel photonic devices based on InGaSs thin layers.
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Introduction

Nowadays, the research of new materials for the development of new element and
component basis of integrated nanophotonics is important. One of the main task of integrated
photonics is to increase the surface packing density of the functional elements, which can be
achieved using an optically dense material, operating in the range of shorter wavelengths, for
example in visible. Also, the material should be technologically versatile in the context of circuits
fabrication technology.

InGaS3 is a semiconductor with a large bandgap (2,73 eV) and high refractive index (< 2,5)
[1]. It is a novel layered material with hexagonal symmetry of the crystal lattice, however, it is
non-van-der-Waals: the bonds between the layers are covalent, but in the plane of the layer they
are distributed inhomogeneously and their density per unit area is rather small, which makes it
quite easily to separate the layers from each other by various methods [1]. From the optics point
of view, it is extremely promising in the context of developing passive elements of integrated
optical circuits. By the example of other layered materials (MoS,, MoSe,, WS,, WSe», etc.) the
possibility of separating thin layers of a given thickness and transferring them onto different
substrates has been demonstrated [2]. The layered structure of the material allows the exfoliation
method to separate the layers with monolayer accuracy, which will allow to integrate InGaSs into
the processes of planar technology and control the geometry of elements precisely.

Materials and Methods

In this work, we study two different configurations of the InGaSs slot waveguides by
numerical simulation methods, namely finite difference frequency domain (FDFD) and finite
difference time domain (FDTD) in Ansys Lumerical software (see Fig. 1 for schematic). An
inhomogeneous grid was modeled with a minimum grid step of 1.5 nm in the case of the FDFD
solver and 7 nm of the FDTD solver. The absorbing boundary conditions were chosen in order to
obtain a minimum reflection of the incident light. The optical constants used were taken from the
work [1]. The systems with the following geometry and parameters were investigated: two square
waveguides with a 5 um long, standing side by side, placed on SiO; substrate. The square side
varied from 100 to 250 nm with step of 50 nm. The gap between two InGaS3z waveguides varied
from 10 to 100 nm by the same step. For the second configuration with an extra layer of the
material between waveguides, the thickness of the unetched layer was 10, 20 and 50 nm. The
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waveguides properties of the considered system were studied at a wavelength of 505 nm. A model
mode source was used to obtain the transmittance spectra in the range of 400 to 800 nm.

a= 100, 150, 200, 250 nm
d =10, 50, 100 nm
h=10, 20, 50 nm

Fig. 1. Schematic of the model geometry for the numerical simulation

Results and Discussion

Numerical simulation has demonstrated effective localization of the electromagnetic field
inside the gap between two waveguides due to the high difference in refractive indices of InGaS3
and air (see Fig. 2) and interaction of the both waveguides modes. The slot guided mode exists
only in specific range of waveguides dimensions: for smaller waveguides it’s easier for electric
field to interact due to the waveguides eigenmodes worse localization but for the thicker
waveguides localization increases and slot mode is suppressed due to the shortening of the electric
field evanescent tails. Adding extra layer of InGaSs to the slot region can shift the field maximum
along the y-axis but it causes the mode leakage from the slot to the InGaSs. From the obtained
transmission spectra, it was determined that with an increase in the dimension of the waveguides,
the mode inside the gap is delocalized due to less interaction of the electromagnetic field tails.

100 nm 10 um
—

Fig. 2. Electric field distribution for two different slot waveguides configurations

Conclusion

We investigated the waveguide properties of the slot waveguides based on a novel layered
non-van-der-Waals material. It was obtained, that 1) localization of the electromagnetic field
between two waveguides increases due to waveguide dimension and gap decreasing; 2) the
effective refractive index of the fundamental mode grows up with the increase of the waveguide
dimension and the thickness of the unetched layer, and with the decrease of the gap between
InGaSs waveguides. The results indicate that the slot waveguides based on InGaSs can be used as
a passive element in integrated nanophotonics.
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Abstract. In recent years, machine vision systems have become more and more widespread.
However, due to fundamental limitations of the Von Neumann architecture[1], such electronic
systems consume a large amount of power and are not compact. One of the approaches to
overcome these difficulties is intrasensory image preprocessing[2], as well as the use of memory
properties and nonlinearity characteristic of optical neuromorphic transistors.
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Introduction
In recent years, neuromorphic artificial optoelectronic synapses[3] have received much
attention, potentially being considered as basic elements of SNN[4]. In our work, we propose
another possible application of optical transistors. Due to their memory properties and internal
computation ability, they can preprocess visual information, avoiding excessive memory access
to the computing device and outperforming standard sensors in energy efficiency.

Materials and Methods
In this work, artificial optoelectronic synapses based on zinc oxide nanocrystallites were
used. Such devices are able to memorize the information about the illumination, translating it
into an analog signal.
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Fig. 1. Graph of dependence of conductivity of structures on illumination frequency

Results and Discussion
Based on the obtained illumination properties of neuromorphic synapses, a mathematical
model capable of simulating the operation of an array of sensors, each pixel of which represents
an artificial optoelectronic synapse, was created.

Imulations of the neuromorphic sensor operation were performed (Fig. 2). Object is directly
opposite the sensor and there are no stray highlights.
The first line of Fig. 2 shows the motion of the circle. All other lines show the response of
the sensor, assuming that the circle moves at different speeds. Near each line is written the time,
which shows how many seconds the circle stands still before moving one cell.
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To demonstrate this fact, a dataset of images of a circle moving in different directions was
compiled. Gaussian noise was added to the image to simulate spurious illumination and noise.
Then the CNNJ[5] was successfully trained(Fig. 3) on this dataset and despite the noise showed
good accuracy and learning speed. Training accuracy was counted as the ratio of correct
predictions to the total number of predictions.

5.0 15 100 12.5 15.0 17.5 0.0
Epochs

Fig. 3. Dependence of training accuracy on the number of training epochs

Conclusion
In this way, efficient preprocessing for machine vision tasks has been demonstrated to
improve the energy efficiency and compactness of computing systems.
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Abstract.

This article compares the spectral properties of the reduced graphene oxide films with
different thickness values obtained using spin-coating method on a glass substrate. Increasing the
layer thickness leads to a decrease in the film resistance and light transmittance, so a compromise
between the conductivity and light transmittance is required to use such films as the translucent
contacts. For samples with different number of the layers the transmittance in the IR range of the
unpolarized light incident perpendicular to the surface and reflected at an angle of 45 degrees was
measured. Using this data the absorption for each sample was achieved and extended area of the
application is proposed.
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Introduction

Graphene oxide (GO), first obtained by Oxford scientist Benjamin Brodie in 1859 [1] is an
affordable and promising material for the implementation in modern optoelectronics. It can be
presented in both dielectric and conductor states. Standard graphene oxide is a solution of the
graphene layers with the oxide-containing groups [2]. It has high light transmittance, relatively
small edge angle of the flow and high resistivity of GOhm or more. Reduced graphene oxide is
obtained by heating the sample to the temperatures of 170 degrees Celsius and above [2] or by
other methods of the local energy transfer. Thus, during heated, the decrease is observed in the
number of the oxide-containing bonds that increase the forbidden zone and reduce the conductivity
of the structure [3]. As graphene oxide is reduced, its light transmission deteriorates and its
conductivity increases.

Due to importance of finding compromise between conductivity and transmittance, this work
compares the near- and mid-IR ranges spectrums of the GO samples with different thickness and
hence — obtained resistance.

Materials and Methods

The graphene oxide used in this work is an original modification of the Hammers-Offeman
method manufactured by NanoTechCentre Ltd (Tambov, Russia). Samples with the following
values of the free surface energy (FSE) were used as the glass substrates: dispersive component
vs(d) = 45.8-48.3 mJ/m?, polar component ys(p) = 10.7-11.0 mJ/m?2.

Thin graphene oxide films on the glass substrates using spin-coating method at the speed of
4300 rpm multiple times was formatted. After one cycle of coating (one layer), the sample was
exposed to the heat at 230 degrees Celsius and the resistance of the film was measured. It is known
that the resistance of a film decreases with the film thickness increasing. Four samples with
different number of layers were prepared.

To obtain the transmittance and reflection data the FTIR-spectrometer FSM-1202 was used.
Transmittance in the IR range of unpolarized light with the wavelength of 1000-2400 nm incident
perpendicular to the surface and reflected at an angle of 45 degrees was measured.

Results and Discussion
The results of the transmittance and reflection spectrometry are shown on figure 1. As was
expected, the average transmittance on entire range decreases by about 10%; the reflection
increases by 3-6% with increasing thickness on 10 nm.
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Fig.1. Transmittance and Reflection of RGO samples with different number of layers
Obtained absorption is shown on figure 2. The minimal average value of absorption is 21%
with 2 layers. Each layer ads about 5-7% to that value.
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Fig2. Absorption of RGO samples with different number of layers

The results presented can extend the area of the application of the reduced graphene oxide,
for example, in the optical limiting process use. This is very important to protect the human eyes
and technical devices from high laser irradiations. Also with achieving compromise between
transmittance and resistance, it can be possible to integrate reduced graphene oxide films in liquid
crystal (LC) schemes. Orienting layers that being used in classical LC displays have a limitation
on the electrical consumption due it material properties. With reduced oxide thin contact films
removing orienting layer in classical liquid crystal schemes lower values of the voltage falling on
RGO layer can be achieved.

Conclusion

In this work, the experimental dependences of the transmittance and reflectance of the RGO
films with different number of the layers and thickness in the infrared (1000-2400 nm) ranges were
measured. Based on the obtained data, the absorption distribution for each sample was found. As
a result, the samples have similar dependences. With the layer thickness increasing, the
transmittance (about 10%), and reflection (3-6%) decreases and the light absorption (5-7%)
increases. Transmittance has a positive dispersion dependence on the wavelength. For the
reflection and absorption spectra that dependence is negative.
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Abstract. We demonstrate optically pumped lasing in ZnO grown via hydrothermal method.
This study suggests the effective use of zinc oxide as a basis for a light-emitting device.
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Introduction
Zinc oxide (ZnO) is one of the promising materials for development of UV emitters due to
the band gap (3.37 eV at room temperature) and high exciton binding energy (60 meV) [1]. In
addition, ZnO is inexpensive, relatively abundant, chemically stable, easily synthesized, and non-
toxic. Although a wide variety of ZnO-based light-emitting devices (LEDs) have been developed
so far, their performance, light-emitting ability, and production technology are still below
expectations.

Synthesis

Hydrothermal synthesis is a method of growing various materials and compounds, based on
the use of physical and chemical processes that take place in agueous solutions at slightly elevated
temperatures often used to obtain ZnO nanostructures [2].

In our work, silicon substrates Si (111) are used for the hydrothermal synthesis of ZnO
nanostructures since this material is known to be the most often used in nanoelectronics. Zinc
acetate is used as a seed layer material. The growth solution consists of equimolar aqueous
solutions of Zn(NOz3). and hexamethylenetetramine (HMTA).

Results

The samples were placed in a closed-cycle helium cryostat (Janis Research Company, USA).
The sample temperature was about 10 K. The PL was excited by a He-Cd laser (A = 325 nm,
excitation power W = 50 kW-cm2) and by an ultraviolet solid-state laser LCM-DTL-374QT (A =
355 nm). The excitation power of this laser was varied in the range from 1 to 800 kW-cm™. The
threshold generation value was 95 kW-cm™.

Upon excitation and recording of luminescence, narrow lines in the spectral region A =~ 373—
376 nm are observed in the PL spectra (Fig. 1). A cluster of disoriented zinc oxide crystals forms
a closed circuit that acts as a resonator, which leads to the formation of narrow lines in the
photoluminescence spectra. The spectral position of these lines indicates that laser generation
probably occurs in the P band region of the exciton—exciton interaction [3].

Laser generation is observed at different points of the sample (Fig.1), which indicates the
good quality of the synthesized structures.
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Fig. 1. Photoluminescence spectra and SEM images taken at different points of the synthesized sample.

Conclusion
The results show that a simple hydrothermal synthesis method is promising for fabricate
efficient light-emitting devices based on ZnO.
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Abstract. We demonstrate that the use of a simple and well-known technique of ion
exchange in glass makes it possible to create structures capable of accumulating nonequilibrium
electric charge. Electric field generated by this charge causes the appearance of the second-order
optical nonlinearity in the initially isotropic glass. The charge and discharge of the formed ion-
exchange structure are manifested in the dynamics of current flowing through the glass and the
generation of the second harmonic of laser radiation. This approach opens up previously
unexplored possibilities for creating, tailoring and controlling second harmonic generation in
glasses.
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Introduction

The functionality of initially isotropic glasses can be expanded for nonlinear optics
applications via inducing the second-order optical nonlinearity (SON) initially forbidden by the
central symmetry of glasses. SON can be provided by thermal poling (TP) which is the application
of a DC voltage to a heated glass [1] followed by cooling the glass under the voltage. TP leads to
the accumulation of nonequilibrium charge in the glass, which electric field mixed with the third-
order nonlinearity presenting is responsible for the second optical harmonic generation (SHG) in
the glass [2]. However, applying a DC voltage even at room temperature to the interface of media
differing in dielectric constant and conductivity also leads to the accumulation of a charge, and
this is known as the Maxwell-Wagner (M-W) effect [3]. Electric field generated by this charge
allows in isotropic media a phenomenon known as EFISH (Electric-Field Induced Second-
Harmonic) [4] similarly to the SHG in thermally poled glasses.

lon exchange (IE) can also be used to create a conductivity difference in a glass by formation
gradient profile of diffusion, and subsequent DC voltage application should also lead to M-W
charge accumulation, the EFISH effect and the SHG, respectively. So, the aim of this article is to
test and characterize SHG in ion-exchanged glasses.

Materials and Methods

In this study, we used soda-lime glass slides. The samples were subjected to IE at 365 °C for
8 hours in molten KNO3 salt. After IE, potassium and sodium concentration profiles along the
sample cut were characterized with EDX spectroscopy. We measured current flowing through the
specimen while applying 1300 V DC to it (charging current) and after the voltage was turn off
(discharging current) using picoammeter. We used transparent 1TO electrodes for simultaneous
optical experiments. Particularly, we measured temporal behavior of the second harmonic (SH)
signal generated by the specimen under 1.064 um laser radiation. Details of the optical setup can
be found elsewhere [5].

Results and Discussion

First, the sodium and potassium concentration distribution in IE glass was investigated.
Normalized concentration profiles are presented in Fig. 1a. One can see that the sum of the
concentrations is about constant which shows that K* occupied the places if Na* ions after the IE.
The estimated penetration depth of potassium ions is ~5 um. There is a noticeable incomplete
sodium replacement at the surface, which is probably due to the conditions of the IE, and this
requires more detailed study. The resulting structure was then assessed for the possibility of
nonequilibrium charge accumulation. For this, the temporal dependence of current was measured

1



(Fig. 1b), which showed that the time required to charge the sample was about 30 minutes.
Afterwards, the contacts were short-circuited and the discharge curve was recorded, discharging
time being similarly ~30 minutes. The dynamics of the second harmonic intensity also made
possible estimating the saturation SH decay time as 30 minutes (Fig. 1c). Besides, we compared
the SH signal level from the sample with one from TP soda-lime glasses and found these levels
very close. After short-circuiting the sides of the sample, the SH intensity decreased, but the
behavior of these decrease differed from expected. This phenomenon still needs to be studied.
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Fig. 1. Concentration profiles, obtained by EDX spectroscopy measurements (a), Charging current under
applied voltage and discharging current with short circuit after (b), SH dynamics under applied voltage
and with short circuit after (c).

Conclusion
We have demonstrated for the first time a method for producing SON in glass using IE.
Fundamentally, this opens up the possibility of controlling the amplitude characteristics of SH and
relaxation processes in various ways (for example, by varying the IE parameters, using glass
annealing, different types of ions).
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Abstract. Currently, semiconductor nanocrystals are considered as a promising material for
use in many fields, especially for the fabrication of photodetectors, solar cells, and displays.
Among them, there is a special subclass of biocompatible and eco-friendly ones — nanocrystals of
a ternary composition based on silver, indium or bismuth, and sulfur. The optical and electrical
properties of such structures are considered special, which is why they have found wide application
in many fields. It can be controlled by changing their shape, size, and making surface
modifications. Thus, in this work, a synthesis method of nanostructures of ternary compounds
based on silver, bismuth, and sulfur with chiral molecules was developed, and the influence of
chiral molecules on their spectral characteristics was studied. A study of the electronic structure
of the synthesized nanocrystal-chiral ligand systems using circular dichroism and magnetic
circular dichroism spectroscopy together with their morphological properties was provided. The
developed nanomaterial is promising for use as an active material in chiral photodetectors.

Keywords: nanocrystals, ternary compounds, chirality, circular dichroism, magnetic
circular dichroism, atomic force microscopy

Funding: This study was funded by the Federal Academic Leadership Program “Priority
2030”.

Introduction

Nowadays, semiconductor nanocrystals (NCs) are considered as a material for various
current tasks in photovoltaics, sensorics, and other industries due to their unique optical and
electrical properties. To expand their applications in biomedicine and in connection with concern
for the environment, classical NCs based on mercury, cadmium, and tellurium are gradually being
replaced by NCs of ternary compounds of the composition 1-V-VI, and I-11I-VI.. Such
nanomaterials have properties that can be controlled by changing their shape [1] and composition
[2], their synthesis route, or surface functionalization [3]. Thus, in this work the AgBiS2 NCs
synthesis method was developed, and the influence of chiral ligands (CLs) on the AgBiS; NCs
spectral characteristics was examined.

Materials and Methods

The synthesis of AgBiS2 NCs was based on the method reported in [4] with some
modifications using several types of CLs: L-Cysteine (L-Cys), L-Phenylglycine (L-PhG), L-
Tryptophane (L-Try), and L-Glutathione (L-Glu). Reference samples that did not contain CLs
were also prepared by this method. Instead of CLs, thioglycolic acid (TGA) was used in the
synthesis.

The morphology of the obtained NCs was studied by atomic force microscopy (AFM) using
a Solver PRO-M atomic force microscope with a Smena measuring module (NT-MDT, Russia).
The absorption properties of the obtained samples were studied using a UV-3600
spectrophotometer (Shimadzu, Japan). The circular dichroism (CD) and magnetic circular
dichroism (MCD) spectra were recorded on a JASCO J-1500 spectrometer.

Results and Discussion
A protocol for the synthesis of AgBiS2 NCs-CLs nanostructures was developed and
presented in Figure 1. Four L-CLs types were used here (see Materials and Methods).
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Fig. 1. Scheme of syntheses of AgBiS, NCs-CLs nanostructures

These performed reactions showed that the presence of an SH-group in the chiral molecule
is necessary for the formation of NCs, otherwise aggregation of nanoparticles occurs at the stage
of adding CLs with the formation of large flakes. That is why, as a result of the reaction with L-
Try and L-PhG, the previously described effect occurred. Analysis of NCs using AFM showed
that their average size does not exceed 25+1 nm. CD and MCD spectra of NCs with L-Cys or L-
Glu did not coincide with the reference spectra of free L-Cys and L-Glu molecules. In the case of
a NCs with L-Cys, when a magnetic field is applied, the absorption spectrum at the first optical
transition (~325 nm) does not change, but at the second transition (~250 nm), the optical density
is decreased twice while CD and MCD spectra coincide. For NCs with L-Glu, the magnetic field
influences the optical density at first and second optical transitions similarly as for the NCs with
L-Cys. At the same time, Zeeman splitting obviously occurs and the spectrum changes sign
depending on the sign of the magnetic field. The first derivatives of the absorption spectra are
different from both CD and MCD spectra for both NCs samples.

Conclusion
In this study, AgBiS2 NCs with two types of chiral molecules (L-Cys and L-Glu) were
synthesized. The study of the electronic structure of NCs using the of CD and MCD spectroscopy
made it possible to study the nature of the broadband absorption of such nanostructures in more
detail, as well as to consider in detail the influence of chiral ligands on the excitonic transitions of
AgBiS2 NCs. Taking into account high optical density in a wide spectral range, developed NCs
are promising for the fabrication of photodetectors.
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Abstract. We theoretically and numerically demonstrate an efficient approach for
generating a spatiotemporal optical vortex (STOV) beam in an asymmetric dielectric slab
waveguide. We consider a metal-dielectric structure consisting of several metal strips “buried” in
the waveguide core layer. The presented rigorous numerical simulation results are in good
agreement with the developed theoretical model.
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waveguide, spatiotemporal differentiation.
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Introduction

An optical vortex (OV) beam is a special type of monochromatic optical beams possessing
a zero in the field amplitude and a screw-type phase dislocation. Recently, a new class of OV
beams has been discovered in optics, referred to as spatiotemporal optical vortex (STOV) beams
[1]. In contrast to the conventional OV beams, STOV beams are essentially polychromatic and
carry orbital angular momentum, which is orthogonal to the beam propagation direction. STOV
beams have many important potential applications including optical trapping, super resolution
microscopy, and free-space telecommunications, among others.

Results and Discussion
As an integrated nanophotonic element intended for the generation of an STOV in the
waveguide layer, we propose to use a “three-strip” metal-dielectric structure consisting of three
gold (Au) strips “buried” in the waveguide (Fig. 1). We theoretically studied the transfer function
of the structure and obtained that generating a spatiotemporal optical vortex requires the difference
between the arguments of the complex coefficients at the “spatial” and “temporal” linear terms of
the transfer function of the structure to equal  / 2.

— Sio, z,
m GaP ys\l/ X,
T Au

Fig. 1. Geometry of the considered integrated structure consisting of several metal strips “buried” in the
core layer of an asymmetric dielectric slab waveguide



We consider a 100 nm thick gallium phosphide (GaP) waveguide layer sandwiched between
air and silicon dioxide (SiO2) cladding (see Fig. 1). Using a specially developed optimization
algorithm which involved multiple solution of the “direct” diffraction problem (simulation of the
diffraction of TE-polarized incident modes on the structure), which was carried using an in-house
implementation of the aperiodic Fourier modal method adapted to the solution of the problems of
integrated optics [2], we obtained the following structure satisfying the STOV generation
conditions at the angle of incidence 8 = 65° and the free-space wavelength A = 630 nm: wy = 25.1
nm, w2 = 53.2 nm, wz = 64 nm, ws = 222 nm, and ws = 125 nm (see Fig. 1).

/o, Y/ o,

Fig. 2. Amplitude (absolute value) (a) and phase (argument) (b) of the numerically calculated envelope of
the H, component of the reflected optical pulse

Figures 2(a) and 2(b) show the absolute value and phase of the numerically calculated
envelope of the H, component of the reflected pulse at the central plane of the waveguide core
layer (at zc = 0) for an incident optical pulse described by a Gaussian function (~exp[-t?/ci —
y?/5,%], where o = 2.8 ps and o, = 14 pm). From these figures, it is evident that the reflected optical
signal indeed contains a spatiotemporal optical vortex. The inset to Fig. 2(a) shows the three-
dimensional envelope of the reflected pulse in the coordinates associated with the reflected optical
pulse at the 1072 level. The numerically calculated and model envelopes (not shown here for the
sake of brevity) are in a good agreement: the normalized root-mean-square deviation between them
amounts to only 0.49%.

Conclusion

We investigated theoretically and demonstrated numerically the generation of an STOV
beam in an asymmetric dielectric slab waveguide. In the proposed integrated geometry, the
generation of an STOV beam is performed upon reflection of a spatiotemporal optical pulse with
a Gaussian envelope propagating in the asymmetric waveguide from a metal-dielectric structure
consisting of several metal strips “buried” in the waveguide core layer. The rigorous numerical
simulation results of the designed three-strip metal-dielectric structure fully confirmed the
obtained theoretical results and demonstrated the generation of an STOV in the slab waveguide.
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Study of the photoluminescence properties of subcritical InAs/GaAs quantum
dots formed onto structured substrates
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Abstract. In this work we study the optical properties of InAs quantum dots grown on the
GaAs(001) nanostructured surfaces at sub-critical thickness of deposition. For substrate
nanostructuring we used technique based on two-stage thermal desorption of native GaAs oxide
under molecular arsenic flux. The results of experimental studies showed the possibility of
guantum dots formation on structured surfaces at equivalent deposition thicknesses in the range of
0.5-1.5 ML. In this case, quantum dots are formed predominantly in nanoholes on the surface and
are high inhomogeneous in size. At the same time measurements by photoluminescence
spectroscopy showed broad (900 — 1100 nm) emission spectrum for quantum dot only for sample
with 1.5 ML of InAs. We hypothesize that at smaller thicknesses, the formed quantum dots become
smaller than the minimum acceptable sizes due to segregation effects during overgrowth. The use
of a structured surface also makes it possible to suppress the wetting layer formation — in the
photoluminescence spectra there are only lines of platelets, apparently formed on morphological
inhomogeneities outside the holes.

Keywords: native oxide, quantum dots, A3B5, molecular beam epitaxy, nanopatterning
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Introduction

The production of low-density quantum dots (QD) is becoming increasingly popular since
they underlie the sources of single and entangled photons that act as the elemental basis for
guantum communications and computing. One of the directions for obtaining low density quantum
dots is the use of preliminary structuring of the growth surface with subsequent deposition of the
guantum dot material. In this case, the nanoholes formed on the surface subsequently act as
nucleation centers for self-organizing nanostructures. Today, surface structuring methods have a
number of limitations that affect the optical qualities of subsequently formed quantum structures,
mainly due to contamination of the growth surface. In this work we experimentally demonstrate
the possibility of obtaining relatively low-density self-organizing InAs/GaAs quantum dots
obtained on the GaAs(001) nanostructured surfaces at sub-critical thickness of deposition with an
emission range of up to 1100 nm.

Materials and Methods

For experimental studies, we used GaAs(001) substrates with a pre-grown GaAs/AlGaAs
structure, on the surface of which native oxide film was then formed in air. To form nano-sized
holes, we used technique based on two-stage thermal desorption of native GaAs oxide under
molecular arsenic flux. Control of oxide removal was carried out in-situ using an integrated
RHEED system. At the next stage, an InAs layer with an equivalent thickness in the range of 0.5
— 1.5 ML was deposited. To study the optical properties, a GaAs/AlGaAs heterostructure was
grown on top of the structures prepared in this way. Uncapped structures were analyzed using
scanning electron and atomic force microscopy. The optical properties were analyzed using
photoluminescence spectroscopy.

Results and Discussion
SEM- and AFM-analysis of the surface of the uncapped samples showed that for all samples
deposited material accumulates in the nano-sized holes formed at the nanopatterning stage, thereby
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forming an array of inhomogeneous QDs. In this case, decreasing the amount of InAs from 1.5
ML to 1.0 ML leads to a pronounced decrease in their size. And it was found that the structures do
not assemble into obvious 3D objects after deposition of 0.5 ML. However, according to AFM
data, a decrease in the hole depth was observed, which indicates their filling with deposited
material and the localization of nanostructures within them. However, relevant assessment of the
size of such structures is difficult using AFM or SEM.
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Fig.1 — SEM images of a structured GaAs surface after deposition of 1.5 ML of InAs (a), PL spectra
for the same sample at different excitation power (b)

Figure 1b shows the photoluminescence spectra at different excitation powers for a sample
with 1.5 ML of InAs. It is noticeable that the spectrum contains a broad band in the wavelength
range of 870 — 1100 nm, which can be associated with In(Ga)As nanostructures. Analysis of the
PL spectra of this sample shows that with increasing excitation power, in addition to the QD peaks
(900 — 1100 nm), a low-intensity short-wavelength shoulder (850 — 900 nm) appears in the
spectrum. We associate this feature with the emission of so-called platelets — two-dimensional
structures formed on morphological inhomogeneities in the spaces between the hole with QDs. In
addition, there is no peak of the wetting layer in the spectrum, which indicates the suppression of
its formation during deposition on a structured surface.

On samples with smaller thicknesses (1.0 and 0.5 ML), the PL spectra do not have any
features characteristic of QD. This may be due to the fact that during the overgrowth process, part
of the QD material segregates, which leads to a decrease in their effective size below the limit at
which an electronic level exists in a quantum-sized system.

Conclusion
Thus, studies have been carried out on the formation and optical properties of subcritical
InAs/GaAs quantum dots on structured substrates. The possibility of obtaining subcritical QDs of
low density, emitting in the range of 900 — 1100 nm, has been demonstrated. The results obtained
can be used to develop a technological process for the formation of low-density InAs QDs in the
O- and, in the future, C-bands without a wetting layer.
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Abstract. In this work, the influence of passivation by lead-halide perovskite CsPbX3 (X =
Br, I, CI) on optical, luminescent, structural and morphological properties of semiconductor two-
dimensional quantum PbSe/PbS heterostructures of core/shell and core/wings types emitting in the
near-infrared region is investigated. It is shown that passivation of the two-dimensional quantum
structures surface leads to an improvement of their crystallinity expressed as a decrease in the full
width at half maximum (FWHM) of the PbSe band in the Raman spectra of the nanoplatelets
(NPIs); in addition, the build-up of the perovskite shell reduces the number of trap states, which
leads to a decrease in the radiation-free relaxation constant and an increase in the mean lifetime of
photoluminescence, while increasing the quantum yield of luminescence. Thus, this work provides
important information on how to improve the passivation of IR heterostructures by coating with
an inorganic perovskite ligand for photovoltaic or other optoelectronic applications.

Keywords: nanoplatelets, perovskite, passivation, heterostructures

Funding: This study was funded by the Russian Science Foundation, Project No. 21-73-
10131.

Introduction

Semiconductor quantum two-dimensional nanocrystals and heterostructures based on them
with optical transitions in the near-infrared region are a promising class of nanostructures used in
various optoelectronic and photonic devices. In the last decade, progress in their synthesis
techniques and optical properties was made, but they are still inferior to their analogues in the
visible range, which necessitates an in-depth methods study for obtaining this type of structures
and studying their fundamental properties. This work discusses the results of optimization of
structural and optical properties of two-dimensional PbSe/PbS heterostructures of core/shell and
core/wing types by passivation of their surface with inorganic perovskite CsPbXs (X = Br, I, ClI).

Materials and Methods

The two-dimensional PbSe/PbS heterostructures of core/shell and core/wing types were
obtained by cation exchange from initial CdSe/CdS heterostructures [1 - 3]. Passivation of the
surface of PbSe/PbS heterostructures by inorganic perovskite CsPbXs (X = Br, I, Cl) was carried
out by oleic acid replacement and subsequent phase transition, which occurred in the process of
mixing a nonpolar solvent, toluene, containing PbSe/PbS NPIs with a polar solvent,
dimethylformamide (DMF), containing perovskite ink precursors. To investigate the properties of
the samples, a series of films were deposited on the substrates by spin-coating and annealing in an
inert atmosphere.

The absorption spectra of the samples were measured on a UV-Probe 3600
spectrophotometer (Shimadzu); the photoluminescence (PL) signal under excitation by a 633 nm
laser was passed through an Acton SP2150i monochromator and recorded using an InGaAs/InP
avalanche single-photon diode (Micro Photon Devices). To evaluate the luminescence attenuation
kinetics, a complex consisting of a high-speed current amplifier FEMTO (Messtechnik) with a
Tektronix TDS2022B oscilloscope (Beaverton) was used for excitation using a 532 nm Nd:YAG
laser. The size and shape of the obtained two-dimensional heterostructures were controlled by
scanning electron microscopy (SEM) using MERLIN (Carl Zeiss and investigated by Solver PRO-
M (NT-MDT) atomic force microscopy (AFM). The chemical composition of the nanostructures
was determined by energy dispersive X-ray spectroscopy (EDX) and IR spectroscopy. The films
of two-dimensional nanoplatelets passivated with inorganic perovskite were also investigated by
Raman spectrometer InVia (Renishaw).
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Results and Discussion

NPIs films passivated with bromine and chlorine perovskites, in accordance with the AFM
and SEM images, have the worst uniformity, many cracks and other defects with high roughness
values. The obtained iodine films are characterized by a porous structure, which is formed by
individual nanoplatelets with maximum sizes reaching few microns. At the same time, studies of
the photoluminescence (PL) signal distribution at different points of the film showed a deviation
of the PL signal of 5%, which allows that the NPIs have a uniform distribution within the film.
Thus, iodine passivation was found to be the most suitable for the formation of thin films.

The Raman spectra indicates an improvement in the crystallinity of obtained
heterostructures, because the passivation by perovskite leads to a decrease in the half-width of the
characteristic peak corresponding to the LO-phonon of PbSe. EDX analysis of the elemental
composition of films showed that the difference in the I to Br ratios in the two types of structures
is probably due to differences in the cation exchange process of the initial NPlIs.

As a result of comparison of the PL spectra of perovskite-passivated films of both types of
NPLs, it was revealed that in the case of iodine-containing perovskites, the shift of PL maxima
compared to untreated NPLs is minimal and amounts to 26 nm. The use of chlorine-containing
perovskites leads to broadening of the spectrum and its red shift. When NPIs are treated with
bromine-containing perovskite, in the case of the core/shell structure there is a slight shift to lower
energies and an increase in the intensity of the PL signal, while in the case of the core/wings
structure there is a more significant red shift and a decrease in the PL intensity compared to the
iodine-containing analogue.

The build-up of iodine perovskite shell leads to the enhancement of the PL signal intensity
and the increase of the relative quantum yield: for NPIs of the core/shell type by 2.3 times, for the
core/wings heterostructure by 2.7 times. However, perovskite passivation leads to an increase in
the FWHM of PL band in the case of the core/shell structure by 10 meV and in the case of the
core/wings NPIs by 40 meV.

It was shown that the perovskite shell contributes to an increase in the mean lifetime of the
photoexcited state, which is explained by a decrease in the excitation-free relaxation constant of
the excited state because of a decrease in the number of trap states by passivation of surface
defects.

Conclusion
Passivation by CsPbls perovskite improves the optical properties of two-dimensional
heterostructures, as well as the morphology of formed thin films based on them. In addition, the
obtained films of core/shell heterostructures with perovskite matrix retain the spectral properties
of the original film during long-term storage in atmospheric conditions.
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Abstract. A single-pixel camera is an innovative technology for obtaining a single-photon
image using a radiation source, a spatial light modulator (SLM) and a single-photon detector. The
main advantage of this type of camera is the ability to work with a wide range of radiation sources,
single-photon sensitivity. Most types of SLM are suitable for working with the visible range, so it
is necessary to create an SLM for working in the IR range. In this paper, we will describe an
experiment of obtaining a single-photon image in the IR range with SLM based on the Nipkow
disk.

Keywords: Single Pixel Imaging (SPI), Spatial Light Modulator (SLM), Superconductive
Single Photon Detector (SSPD), disk, IR-range.

Introduction

The basis of any method of obtaining an image is the illumination of an object by a radiation
source and the further transformation of the received optical signal into an image of the object.
Digital cameras use a semiconductor photomatrix, consisting of photodiodes that convert optical
signals into digital, while the spectrum of radiation sources is relatively narrow. Single-pixel
imaging offers another way - the use of a Spatial Light Modulator (SLM) — the device, that turns
the initial radiation into the series of the spatial spots [1, 2]. In this case images are produced by
splitting the beam that illuminates the imaged object into sequences of binary patterns of different
intensities, which are recorded by the single detector.

There are many types of the SLMs — Digital Micromirror Devices (DMDs), Light Emitting
Diodes (LEDs), Liquid Crystal Devices (LCDs). But these SLMs has low speed of frame getting.
To increase speed there is on more type of SLM. It is a rotating disk [3] with a mask of holes based
on the Nipkow disk - a rotating circular plate who’s spirally arranged holes sequentially scan the
source beam. This type of SLM allows to get high speed frame getting, detect infrared photons.

In our work such SLM was developed and tested at 1550 nm - images of small metal object
in the infrared range were obtained.

Experimental setup

The experimental setup consists of 4 main elements: a laser radiation source, electrical motor
with rotating disk, an imaged object and a SSPD and two fiber collimators. Radiation source is
1550 nm laser. Leaving the source, the beam goes to the collimator through the fiber, then falls
orthogonally on the SLM. The disc with the mask of holes were designed in the program, and cut
out of cardboard covered with foil. The diameter of the disc is 105 mm, the size of the holes is 0.1
mm, the diameter of the beam is 3.3 mm, so a total of 33 holes were cut so that they could all scan
the entire beam. The speed of rotation of the disk is controlled by the applied voltage. Rotating
frequency was 64 Hz.

To determine the beginning of the first line in time, a synchronization system was used - a
diode and a photodiode arranged so that the disk rotates between them. A special hole was cut on
the disk so that when the diode shone through it, the first line was scanned. The signal from the
photodiode went to the pulse generator, and from it to the counter.



Passing through the disk, the beam splits into a sequence of spots that illuminate the object
and then goes to the output collimator, then goes through the fiber and get detected by the
SSPD. For each recorded photon, the detector generates an electric pulse, which is registered by
a time converted single photon counter (TCSPC). It outputs the dependencies of the received
counts per second on the measurement time for each line. This numerical data is processed by a
Python program, it converts the numbers into pixels of appropriate intensity according to the black-
and-white scale and places them under each other, forming an image.

Results

Radiation source was IR-ranged, beam was round-shaped, its size was 3.3 mm, so imaged
object’s size was comparable with beam diameter. To simplify data processing in further
experiments, firstly laser image without any object was pictured. Obtained result (fig 1(a)) is
33x516 pixels picture of the complete white spot.

Then small metallic object was placed between rotating disk and collimator — rectangular
screwdriver tip (fig.1(b)). Screwdriver tip was fixed horizontally. Comparing its picture with the
beam profile, it can be noticed, that screwdriver tip leaves rectangular dark spot right in the middle
of the picture (fig.1 (c)).

Fig. 1. Results. a) Beam profile picture; b) Screwdriver tip; ¢) Picture of the tip

Conclusion
A single-pixel camera with a rotating disk as an SLM was designed and tested
experimentally. Images of metal object in 1550 nm radiation were obtained. This proves the high
efficiency of such cameras, which is very important for their further use, for example, for the study
of cells of living biological tissues [4].
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Abstract. In this work, we study numerically the influence of plasmonic CuS nanoparticles
on the optical properties of silicate glass and on the dynamics of generation of frequency combs
in microcavities based on it. The optical properties of the composite under study were calculated
using the effective medium theory in the Maxwell Garnett approximation. The Lugiato-Lefever
model was used as a model to describe the dynamics of generation of frequency combs. In all
cases the dispersion around the pump frequency shows parabolic behavior and is anomalous. The
position of generated dispersive wave changes from 230 THz to 245 THz with increase in NP
diameter. The free spectral range of the comb is equal to 218.8 GHz. Spectral width and
dispersive wave position of the comb can be controlled by doping the WGM resonator material
with plasmonic CuS NPs of different size.

Keywords: whispering gallery mode resonators, plasmonic nanoparticles, Kerr frequency
comb, dispersive wave

Introduction

The unique characteristics of whispering gallery mode (WGM) resonators, such as
extremely high quality factor and small mode volume, make them attractive for a wide range of
applications, including sensors, lasers and, in particular, the generation of optical frequency
combs[1]. Recent studies have focused on controlling dispersive waves in Kerr combs by
manipulating the geometry of the WGM resonator, doping the resonator material and the pump
wavelength. Some semiconductor nanoparticles, like their metal counterparts, exhibit localized
surface plasmon resonance (LSPR) [2]. The position of the LSPR peak in these nanoparticles can
be finely adjusted by varying the doping level or the size of the nanoparticle. By doping the base
material of a WGM resonator with plasmonic semiconductor nanoparticles (NP), its refractive
index and thereby the integrated dispersion of the microcavity can be precisely controlled. The
purpose of this work is to numerically study the effect of plasmonic CuS nanoparticles on the
generation of Kerr frequency combs in a spherical WGM cavity.

Materials and Methods
The optical properties of the composite under study were calculated using the effective
medium theory in the Maxwell-Garnett approximation [3]. The finite element method was used
to calculate the resonant modes and integral dispersion of WGM resonator [4]. Lugiato-Lefever
model was used to describe the generation of frequency combs [5].

Results and Discussion

Fig. 1 shows the calculated integrated dispersion of the resonator around the pump
wavelength of 1550 nm for different composites. In all cases the dispersion around the pump
frequency shows parabolic behavior and is anomalous [4]. The position of the zero dispersion
point in high frequency part changes with varying NP size.

Fig 2. shows the simulated frequency comb spectra for different NP size. The position of
generated dispersive wave changes from 230 THz to 245 THz with increase in NP diameter. The
free spectral range of the comb is equal to 218.8 GHz. It changes slightly with varying NP size
due to the fact that NPs affect mainly the higher order dispersion components.
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Conclusion

The results of frequency comb simulation show that the spectral width and dispersive wave
position of the comb can be controlled by doping the WGM resonator material with plasmonic
CuS NPs of different size. The free spectral range of the comb lines remains constant as the NPs
affect mainly the higher order dispersion.
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Spectral and photocatalytic properties of Ag-AgCl nanostructures formed on surface of
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Abstract. In this work, the effectiveness of Ag-AgCl nanocrystals on the surface of silicate
glass as a photocatalyst, as well as its spectral properties, is studied. The degradation value of an
aqueous solution of methyl orange dye increased from 80 to 92% with increasing chlorine
concentration in the photocatalyst with Ag-AgCl nanostructures.
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Introduction

Currently, photocatalysts are being actively developed and used in various fields of science,
technology and medicine. However, the quantum efficiency of modern photocatalysts is relatively
low. This is mainly due to recombination processes between electrons in the conduction band and
holes in the valence band, which arise under the influence of light. One of the most promising
methods for suppressing recombination processes is the creation of noble metal nanoparticles in
the photocatalyst matrix, which act as electron “suppressors”.

Since the presence of nanoparticles on the glass surface is important for photocatalytic
applications, a promising tool for introducing silver into the glass composition is the ion exchange
method. lon exchange is the simplest and most effective way to create a layer on the surface of a
substance with ions of another substance.

The photocatalytic properties of Ag-AgBr and Ag-AgCl structures were previously studied
in [1, 2]. Thus, according to [2], a photocatalyst with Ag-AgBr particles is capable of decomposing
more than 80% of methyl orange dye in 2 minutes under solar radiation. However, the properties
of Ag-AgCl photocatalyst based on sodium silicate glass have not yet been studied.

The aim of this paper is study of the spectral and photocatalytic properties of a photocatalyst
with Ag-AgCl nanostructures in layers of sodium silicate glass formed by ion-exchange.

Materials and Methods

The photocatalyst was created based on a matrix of sodium silicate glass
Na;0—ZnO—Al103—SiO>—F doped with CeO., Sh.O3, Cl. The CI concentration in the glass was
0.5 and 1 mol. %. The 1 mm thick sample was carefully ground and polished.

The next step was to perform ion exchange on the sample in the AgNO3/NaNOs melt (5
mol.%/95 mol.%, respectively). lon exchange was carried out at 320°C for 15 minutes.

The last stage of sample preparation was additional heat treatment of the sample above the
glass transition temperature. The treatment temperature was 500°C for 3 hours. After each stage,
absorption spectra were measured.

The photocatalytic properties of the sample were then measured by measuring the absorption
properties of an aqueous solution of methyl orange dye before and after irradiation. Its initial
concentration was about 1 mg/100 ml of water.

The solution together with the photocatalyst was subjected to broadband irradiation every 5
minutes. After each period, the absorption spectrum of the solution was measured. All spectra were
measured using a Perkin-Elmer lambda 650 spectrophotometer.

Results and Discussion



After heat treatment (blue graph), the resulting Ag-AgClI nanocrystals were absorbed. The
position of this absorption peak (450 and 470 nm) of silver nanoparticles is slightly shifted to
longer wavelengths relative to the spectrum of glass without chlorine from [3]. The displacement
itself increases with increasing chlorine concentration and is caused by the growth of AgCI/NaCl
shells around silver particles (Figure 1).
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Fig. 1. Absorption of Ag-AgCl nanostructures in ion exchange layers of silicate glass with 0.5 and 1 mol.
% chlorine concentration

Figure 2 shows the dependence of the value of degradation of an aqueous solution of methyl
orange dye on the chlorine concentration. The amount of degradation of an aqueous solution of
methyl orange dye was calculated from the ratio of the dye absorption amplitude after irradiation
to the dye absorption amplitude before irradiation. The amount of degradation of an aqueous
solution of methyl orange dye increased with increasing chlorine concentration and amounted to
80 and 92%, respectively. The reason for the increase in the C/Cq value is the formation of hot
electrons on the surface of the sample due to the transfer of these charge carriers from silver
chloride to silver nanoparticles, which enhance the effect of destruction of the dye molecule with
increasing chlorine concentration.
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Fig. 2. The dependence of the value of degradation of an aqueous solution of methyl orange
dye on the chlorine concentration

Conclusion
The work assessed the photocatalytic degradation of an aqueous solution of methyl orange
dye in the presence of a photocatalyst with Ag-AgCl nanostructures on the surface of silicate glass
formed by the ion exchange method. It was shown that with increasing concentration of Ag-AgCl
nanostructures, the C/Co ratio increases from 80% to 92%, associated with photocatalytic
degradation of the dye.
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Abstract. In this work we study the optical response of mesoporous SiO> and Si/SiO;
nanoparticles considering different fabrication and post-synthesis treatment processes. We show that
thermal annealing of mesoporous Si/SiO nanoparticles transforms the Si phase from amorphous to
crystalline and enhances the second harmonic generation response.
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Introduction

For efficient second harmonic generation (SHG) in bulk silicon, special conditions are
required. This paper proposes the use of mesoporous nanoparticles with SiO> framework filled with
Si phase, which may find applications in the nanophotonic field as a replacement for electronic
modulators with optical modulators ones as in the [1-3]. The advantage of using dielectric resonant
structures is due to the fact that modulators are based on waveguides wrapped with two-dimensional
materials much larger than the wavelength [4]. The various Si/SiO; and SiO; mesoporous
nanoparticles were used to compare the performance of SHG pump. Annealing of Si improves the
nonlinear characteristics of the nanoparticles. The heat-treated Si/SiO> nanoparticles exhibit
broadband photoluminescence under fs-laser excitation. The results obtained confirm the efficiency
of mesoporous Si/SiO; nanoparticles for second harmonic generation [5].

Results and Discussion

Spherical mesoporous SiO2 and Si/SiO2 nanoparticles were synthesized according to [6].
The optical studies were carried out using a confocal laser-scanning microscope setup (LSM-980,
Zeiss, Germany). Femtosecond laser pulses (Discovery-NX, Coherent, USA) with a repetition rate
of 80 MHz, duration of 150 fs, and pulse wavelength range of 800-1020 nm were delivered through
the external acousto-optic modulator port of the LSM. The spectral characteristics of the nonlinear
response were obtained in the range of 900-980 nm.

SHG-to-pump curves for the obtained particles are shown in Fig. 1. The slope of 2.3 is in
agreement with data reported in the literature, and the strong signal indicates an efficient SHG
process that is related to the presence of OH™ groups (Figure 1) [7]. Note, that the SiO2 NPs with
high hydroxy-groups content did not demonstrate significant changes of SH intensity due to the fs-
laser annealing, indicating thermal stability of OH" group-related SHG in SiO> NPs. It is
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experimentally revealed that the mesoporous SiO» framework in Si/SiO> nanoparticles not only
stabilizes the Si material, but also influences the SHG signal. The observed wide-range optical
response of Si/SiO> nanoparticles makes them promising for visualization of IR radiation.
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Fig. 1. SHG-to-pump curves for a) reference SiO2 NPs, b) thermally annealed and c¢) as-synthesized meso
Si/Si0, NPs. For b) and c) the green curves correspond to initial measurements, purple curves - to the
repeated measurements. The colored areas in c) present follows: green area - normal SHG response, blue area
- an increased slope on SHG response, purple area - irreversible sample damage

Conclusion
Thus, mesoporous SiO> framework of the Si/SiO; nanoparticles stabilizes the Si material and
also the Si02:OH  material influences the observed second harmonic signal. The proposed
mesoporous Si/Si0: nanoparticles can be considered as a promising structure for applications in
different fields.
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Abstract. Terahertz amplification and lasing regimes in a metal groove with population
inverted (active) graphene are studied theoretically. Terahertz amplification and lasing arise at
the Fabry-Perot resonance in the graphene substrate in vicinity of the cut-off frequency of the
metal groove.
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Introduction

Elaboration of new concepts of terahertz (THz) lasers is one of the vibrant trends in
modern THz photonics. Terahertz laser based on optically pumped graphene was proposed in
[1]. A concept of THz laser based on stimulated generation of plasmons in a planar array of
graphene nanocavities was reported in [2]. A graphene-based THz surface emitting laser with
diffusion pumping was proposed in [3].

In this paper, we theoretically study the THz amplification and lasing in a metal groove
with active (population inverted) graphene. The structure under consideration is schematically
shown in Fig.1a. Graphene is deposited on a dielectric substrate with dielectric constant &, and

thickness d, which is placed on the bottom of rectangular metal groove of width L and infinite
depth. We assume that the lowest-order TE mode (having non-zero field components Ex, Hy, H;)
incident normally upon graphene reflects from the structure being amplified when interacting
with the active graphene.

Method
Solving the Maxwell equations with conventional electromagnetic boundary conditions
in the graphene plane and on metal boundaries of the groove, we arrive at the following relation
for the power reflection coefficient of the incident TE wave:
2
Y, —Y,

ch 1
Y, +Y, ' 1)

load

R =

load

where Ych and Yiead are the characteristic admittance of the lowest-order incident TE mode of the
hollow parallel-plate metal waveguide above graphene and the admittance of the terminal load
(including graphene and dielectric substrate), respectively. These admittances are defined as

k k,cth(ik,d
Y, = a_ Y, = a(w)+wi (2
Wy Wy

where wand o are the angular frequency and magnetic constant, respectively, O'(a)) denotes

the dynamic conductivity of active graphene [4], and

2 2
kYa = (%j _kzz’ kys =4/%s (QJ _k12 (3)
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are the normal-to-graphene-plane components of the wavevector of TE mode in the parallel-plate
metal waveguide above graphene and in the substrate, respectively, with ¢ being the speed of

light, and k, = /L (for the lowest-order TE mode).

Results and Discussion
In Fig. 1b, we present the reflection spectrum of the incident wave in dependence on
frequency and the groove width for the substrate thickness d =7.7 um (corresponding to the
Fabry-Perot resonance in the substrate), the quasi-Fermi energy value 27 meV, the mean free
time of the charge carriers in graphene 1 ps, and charge carriers temperature 300 K. The
frequency region below the cut-off frequency of the incident lowest-order TE mode of parallel-
plate metal waveguide, f,=c/2L, is shown in grey color. One can see the reflection resonance

near the cut-off frequency. Increase of the groove width L leads to the increase of k, which,

enhances the electrical width of the substrate and, hence, decreases the frequency of the Fabry-
Perot resonance in the substrate. Amplification of the incident wave considerably enhances at the
Fabry-Perot resonance in the substrate in vicinity of the cut-off frequency of the parallel-plate
metal waveguide above graphene, reaching the infinite value at certain parameter values, which
corresponds to THz lasing (see the inset in Fig. 1b). Terahertz lasing develops for a relatively

small quasi-Fermi energy values which may be useful for low threshold lasing regime.
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Fig. 1. a) The structure under consideration. b) Reflection spectrum in dependence on frequency and the
groove width. The region below the cut-off frequency is marked by grey color. The inset represents the
section of the raster map for L = 30 um shown by vertical dashed straight line.

Conclusion
Terahertz amplification and lasing regimes in a metal groove with the population inverted
(active) graphene are studied theoretically. Terahertz lasing develops at the Fabry-Perot
resonance in graphene substrate in vicinity of the cut-off frequency of the parallel-plate metal
waveguide above graphene.
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Abstract. One of the promising materials enabling tuning in photonic devices is the class of
chalcogenide optical phase-change materials (PCMs), such as Ge>SboTes (GST). These materials
exhibit stable amorphous and crystalline phase states at normal conditions, while offering quick
(ns-) optical response and prominent optical contrast, which can be induced by fs-laser stimuli.
Direct laser patterning of phase distribution of thin PCM films is usually realized through a point-
by-point approach, where the phase state is locally switched. Although this technique is
straightforward, it significantly limits the potential switching speeds. In this work, we study laser-
induced phase transition in GST films using a spatial light modulator. We demonstrate that this
approach enables fast and reversible patterning of large-scale areas of the material.
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Introduction

Phase change materials enable variety of applications for tunable photonics, due to
combination of such properties as nonvolatality, ns-switching speeds and large refractive index
contrast (An up to 2 units) [1]. Direct laser writing applied for PCMs has shown its richness, as
recently demonstrated for the direct imprinting and rewriting of photonic integrated circuits (PICs)
without additional fabrication processes [2]. This technique can be further advanced by combining
with a spatial light modulator (SLM), which has been successfully applied for precision phase
modulation in holographic displays, optical tweezers and lithography [3]. Possibility of using a
SLM for the crystallization of thick (1 um) GSST films was demonstrated earlier [4]. In this work
we focus on applications for integrated devices, studying the laser-induced phase transition in 20
nm thick GST films deposited on top of a silicon nitride guiding layer. We show that the SLM
enables large-scale — up to tens of microns — reversible crystallization and reamorphization of the
PCM and demonstrate the possibility of multilevel crystallization using fs-laser irradiation.

Materials and Methods

Amorphous GST films with a thickness of 20 nm were deposited using a DC magnetron
sputtering system on a thermally oxidized silicon wafers with a 450 nm thick stoichiometric low
pressure chemical vapor deposited (LPCVD) silicon nitride (Si3N4) layer. The pressure of Ar ions
during the GST deposition process was 4 mTorr, the sputtering power was 25 W.

Figure 1a shows a schematic of the optical setup. For laser sources, we utilized a Yb:KGW
femtosecond laser system PHAROS, which operates at 1030 nm with a pulse duration of 290 fs,
and a continuous wave (CW) laser that works at 1064 nm. Light modulation was realized with a
reflective phase-only SLM Holoeye Pluto-2. The laser beam was focused on the sample with a
Zeiss A-Plan 60x objective when using the CW laser source and through a 10x Mitutoyo M Plan
Apo NIR objective with the fs-laser. Phase masks for the SLM were calculated using Fidoc
algorithm [5].

Results and Discussion
We find out that CW laser irradiation enables the formation of binary patterns (grating
couplers), consisting either of fully crystallized or amorphous areas (see Fig. 1b). This can be
attributed to the continuous stimulation of the material, causing stationary heating and subsequent
full crystallization in the intensity maxima. Irradiation of the film with fs-pulses induce temporal

1



heating of the film. With relatively small pulse amplitude, insufficient for single-pulse full
crystallization, multi-pulse exposure can result in gradual modificaton with intermediate values of
GST refractive index, which appear as a grayscale image in visible light (see Fig. 1¢) [6].
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Fig. 1. Large-scale GST laser patterning. a) schematic of the optical setup; here HWP — half-wave plate,
SLM — spatial light modulator, GP — Glan polarizer, M — mirror, L — lens; dashed lines denote distance
between the optical elements equal to the focal length of lenses. b) and ¢) phase masks on SLM
reconstructed with Fidoc algorithm and intensity distributions in focal plane of the objective.

Conclusion
In this work we have explored large-scale phase modification in a thin GST film integrated
with a silicon nitride planar waveguide, using a spatial light modulator. We have demonstrated the
formation of binary and gradient phase patterns induced by CW and fs-laser irradiation. We find
out that fs-pulses enable multilevel phase modulation and its single-shot erasing. The proposed
method of large-scale phase modification opens the way for fast direct laser imprinting in PCMs
for tunable PICs or grayscale imaging and holography.
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Abstract. A methodology was developed for determining spectroscopic markers
characterizing the state of wood material, which underlies cultural heritage objects. A
standardized and controlled approach for background removal in Raman spectra is proposed on
the example of antique icons. This approach makes it possible to determine the ratio of
intensities in the Raman spectra of antique icons to determine the parameters characterizing the
degree of crystallinity/amorphousness and degradation of cultural heritage samples.
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Introduction

Identification of the composition and characterization of the state of wood material is an
urgent and demanded task for cultural heritage sites. Fourier transform infrared spectroscopy
(FTIR) and micro-Raman spectroscopy are non-destructive techniques widely used to analyze
the wood base of antique icons [1]. Raman spectroscopy of cultural heritage requires robust data
processing approaches to accurately compare spectra with minimal errors [2-3]. The complexity
of the problem is explained by the fact that the probability of Raman scattering of light is several
orders of magnitude lower compared to elastic light scattering and fluorescence. Thus reliable
background removal in Raman spectra is a time-consuming but at the same time important step
in determining the relative intensities of specific lines in Raman spectra [2-3].

Materials and methods

Micro-Raman scattering measurements were made at room temperature using a Bruker
spectrometer (OPUS software) with a 785 nm laser line with a spectral resolution of 9.18 cm™.
The laser power was 50 mW, the objective lens was 10x 0.3NA, the exposure time and number
of accumulations were 5s and 20, respectively. For each icon, 20-35 spectra were obtained.
Infrared absorption spectra were collected using a Bruker Lumos Il FTIR microscope-
spectrometer in ATR mode with an average of 1000 scans.

The objects of the study were ancient icons: "St. Nicholas in Height, Below the Discovery
of His Relics” (author unknown), "Vasily the Holy Fool and Artemy of Verkola" (author
unknown), Our Lady "Joy of All Who Sorrow™ (author unknown), "Savior in Strength” (author
unknown), "Savior in Strength" (author — Dionysius), "Xenia of St. Petersburg" (author — F.I.
Sorokin), modern dried linden.

Results and discussion

The analysis of samples may depend on the way the experimental data are processed. In
this regard, the background subtraction in the Raman spectra of the samples was compared in
several ways. The first one is to subtract the background using the OPUS software installed with
the Bruker Raman spectrometer.

The following variants were made in the MATLAB programming language. The second
option was to subtract a polynomial of a given degree (polynomial approximation). The
experimental data above the approximation are replaced by the polynomial values [2-3]. Then
this approximation is continued a specified number of times. As a result of this procedure, a
smooth background is determined, which is subtracted from the experimental data to obtain
Raman spectra (Fig. 1). The next option was to subtract the background using the moving
average method. A certain number of points in the window for smoothing are selected. After
that, the resulting spectrum is smoothed again a specified number of times to obtain a smooth
background. In addition, other methods for determining a smooth background were developed, in
particular using neural networks.
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The main idea is to find a smooth background, obtained in a uniform manner, to determine
the relative intensities of specific lines in the Raman spectra of antique icons (Fig. 2). The ratios
of the obtained intensities were used to determine spectroscopic markers that determine the
parameters of the wood bases of antique icons. These markers characterize the degree of
crystallinity/amorphousness and degradation of cultural heritage samples [4-5]. In this regard,
the accuracy of determining the position of the spectrum peaks plays a significant role (Fig. 3).
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Figure 2. Comparison Figure 3. Spectral markers
of Raman spectra for the icon that determine the condition of
of the Mother of God “Joy of the wood base of ancient icons.
All 'Who Sorrow” obtained
using standard OPUS
software and the moving
average method.

Also, the age marker of the difference between the icons can be the water content (degree
of drying), determined by IR spectroscopy.

Figure 1. Subtraction of
the background from the
Raman spectrum of cellulose
using the polynomial
approximation method and
the moving average method.

Conclusion

Different options of subtraction of the baseline for Raman spectra are proposed in order to
find spectroscopic markers characterizing the state of the wood bases of antique icons. The main
advantage of the presented methods of background removal is that the process of determining the
background is controlled and can be performed uniformly for all antique icons under study.
Accordingly, it becomes possible to reliably identify markers to determine the status of cultural
heritage samples [1,4,5].
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Abstract. This study investigates spherical microresonators containing molecular silver
clusters for sensing applications. Silver is introduced into glass through a low-temperature ion
exchange process with silver nitrate and sodium nitrate, creating unique optical properties. This
study examines luminescence in the visible range (400-600 nm) upon excitation with long-
wavelength UV light (360—410 nm), offering potential for sensing applications. Based on the
results of a study of optical characteristics, the formation of Ags molecular clusters in glass was
confirmed. For lexc = 370-390 nm, luminescence in the spectral range 450-700 nm is determined
mainly by the Ag> and Ags MCs, and in the spectral range 550-650 nm - by the Ags MCs. The
peak at 616 nm can be attributed to the silver trimer. Therefore, it can be concluded that after ion
exchange, most of the silver is present in the form of silver ions, which do not contribute to the
luminescence.

Keywords: microspheres; silver molecular clusters; microresonators; luminescence; sensor
technologies.
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Introduction

The study focuses on a new material for use in WGM sensors. We were particularly intrigued
by silicate glass microspheres filled with ions and neutral Molecular Clusters (MCs) of silver. Such
glasses demonstrate a high quantum yield of luminescence in the visible spectrum and also exhibit
resistance to degradation, which is important for use in sensors [1]. One of the challenges faced
by such sensors is the need for direct coupling between the WGM resonator and external optics,
such as a tapered optical fiber or bus waveguide, to achieve phase-matched evanescent coupling
[2]. An alternative route involves WGM sensors with optically active resonators [3], facilitating
UV excitation using LEDs and remote sensing via free-space optics.

Materials and Methods

To obtain glasses with molecular silver clusters, the Low-Temperature lon Exchange (LTIE)
method was used. Its simplicity allows silver ions to be concentrated near the glass surface. Despite
more than half a century of research into glasses filled with Ag+ ions and silver ions produced by
lon Exchange (IE), their full potential remains largely untapped.

lon exchange took place in a molten mixture of silver nitrate (AgNQOs3) and sodium nitrate
(NaNO3) salts at 330 °C for 15 minutes. To study the properties of the resulting glasses in one
crucible, glass plates of identical composition with a thickness of 0.17 mm were also subjected to
the same process.

The study of the optical properties of the obtained samples included both absorption
measurements and measurements of luminescence spectra. For all luminescence measurements,
the integration time was 0.1 s.

Results and Discussion
In soda-silicate glass, silver initially exists in the form of Ag+ ions. Structural defects in
glass may contain unbalanced negative charges arising from various sources, such as lattice defects
or additional ions forming negatively charged regions. When electronic defects coexist near these
structural defects, Ag+ ions upon heating are easily reduced to neutral silver atoms AgO0, releasing



electrons. These Ag0 atoms can combine into molecular clusters, potentially consisting of multiple
silver atoms, each with distinctive optical and electronic characteristics.
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Fig. 1. (@) Sample luminescence peaks; (b) luminescence spectrum at excitation wavelengths of 390 and
370 nm. (c) optical density of produced glass.

Figure 1(a) shows the resulting luminescence spectrum of the sample at an excitation
wavelength of 370 nm. The spectrum shows a peak of luminescence [4] and phosphorescence [5]
of Ags molecular clusters. Absorbance spectrum shows a shift of the main absorption line by 15
nm.

Conclusion

Luminescence measurements demonstrated a broad emission band in the visible spectrum,
especially in the 500-900 nm range, confirming the formation of Ags MCs during the LTIE process.
Such glass containing silver MCs can be used as a material for active spherical microresonators.
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Abstract. This work is devoted to the study and computational modeling of nonlinear
phenomena in silicon slot waveguide structures. The developed model is analyzed using
computational methods such as the finite element method (FEM), the finite difference method in
the time domain (FDTD) and the singular perturbation technique (SPT), as well as optimization of
the geometric parameters of the device using a genetic algorithm and machine learning methods.

Keywords: nonlinearity, doped polymers, slot waveguides, genetic algorithm

Introduction

The silicon technological foundation has the great potential in conjunction with electronics,
photonics and quantum technologies. It has opportunities in performing as solution for growing
demands in such applications as data processing and telecommunications industry. Using the linear
optical phenomena significant quantity of devices have been implemented on the SOI platform,
for example optical buffers, interconnections [1] and sensors.

The second and third-order nonlinearities provide optical power losses, but in same time
nonlinear optical effects may lead to new applications such as multiplexing and modulating
signals. Therefore, researchers come across with the new challenge — to create the device with
minimal losses and best functional characteristics.

Materials and Methods

The second-order nonlinearity in silicon remains absent due to the centrosymmetric crystal
structure, while the third-order nonlinearity is sufficiently low, and it is accompanied by the effect
of two-photon absorption (TPA) and TPA-induced absorption of free carriers. To overcome these
limitations, various materials were analyzed, including silicon-organics hybrids (SOH), which also
has strong second and third-order nonlinearities [2]. The propagation of optical mode in waveguide
structures is influenced by both the properties of silicon and SOH materials [3].

Currently, the model of slot waveguide with nonlinear properties is under development. It
consists of silicon strips with a high refractive index and a nanoscale gap with a low refractive
index, which formed between them as shown in Fig. 1. The unique advantage of the slot waveguide
structure is that the electromagnetic field is concentrated inside the slot, as shown in Fig.2, thus
nonlinearity in the silicon material becomes less significant, and the nonlinear response is
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Fig. 1. Planar overview of waveguide parameters Fig. 2. Mode profile



determined by the material deposited between the silicon strip waveguides. This configuration is
capable of providing new applications, such as optical waveguide commutation, fully optical
switching and sensor technologies due to the advantages such as high efficiency and integration
with new CMOS-compatible materials.

Organic compounds or doped polymers can be embedded to fill the gap in the structure of a
slot waveguide, demonstrating the second- and third-order nonlinear response. In this research, the
polymer OrmoCore was selected. Such polymer-coated structures provide great potential for high-
speed electro-optical modulators and optical data processing devices [4].

The nonlinear phase shift was caused in the slot waveguide by the nonlinear optical Kerr
effect. The analysis of this structure is carried out using software for modeling based on the finite
element method (FEM) and the finite difference method in the time domain (FDTD). In order to
minimize optical losses, it was decided to optimize the geometric parameters of the model using
machine learning methods. An analytical approach to obtain the parameters of a slot waveguide
with nonlinear characteristics using the singular perturbation technique (SPT) is also considered.
SPT is used to study the behavior of waveguides with spatial perturbation [5] and weak second-
and third-order nonlinearities, leading to solutions with sufficiently high accuracy [6].

Results and Discussion

In the conducted research, silicon-organic hybrids materials were analyzed. The modeling
of the structure was carried out during which the distribution of fields in the structure was revealed
depending on the characteristics of the source and the geometric parameters of the slot waveguide.
A value for the minimum effective area of nonlinear interaction was also obtained, which is crucial
in order to improve the characteristics of waveguides by optimizing geometric parameters,
increasing FOM of the device.

Furthermore, an optimization model based on a genetic algorithm has been developed [7] in
order to reduce the losses of optical signal power by varying the geometric parameters of the
structure and determining their combination to achieve maximum efficiency.

Thus, computational modeling in the conducted research allows us to analyze the nature of
optical mode propagation in the structure of a slot waveguide and propose an optimal geometry to
improve the nonlinear response with minimal power losses.
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Abstract. In this work, we investigated the change of the size and elemental composition of
zinc aluminate nanoparticles synthesized in a gas discharge in the dependence on the geometric
dimensions of cylindrical electrodes. We used electrodes made of aluminum with different surface
areas as a cathode, and a zinc electrode as an anode. It was found that diameter of primary particle
varies from 12.8 nm to 18.6 nm. A range of sizes of aerosol nanoparticle agglomerates and the
mass ratio of zinc to aluminum are well approximated by an increasing linear functions of erosion
surface of aluminum electrode.
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Introduction

In modern times, the task of creating new sources of visible and ultraviolet radiation is
urgent. Such sources are a cathodoluminescent source, which is a vacuum tube with an electron
gun and a fluorescent screen, as well as a solid-state fluorescent light source. The most important
component of such radiation sources is the cathodoluminophore, which converts the energy of
accelerated electrons into visible or ultraviolet radiation. One of these substances is zinc aluminate
[1]. There are several ways to obtain its nanoparticles. One of them is a gas discharge [2], which
was used to synthesize particles in this work. This study aims to investigate the sizes of
nanoparticles obtained at different electrode sizes, which will allow in the future to obtain particles
of the required size.

Materials and Methods

The synthesis was carried out on an installation consisting of a gas discharge chamber and a
gas path [2]. A capacitor 107 nF was used for discharge, a voltage of 1.5 kV and a current value
of 60 mA were set on the generator, which made it possible to achieve a discharge frequency of
500 Hz. Pure Ar 4.8 with a flow rate of 600 ml/min was used as the carrier gas, in which self-
passivation of the obtained particles was carried out for 20 hours after synthesis.

Studies of the crystal structure, particle sizes and elemental composition of nanoparticles,
were carried out using transmission electron microscopy (TEM) JEM-2100 (JEOL, Ltd., Tokyo,
Japan) with energy dispersive X-ray analysis Oxford X-MaxN, data on the particle size distribution
of agglomerates were obtained using the aerosol spectrometer TSI SMPS 3936.

Results and Discussion

Based on the images obtained on the TEM (fig. 1a), a primary particle size distribution was
obtained for each surface area of the electrodes. It was found that the particle sizes range from
12.8 £ 0.2 nmto 18.6 £ 0.5 nm regardless of the size of the aluminum electrode. To determine the
elemental composition of the particles obtained, spectra obtained by energy dispersion analysis on
TEM were taken (fig. 1b), from which the mass fraction of each element of the mixture of
nanoparticles was calculated. The minimum value of the ratio of the mass fraction of zinc to
aluminum is 2.5 with an aluminum electrode area of 37,7 mm? and increases to 20 when the area
is 188,5 mm? (fig. 1c). The size distribution of agglomerates of particles obtained during synthesis
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using an aerosol spectrometer was also determined. A range of sizes of nanoparticle agglomerates
was obtained: from 88 £ 2 nm to 139 + 1 nm and is described by an increasing linear function (fig.
1d).
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Fig. 1. Characterization of nanoparticle: typical TEM image of primary nanoparticles in an
agglomerate the particle image obtained on the TEM (a); EDX spectrum of an agglomerate (b); The
dependence of the ratio of the mass fractions of zinc and aluminum on the surface area of the aluminum
electrode (c); The dependence of the size of agglomerates on the surface area of the aluminum electrode

(d)
Conclusion

It was found that the sizes of nanoparticles obtained during synthesis vary from 13 nm to 19
nm regardless the erosion surface of aluminum electrode. At the same time, there is a linear
dependence of the size of the aerosol agglomerates on the surface area of the aluminum electrode.
The sizes of agglomerates increase from 88 nm to 139 nm and the ratio of the mass fraction of zinc
to the mass fraction of aluminum enlarges from 7 to 20 when the erosion surface grows from 37,7
mm? to 188,5 mm?.
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Abstract. This work demonstrates synthesis Al metal nanoparticles with plasmon resonance
in the ultraviolet region by the spark discharge method in an argon atmosphere. The resulting
primary particles have an Al metal core and a natural oxide shell and size in range from 5 to 50 nm.
Importantly, these nanoparticle ensembles show wide extinction peaks, with the highest point
between 250 and 480 nm wavelength. The position of the peak can be varied by synthesis
parameters. During our research, we employed laser radiation at a wavelength of 355 nm, with
pulse energies reaching up to 350 uJ and pulse repetition rates of up to 2000 Hz. We observed that
the sintering process of nanoparticles exhibited a dynamic change in size, which correlated with
the energy of the laser pulses. This dependence was illustrated by an S-shaped shrinkage curve.
By subjecting the initial agglomerates to a series of impacting laser pulses, we successfully
achieved complete sintering, resulting in the transformation of the agglomerates into spherical
nanoparticles.
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Introduction

Al nanoparticles are interesting due to their light absorption properties in the UV range,
which has applications in light harvesting using solar cells, as well as enhancing light absorption
in thin silicon solar cells. The reason behind this property is that Al nanoparticles are capable of
absorbing light as a result of their interaction with conduction electrons and surface plasmon
resonance, making them effective light absorbers. In addition, Al nanoparticles with different sizes
have different optical properties. Al nanoparticles that are small in size will act as excellent UV
absorbers, while for bigger particles, this would be the role of an optical scatterer. There is active
research in this area, and emerging applications of plasmonics are still being identified through
ongoing research and development activities.

Materials and Methods

The spark discharge method was used to obtain Al nanoparticles [1]. Synthesis was carried
out in argon of purity 6.0 at pressure of 1,2 atm and flow of 50 mL/min with the following
conditions: capacitor of 107 nF, pulse repetition rate of 500 Hz and discharge voltage of 2 kV.
Pairs of hollow aluminum cylinders with an outer diameter of 4 mm and an inner diameter of 2 mm
were used as consumable electrodes in the setup. To conduct studies of the interaction of optical
radiation with aerosol nanoparticles a specially designed laser modification cell was used, which
made it possible to combine the aerosol flow with optical radiation along its length. The
construction of laser modulation cell is described in [2]. The agglomerates size distribution in the
flow was measured using a TSI SMPS 3936 Aerosol spectrometer. The impact on aerosol Al NPs
was studied by nanosecond pulsed laser (CNI AO-355A) with wavelength of 355 nm, pulse
repetition rate in the range of 0,2 to 10 kHz with a step of 100 Hz, pulse width of 15 ns and pulse
energy in the range of up to 350 pJ. Aerosol HEPA filter were installed in the cell to collect NPs
after the cell and deposited particles on it for 30 minutes, with laser frequencies 200, 1500 and
2000 Hz. Absorption spectra of nanoparticles in isopropanol solution were obtained using a
JASCO V-770 spectrophotometer.



Results and Discussion
The change in mean diameter of the agglomerates with varying 355 nm laser energy due to
sintering shows a size reduction from ~460 to ~290 nm (Fig. 1).
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Fig. 1. Dependence of the average particle diameter of the agglomerates on the laser power (a), TEM
image of typical particles (b) at laser pulse frequency of 1500 Hz and a gas flow of 50 mL/min.

From the obtained TEM images, we collected statistics on the diameters of the modified
spherical NPs, processing an average of 500 pieces, and rounding them as spheres, and the sizes
of the spherical nanoparticles correlate correctly with increasing gas flow rate. Most of the particles
in all samples are characterized by sizes in the range from 5 to 50 nm. For samples interacting with
the ultraviolet laser, the range increases from 5 to about 100 nm with some single particles with
sizes of up to 140 nm.

According to spectrophotometry data, it has been proven that the absorption of aluminum
after laser sintering is characterized by pronounced plasmonic absorption peaks in the ultraviolet
region at position 218 nm.

Conclusion
We demonstrated that using the gas discharge method Al nanoparticles with plasmon
resonance in the ultraviolet region can be produced. The results correspond with studies using
thermal modification in which Al nanoparticles have weakly pronounced plasmonic peaks at
275 nm. The appearance of the second peak is caused by presence of large particles. Due to the
spectral dependences of the absorption regions of NPs with an increase in the NP diameter, the
maximum shifts to the long-wavelength region of the spectrum and expands.
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Abstract. In recent years, ternary AgInS; quantum dots (QDs) have attracted considerable
interest due to their non-toxicity and remarkable optical properties, such as a direct bandgap, high
photoluminescence quantum yield in the visible and near-infrared regions, and long
photoluminescence lifetimes. However, there is still limited information available on the size-
dependent photoluminescence properties of AgInS> QDs, which could provide more insights into
the mechanisms of their emission. In this work, a detailed spectrally- and time-resolved
photoluminescence study of size-selected AgInS, QDs has been performed using time-correlated
single photon counting based photoluminescence spectroscopy equipped with a set of bandpass
filters. It has been shown that AgInS> QDs exhibit a strong dependence of the photoluminescence
lifetime on the emission wavelength, which is not observed for conventional binary chalcogenide
QDs. Furthermore, the nature of this dependence varies for different-sized QDs. The obtained
results support the applicability of the radiative recombination of donor-acceptor pairs model to
describe the emission mechanisms in AgInS, QDs.
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Introduction

Recently, ternary I-III-VI quantum dots (QDs), including AgInS,, have gained much
attention as a less toxic alternative to conventional binary I[I-VI and IV-VI nanocrystals [1]. Due
to their low toxicity and large extinction coefficient in the visible to near-infrared wavelength
range, AgInS; QDs have become particularly promising for applications in solar light energy
conversion systems [2]. In addition, such nanocrystals exhibit high photoluminescence quantum
yield and tunable spectrally broad emission extending to the 600-800 nm optical window, making
them suitable probes for bioimaging and biolabeling [3]. However, many intriguing features of
ternary AgInS; QDs, as well as the nature of their photoluminescence, remain unclear, leading to
an increasing interest in the photophysical studies of these nanocrystals. In this work, a detailed
analysis of the size-dependent photoluminescence decay kinetics of AgInS, QDs is performed,
leading to a better understanding of the mechanisms behind the emission of such nanocrystals.

Materials and Methods

Colloidal AgInS; QDs capped with glutathione were synthesized according to a previously
published procedure [1]. To obtain different size fractions of QDs, the stock solution was
centrifuged at 6000 rpm for 3 min with the addition of ethanol. The photoluminescence spectra of
the samples were measured using the Cary Eclipse fluorescence spectrophotometer (Varian,
Australia). The photoluminescence decay kinetics of QDs was studied by time-correlated single
photon counting based fluorescence microscopy (PicoQuant, Germany). Bandpass filters with a
full width at half maximum of 10 nm were used to selectively detect the emission in a wavelength
range corresponding to the photoluminescence spectrum of AgInS, QDs.

Results and Discussion
As aresult of the size fractionation, a series of samples with different-sized colloidal AgInS;
QDs was obtained. The maximum of the photoluminescence spectrum for the samples ranges from
617 nm (fraction 1) to 547 nm (fraction 5). Each sample exhibits a typical for ternary I-11I-VI
QDs broad photoluminescence spectrum with a full width at half maximum of about 100 nm. It
should be noted that there is still no established theory explaining the origin of the broad
photoluminescence spectrum of ternary AgInS, QDs. The photoluminescence of AgInS> QDs is

1



commonly attributed to either the radiative recombination of donor-acceptor pairs, the self-trapped
exciton model, or the recombination of a localized hole with a conduction band electron [1]. To
gain further insight, the size-selected AgInS, QDs were investigated using the time-resolved
photoluminescence spectroscopy. As shown in Figure 1a, the photoluminescence decay for larger-
sized QDs (fraction 1) is slower than that for the smaller-sized QDs (fraction 5).
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Fig. 1. (a) Photoluminescence (PL) decay curves of different size fractions of AgInS2 QDs; (b) the
dependence of the average photoluminescence lifetime on the emission wavelength for different size
fractions of AgInS2 QDs. At the background the photoluminescence spectrum of AgInS2 QDs is presented

It has been shown that the average photoluminescence lifetime of QDs has a spectral
dependence and increases with increasing the emission wavelength. The obtained dependence can
be well approximated by a linear function for fraction 1 with QDs of the largest size, while
decreasing the nanocrystal diameter leads to a deviation of the dependence from linearity in the
region of lower energies (Figure 1b). It is interesting to note that conventional binary chalcogenide
QDs, such as CdSe or CdTe, on the contrary, have a constant lifetime value over the whole
emission wavelength range, suggesting a different emission mechanism for ternary QDs. The
obtained results can be explained using the model of donor-acceptor pair recombination, according
to which a higher probability of radiative recombination between closer electron-hole pairs is
observed.

Conclusion
In summary, in this work the strong dependence of the photoluminescence lifetime on the
emission wavelength for ternary size-selected AgInS, QDs has been demonstrated. The obtained
results support the model of radiative recombination of donor-acceptor pairs as a mechanism to
explain the emission of AgInS> QDs.
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Abstract. The paper presents the investigation of magneto-photonic crystals (MPCs) with
different metal layers for the formation of hybrid state of the Fabry-Perot and Tamm plasmon-
polariton (TPP) modes. It was demonstrated that the enhancement of Faraday effect and the
transmission coefficient of such structures depend on the metal and symmetry of MPC.
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Introduction

As is known, solid films of bismuth-substituted iron garnets have magneto-optical (MO)
properties. By creating one-dimensional MPCs based on iron garnets, we can achieve enhanced
MO effects due to the presence of resonant Fabry-Perot and Tamm plasmon polariton (TPP) modes
[1]. In the presence of two modes at the same time, it is possible to select the parameters of the
layers so that their resonant wavelengths coincide, forming a hybrid state.

It was previously shown that the amplification factor of the Faraday effect in such
structures can be varied by changing the thickness of the "buffer" layer adjacent to the gold layer
[2]. Here it is shown that by changing the number of pairs and symmetry of Bragg mirrors relative
to the cavity layer, it is possible to influence the bound state of the modes, thereby regulating the
splitting of resonances. Additionally, the properties of structures depending on the type of metal
layer are investigated.

In general, structures can be described by the formula:

GGG/[Ti0/Si0,]"/D1/[Si02/Ti02]"?/D2/Me, (1)
where GGG — substrate of gadolinium gallium garnet, [TiO2/Si02]™ u [SiO2/TiO2]™ — Bragg
mirrors made of layers of titanium and silicon dioxide, m/ u m2 — the number of pairs of layers in
Bragg mirrors, Me — metal layer (Au, Ag, Cu), D1 u D2 — the layers through which Fabry-Perot
and TPP modes are formed, respectively; D1 — double-layer film Gd3Sc2GazO12/BizgYo,2FesO1a,
D2 — SiO; buffer layer.

Materials and Methods

The calculations were carried out using the 4-4 transfer matrix method, which uses the
approach of Berreman et al. [3] to form transfer matrices of layers and the entire structure. The
thickness of the D1 layer was selected to create the Fabry-Perot mode in the center of photonic
band gap (PBG) in the vicinity of 700 nm. The thickness of D2 set respectively to resonant
wavelength of the TPP.

Results and Discussion

First of all, the thicknesses of the D2 layer were calculated, at which the resonant
wavelengths of the Fabry-Perot and TPP modes had to be combined. But in reality they do not
combine, but are pushed apart by a certain amount A due to the fact that the electromagnetic field
of the light wave is localized simultaneously in two different parts of the structure at the resonant
wavelengths of Fabry-Perot and TPP. At the same time, the two modes are in a coupled state, as



their characteristics become similar. The thickness of the D2 layer was 206, 209 and 208 nm for
Au, Ag and Cu, respectively.

Figure 1 shows that the transmission coefficient and amplification of the Faraday effect at
resonant wavelengths of modes are the highest for the Ag metal.
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Fig. 1. The transmission coefficient (a) and the angle of Faraday rotation (b) of the MPC
(1) with a different metal layer.

Hybrid state investigation have also been carried out for structures with asymmetric Bragg
mirrors. It is shown that by changing the number of pairs of mirrors, it is possible to achieve a
change in the hybrid state. In the structure m1 =2 and m2 = 6, the resonances are not separated
due to the weakening of the Fabry-Perot mode. In the structure m1 =6 and m2 =2, A becomes
larger due to the stronger influence of the separation of the localization of the electromagnetic field
when modes occur.

Conclusion

For the configuration of the MPC structure with the hybrid state of the Fabry-Perot and
TPP modes, the parameters, on which the Q-factor of the modes depends, are determined.
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Abstract. The paper describes a method for creating microlenses based on Panda fibers,
while maintaining the radiation polarization. It also presents methods for measuring the key
characteristics of these lenses: focal length, mode field diameter (MFD), polarization attenuation
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Introduction

One of the main challenges in integrated optics is the issue of the inextricable connection
between optical fibers (OF) and waveguides in a photonic integrated circuit (PIC), which has a
characteristic diameter comparable to the wavelength of the guided light [1]. The use of OF with
a core diameter of approximately 9 micrometers to dock with PIC with waveguide dimensions of
approximately 1,5-2 micrometers results in an increase in optical signal loss. An effective solution
to minimizing optical losses when connecting these optical elements is the use of lensed tapered
fiber (LTF) with a focal spot size of approximately 2 micrometers. LTF - optical components,
which are a fiber-optic guide, on the end of which a microlens is formed [2].

Materials and Methods

For the manufacture of microlenses at the ends of the OF, fiber was used while maintaining
the polarization of radiation. The Fujikura FSM-100 welding machine was used to create
microlenses. Microlensing occurs in several stages. At the first stage, by continuously exposing
the OF to an electric arc, it is softened and stretched until the desired tightness with the required
parameters is achieved. Then, in the absence of an electrical arc, the OF breaks in the narrowest
area of the constriction. As a result of the breakage, two segments of OF with conical tips are
obtained. Additionally, the resulting cones are melted using an electrical arc. The fused section of
the optical fiber, under the influence of surface tension forces, forms a symmetrical, convex
surface. As a result, a conical lens is created at the end of the fiber.

Polarization-preserving microlenses have the following characteristics: focal length, MFD
and polarization attenuation coefficient. The focal length and MFD were measured using the
Fabry-Perot method and far-field infrared camera methods, respectively. The polarization
attenuation coefficient of a microlens is the numerical difference between the value of this
coefficient at the entrance of the lensed fiber and its value at the exit of the lens [3].

Results and Discussion
This paper presents a method for manufacturing and measuring the key parameters of
microlenses, with a focal spot size of 2 micrometers. The proposed method makes it possible to
obtain lenses with radiation polarization at the output up to 40 dB and a polarization drop in the
lens of no more than 3 dB.
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