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Conference Schedule
May 23, 2023 (Tuesday)

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

May 24, 2023 (Wednesday)

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

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

10:10-10:40 High-power mid-infrared quantum-cascade lasers and detectors Grigorii
Sokolovskii (loffe Institute, Russia)

10:40-11:10 Hybrid structures "quantum well-dots": synthesis, properties, applications
Alexei Nadtochy (Higher School of Economics — St. Petersburg, Russia)

11:10-11:40 Observation of stimulated emission at a frequency of 9.5 THz due to suppression of Auger
recombination of Dirac fermions in HgCdTe quantum wells
Alexander Dubinov (IPM RAS, Russia)

11:40-12:00

12:00-12:30 Ferrite-garnet films: physical properties and applications - online Sergey
Polulyakh (Crimean Federal University, Russia)

12:30-12:50 Quantum dot lasers for optical interconnect (preliminary) - online Vladimir
Mikhrin (Innolume, Germany)

12:50-13:20 Presentations by sponsors
Nano-positioners in quantum sensing applications

Zivkovic Alina (Special Systems. Photonics, Russia)
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13:20-14:00 Elevator speech session |

Young scientists explain key idea of their posters in 1 minute presentation using 1-2 slides:
Comos Aptem Uropesuy

baesa Mapwua puropbesHa

Bypmuctpos Oner Nnbny

YepHes Uropb Muxainnosuy

Ky3Heuos HOpuit Muxaiinosumy

Song Qinghao

14:00-15:00

15:00-16:30 Poster Session |
1. Lasers, solar cells and other optoelectronic devices
2. Electric, Magnetic and Microwave Devices

3. Crystal growth and structural properties of semiconductor materials and nanostructures
16:30-17:00

17:00-18:00 Poster Session |
1. Lasers, solar cells and other optoelectronic devices
2. Electric, Magnetic and Microwave Devices

3. Crystal growth and structural properties of semiconductor materials and nanostructures

May 25, 2023 (Thursday)
09:00-10:00 On-site registration

10:00-10:30 MBE growth and properties of lll-V hybrid nanostructures on the silicon surface Rodion
Reznik (St. Petersburg State University, Russia)

10:30-11:00 Surface generation of second optical harmonic in micro- and nanostructures
Sergey Scherbak (Peter the Great St. Petersburg Polytechnic University, Russia)

11:00-11:30 Vertical cavity surface emitting lasers for compact atomic sensors Sergey
Blokhin (loffe Institute, St. Petersburg, Russia)

11:30-12:00

12:00-12:30 Micro-LEDs and key factors determining their efficiency Sergey
Karpov (Soft Impact, Russia)
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12:30-13:00 11I-V semiconductor lasers epitaxially grown on Si for monolithically-integrated Silicon
photonics - online
Wang Qi (BUPT, China)

13.00-13.30 Presentations by sponsors: Scanning probe microscopy integrated with time-resolved
photoluminescence imaging
Vladislav I. Shcheslavskiy (Privolzhsky Research Medical University Becker&Hickl GmbH, PhD NTMDT)

13:30-14:00 Elevator speech session Il young scientists explain key idea of their posters
in 1 minute presentation using 1-2 slides:
*Kykos Muxaun Banepbesuy

PomaHoBa BepoHuka BAyecnaBoBHa
Cennepctos Cepreli Banepbesuy

AHVKMHa Mapua AneKkcaHapoBHa

YymaHos MBaH Buktoposuy

Kawanos Aptem Unbacosuy

Mwuxainnosckuit Muxann Cepreesuy

Hukonaesa AnekcaHapa BnagncnasoBHa
Pypakos ApTyp Onerosuy

Bacunbesa Onbra BacunbesHa

3aHeBcKasa Mapusa lOpbeBHa

14:00-15:00

15:00-16.30 Poster Session Il
4. Nanophotonics, Spectroscopy, Microcavities, Optics, Plasmonics, Spintronics, Electro- and Magnetooptics
5. Nanobiotechnology, Biophysics and Biophotonics

6. Other Aspects of Nanotechnology

16:30-17:00

17:00-18:00 Poster Session Il
4. Nanophotonics, Spectroscopy, Microcavities, Optics, Plasmonics, Spintronics, Electro- and Magnetooptics
5. Nanobiotechnology, Biophysics and Biophotonics

6. Other Aspects of Nanotechnology

18:00-18:30 Closing remarks and award ceremony
Alexey Zhukov (Higher School of Economics — St. Petersburg, Russia)
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May 26, 2023 (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. Lasers, solar cells and other optoelectronic devices
May 24, 2023
15:30- 18:00 Poster Session |

Practical realization of free-space

11 Apam HOpwii Aniexcarppos YHusepcutetr U TMO continuous-variable quantum key
v distribution
Braguen Effect of sulfide—polyamide passivation on
1-2  AHApPIOWKKH a5 Bacunbesny YHusepcuter UTMO dark currents of the InAlAs/InGaAs/InP
avalanche photodiodes
CaHkT-MeTepbyprckuit
roCyAapCTBEHHbLI Features of the operation of a laser
APUHYLWKNUH YHUBepCUTeT ) X
1-3 KceHus leHHagbeBHa o profilometer in an automated
a TeNEeKOMMYHWKaL Ui .
. Npod. MA. rolling stock control system
BoHubpyeBunya
15 Eaesa Mapws FpuropbesHa CN6AY PAH um. K.W. Hybrid perovskite/GaP nanowires solar cells
Andeposa with enhanced photovoltaic performance
CMNB6AY PAH um. XK.N. Light-Emitting and Light-Detecting
1-6 baesa MapuA FpuropeesHa Andeposa Perovskite Electrochemical Cell on Silicon
AneKkcaHapos Features of two-state generation in
17 bekman ApTem my TV m. A.©. Modde InGaAs/GaAs quantum well-dot lasers
CaHkT-MeTtepbyprcknit  Impedance spectroscopy of the dynamics of
NONINTEXHNYECKUNIA charge carriers of CsPbl3 and CsPbBr3
1-8 byaxemuna JlInHpa . .
yHuBepcutet MNeTpa nanoparticles deposited on a tandem solar
Benukoro cells
. HHIY mm. KDP crystals as an optical element in
1-9 BuabyeHKo Ceepren AHapeeBuy .
JNobayesckoro highpower laser system
. CNB6AY PAH um. X.N.  Investigation of electrophysical properties of
1-10 BTopbiruH feoprum SAyapposu Andéposa BP layers grown by PECVD mode
EkaTepuH AnekcaHapos  CM6AY PAH um. XK.U. Heterojunction solar cells based on
1-11 BAavecnasosa . .
a Ha Andépos nanostructured black silicon
ANALYSIS OF NON-IDEALITIES OF QUANTUM
1-12 lepacuH Nnba Cepreesuy M®TU STATES FOR TIME-BIN ENCODING
CaHkT-MeTepbyprckuit
rocyZapCTBEHHbIV HoBas meTogMKa pacyeTa CReKTpaibHbIX
1-13 FopaHckas Chetnana AvapeesHa yHMBEpPCUTET ) ANPPAKLMOHHBIX NIMH3 AN GOKYCUPOBKU
TeNEKOMMYHWKaL M NIa3epPHOro U3Ny4eHUA PasANYHbIX OJNH
num. npod. M.A.BOHY- BOJIH
bpyesunua
CaHkT-MeTepbyprckuit
rocy4apCcTBeHHbI Two-channel fiber-optic communication line
114 FpAisHoBa EkaTepuH MyxaiinosHa yHuBepcuteT ) for measuring the parameters of active
a TEeIeKOMMYHUKALNI phased antenna arrays in the far zone a
um. npod. M.A.BoHu- landfill conditions
Bpyesunua
[BypeueHck  AneKcaH  AneKcaHapos Influence of .detector.dead time on the key
1-15 Wit ap T MOTU/MUCKC generation rate in Measurement-
Devicelndependent QKD
Saint Petersburg A Method for Studying of color
1-16 Oxxabp flpa Oxxaman Electrotechnical characteristics of pigments by

University “LETI”

spectrophotometry




CaHKT-lMeTepbyprckui

rocy4apcTBeHHbIN

The methods of recovery the optical

1-17  Amutpmesa [uaHa CepreesHa properties in FOCL during analog signal
yHMBepcuTeT transmission under y-radiation influence
TeNEKOMMYHWKaL Ui
um. npod. M.A.
BboHubpyesuua
CaHkT-NeTepbyprckuin . .
HOSMTEXHIYECKMA Features of photovoltaic cell degradation of
1-18 OaH lOaHbbAO solar power plants in Hong Kong and Saint
yHuBepcuTeT MNeTpa
Petersburg
Benukoro
1-19 Enncos MaKenm BsayecnaBoBu Camapckuit Modeling the [.:Jhoto- bet'a-converter with
Y yHuUBEpCUTET distributed resistance
HauuoHanbHbIN
nccnenoBaTeNbCKui Investigation on the effects of the
3aBoauneHK Bnagumn  Bnagmmupos yHuBepcutet multiplication area shape on the dark count
1-20 0 p ny «Bbicwasn LKoNa rate in InGaAs/InAlAs single-photon
3KOHOMMKM» / 000 avalanche photodiodes
«KyP3iT»
MocCKoBCKMI
121 UsaHOB degop JleoHTbEBMY rocyfapCTBEeHHbIN Neuromorphic computing syster'n based on
YHUBEPCUTET UMEHU semiconducting metal oxides
M.B./lomoHocoBa
199 NBuenko Erop MOTH I?etection-efficiency mismatch in. a .
satelliteto-ground quantum communication
FSUE “FRNC-VNIITF named after Academ. E. Laser diode module
1-23 over 350 W power output
UrHatbes AHpapeit Hukonaesny I. Zababakhin” with 200 um / NA 0.22 fiber
Bcepoccuitckuii
Hay4Ho-
nccnenoBaTeNbCKui . . . .
. Design and simulation of an optical system of
1-24 WUHCTUTYT TeXHUYEeCKoM - )
high-power fiber-coupled laser module
bU3UKM nmeHn
aKkagemuKa E.N.
Kagurpob EkaTepuMHa 1aAMMUMPOBHA 3ababaxuHa
HOT mid infrared LEDs based on P-
1-25 InAsSbP/nInAs(Sb)/N-InAsSbP
Knnmos AnekcaHap  AnekceeBuy OTU um. Nodode heterostructure
Emission linewidth and o-factor of 1.3
pmrange vertical cavity surface emitting
1-26 YHusepcutetr UTMO/ laser based on InGaAs/InGaAlAs
KoBau flkoB HuKkonaesny OTU um. Nodode superlattice
Broadband emitting from multilayer
1-27 CNB6AY PAH nm. XK.WN. structures with quantum well-dots active
KopHbIwos Mpuropwuit Onerosuny Andeposa region
CankT-lMeTepbyprckuii
NONUTEXHUYECKMNI
1-28 yHuBepcutet MNeTpa Calculation the mode loss spectra in MIR and
KoctpomuH Hukuta AHpgpeeBuny Benukoro THz with double metal waveguides
dusnKo-TexHuueckuii  [nnHHosonHoBble UK doTonpuemHukn (0.5
1-29 WMHCTUTYT um. A. ®. > 12 um) Ha OCHOBe TBepAbIX PacTBOPOB
KyHKoB PomaH 3ayapAaosuy Nodde PAH InAsSbx (x > 0.4)




MocKoBcKui BansHue HengeanbHOCTEN KBAHTOBbIX

1-30 KynpuaHos Nasen Arapeesny bU3NKOTEXHUYECKII COCTOAHWI HA YPOBEHb OLLUMOOK B AETEKTOP-
NHCTMTYT/ He3aBuncumom KPK
HUTY MUCUC (paborTa)
. Investigation of the avalanche delay effect in
1-31 Jloces AHTOH Bagnmosuy 000 «KyPanT» g . Y
sine-gated single-photon detector
Camapckuit
AneKkcaHgpoBH P Tandem solar cells based on porous silicon
1-32 NanuHa Japba YHUBEPCUTET UM. .
a and perovskites.
Koponesa

CamapCcKunin HaUMOHabHbBIN
MapameTpbl CONHEYHbIX 31EMEHTOB Ha OCHOBE
1-33 Manblwesa

Hatanba
CepreesHa
nccnenoBaTenbCKm

" nopucToro

KpemHua

YHUBEPCUTET MMEHU
akagemuka C.I.

Koponesa

1-34 MaprapsaH Uropb Bnagnmuposuy  YHusepcuter NTMO Optimization of SnO2/FAPbI3 interface by
prap P A P P carbon dots interlayer
A High precision Two Channel TDC Based on
1-35 Maxnyd Ma3zeH Mamayx MW3M HWY BLLS FPGA for ToF Measurement
CaHkT-MNeTepbyprckuin
1-36 Moskaiiko AuHa AHATOAbEBHa NONUTEXHUYECKMNI Theoretical and e.xperlm.ental s'Fudy of laser
yHuBepcutet MNeTpa treatment of nickel using a diode laser
Benukoro

Creation of an automated system for adjusting
1-37 Hasaposa KceHusa CepreesHa  CI6MY MNetpa Bennkoro the position of the laser radiation axis for the
air communication channel

CaHkT-MNeTepbyprckuin
MonnTexHnyeckui
yHuBepcuteT MNeTpa
Benukoro/®ryn
1-38 Haymosa Buktopma  BukTopoBHa Bcepoccuitckuin
Hay4HoO-
nccnenoBaTeNbCKUm
WHCTUTYT  MeTponoruu
um. [. N. MeHpeneesa

Compact solid-state laser with diode optical
pumping and high frequency stability

A Study of Chemical and Mechanical

1_ n n
39 Heenosa AHrennHa  OmutpuesHa CneraTy "Natm Properties of Paper Under Its Laser Cleaning

dakynbTeT HAayK O

maTepuanax, . .
o 2-mercaptoethylammonium chloride as a
MockoBckum

1-40 HembirmHa  EnmsaBeta  MakcuMmoBHa promising passivator for perovskite solar cells

locyaapCTBEHHbIM
YAap with increased stability
YHusepcuteT UMeHu

M.B.J/lomoHocoOBa




depepanbHoe
rocyfapcrseHHoe
6loaxeTHoe
obpasoBaTesibHOe
yypexneHue BbICLLEero
obpasoBaHua «CaHKT-

Development of a photodetector for an analog

1-41 Oacepene Aernc Braavmmnposuy MeTtepbyprckui extended fiber-optic communication line
rocynapCTBeHHbIN
yHUBepCUTET
TeNEeKOMMYHMKaL i
um. npod. M.A.
BoHubpyeBuya»
Investigation of the current-voltage
1-42 OsesoB Makcat Kemanosuy ®TU um. Nodode characteristics of MAPbI3 perovskite films
formed by a single-stage spin-coat method
OTU um. A, ®. Modbe Efficignt thin-film Iithigm ni-obate integrated
1-43 MNapdeHos Mwuxann Bnagmmunposuy PAH optical modulator with wide waveguides
fabricated by contact photolithography
) ) CHUY wmen C.1N. Development of a Device for Measurlng.
1-44 MNoctaBHOM Hukonan OpbeBuy Temperature Dependence of Current in a
Koponesa ..
Porous Silicon Solar Cell
CaHkT-MeTepbyprckuit
rocyapCTBeHHbIM Peculiarities of telemetry information
1-45 PESHUKOB BoraaH KOHCTaHTMHOBM yHuBepcuteT ) transmis§ion .using analog fit.)er-optic.
Y TeNEeKOMMYHWKaL i communication line over long distances in a
um. npood. M.A. complex electromagnetic environment
Bonubpyesnua
KoHcTaHTMHOBKM CaHKT-MNeTepbyprckumii Development of a simulator for testing
1-46 Pe3HuKoB borgaH
y rocyaapcTBeHHbIN methods for generating analog signals in the
yHuBEpCUTET form of a sequence of command codes in an
TeNEeKOMMYHWKaL i optical communication channel
um. npood. M.A.
boHuybpyesuya
REAL-TIME CALIBRATION METHODS FOR A
1-47 PypasuH Hukuta  Bnagnmuposuy HWY BLLD COMMERCIAL MDI-QKD SYSTEM
IOKHbIA beaepanbHbI Investigation of the photoelectric parameters
1-48 CaeHko AnekcaHgp  BukToposuy of an oxide solar cell based on a ZnO/Cu20
yHuBEpCUTET . .
heterojunction
CaHkT-MeTepbyprckuit
HaUWOHaNbHbIN
uccnenoBaTenbCKui The effect of the dielectric SiO2 layer on the
AKafeMnyecKunin characteristics of visible-blind ultraviolet
1-49 CuHMUKanA Oneca AneKkceeBHa .
YHUBEPCUTET meHn XK. photodetectors based on ultrathin GaN
N. Andéposa epitaxial layers grown on c-Al203 substrates
Poccuiickoit akagemumn
HayK
Camapckuii
HaUWOHaNbHbIN
1-50 Twau Mapraputa  AwgpeesHa MCCNefoBaTENbCKUI  DNEKTPUYECKUE XapaKTEPUCTUKM CONHEYHBIX
YHUBEPCUTET UMEHU 3N1E€MEHTOB C HAHOCTPYKTYPaMM KpeMHUsA
akagemuka C.I.
Koponesa
FORMATION OF ITO-BASED ANISOTROPY
1-51 ToMKKa AHppeit Cepreesuny cneraty "natu" ORIENTING LAYERS FOR LIQUID CRYSTAL

DEVICES




1-52

dunsaes

HauuoHanbHbIN
nccnenoBaTeNlbCKUm
HMBepcuTeT «Bbiclwan . -
y P Evaluation of quantum efficiency of
ANeKcaHapoBM  LWKOA SKOHOMMKUY» / . .
AneKkcaHap o InGaAs/InP  single-photon detectors in
y HaumoHanbHbIN A
o quantum key distribution systems
nccnenoBaTenbCKui
TEXHO/IOTMYECKUN
yHusepcutetr MUCUC

1-53

®ponos

YNbAHOBCKUI punnan
MHCcTUTYTa
a4MOTEXHUKN U .
P Measurement of threshold current in local

n Bna 0B 3/IEKTPOHUKU .
N1bA aAMMpoBUH P areas of the LED chip
um.B.A.KoTenbHMKOBA

Poccuiickoit akagemumn
HayK

1-54

XomsakoBa

HauuoHanbHbIN
nccnenoBaTenbCKui . .
Modeling of avalanche photodiodes based on

KpnctnHa UropesHa TOMCKMUI .
P P . Ge/Si
rocyfapcTBeHHbI N

yHuBepcuteT

1-55

WnwknH

Camapckui
HaUMOHabHbIN . .
. Development of a device for measuring
AnekcaHaposu nccnenoBaTeNIbCkui -
Bnagucnas voltampere and volt-watt characteristics of
y YHUBEPCUTET UMEHU )
experimental solar cells
akagemuka C.I.
Koponesa

1-56

MBaHOB

Comparative study of energy characteristics of

HTL, high-power flip-chip AlinGaN LEDs

MUKPO3/TEKTPOHUKN

AHTOH
PAH (A =440-510 nm) for laser pumping

1-57

CaHkT-MeTepbyprckuit
OmutpuresHa Lasers of metrological appropriation a
yHuBepcuTeT MeTpa
Bennkoro/®ryn BHunm mm
. N. MeHgeneeBa

AnekcaHap
Kypkosa

NONUTEXHUYECKUIA




2. Electric, Magnetic and Microwave Devices
May 24, 2023
15:30 - 18:00 Poster Session |

CaHkT-lNeTepbyprckunin rocyaapcTeeHHbIn yHuBepcuteT Modernization
of quantum frequency standard

2-1  ApwuHywkuHa  KceHus leHHagbeBHa
TeNEeKOMMYHWKaL i with optical pumping um. npoo.
M.A. boHu-
Bpyesnua
dneKTpruyeckne, marHuTtHole n CBY
22 Bypmuctpos Oner nbiy YHusepcuteT UTMO xapaKTePUCTUKM M YCTPOMCTBA
Investigation of a method for improving phase
CN6ryT um. npod. M.A. noise in the frequency standard generator
2-3 Banos AHTOH MeTposuny BoHu-Bpyesmya
block
2-4 BaH OuH - cneny
Long-term stability of GaAs-based
2-5 BacWAbKOBA Enena WropesHa CM6AY PAH nm. K.N. pseudomorphic transistor heterostructures
Andeposa with InGaAs channel
HHIY um. H.U. Magnetic field detector based on a Jlobauyecsckoro
2-6 Beap Mwuxann Bnaguncnasosuy

magnetically controlled spin LED




CaHkT-MeTepbyprckui

Modernization of a quantum frequency

NOJINTEXHUYECKUI
yHuBepcuteT MNeTpa
Benunkoro
«HaumnoHanbHbIM
uccnefoBaTeNbCKUi
2-8 Kosnosckaa EkatepuHa AHppeeBHa yHuBepcutet
«MOCKOBCKNIN MHCTUTYT
3NEKTPOHHOM TEXHUKN»
Mogaenb Bo/bT-aMnepHbIX XapaKTEPUCTUK
pPe30HAHCHO-TYHHE/IbHbIX CTPYKTYpP B 3aZa4ax
2-7 NcynoBa EkaTepuHa BacunbesHa standard temperature controller with a
rubidium gas cell
2-9 Kynmos EBreHui Bnagnmuposuy MTITY um. baymaHa nccnenoBaHuaA Lenesbix QYHKUMI METOAUK
ONTUMM3AUUN PE3OHAHCHO-TYHHE IbHbIX
Anoaos
MocCKoBCKMI
210 bBOB Angpedi Banepbesuy nep,arorwqecrmﬁv F}econfigurable Re.flect.a rrays for .5/6.G
rocyfapCTBEeHHbIN Wireless Systems with Linear Polarization
yHUBEpcUuTeT
211 Makapoe Nasen Anapeesi dMU dUL Komu HL, Simulation gf el.ectromag.netic éignals
YpO PAH propagation in dynamic gratings
MoOCKOBCKMI
2-12 MwuxeeB Nnba Uropesuny bU3NKOTEXHUYECKUI Using Mobile Phone as a Ripeness Sensor
WUHCTUTYT
APTY mm. MN.T. . . . .
2-13 Mopo3os Matsel Onerosuy Odemungosa/Ad GTUAH Modeling of a capgutlve MEMS-switch with
«floating» electrode
um. K.A. Bannesa PAH
Pa3paboTka onTMYECKOro AaTymMKa UCKPOBOTo
HuramaTtabaH
2-14 08 Mapart [asnmbaHoOBUY YHusepcutet U TMO npobos ann pacnpe,qenMT?anblx WMTOB
aneKkTpoceTen
2-15 Opnos BukTop Onerosuny HUNMD Paspaborka / anN,\,eHeHMe
3NIeKTPOMEXAHUYECKUX CUCTEM
Development and research of charger
2-16 Matapawsuam AHTOH Hukonaesny M®TU operation modes type "needle - plate" for
nanoparticle charging
2-18 CenuBaHoBa [apbAa WropesHa HOdY MH3N Modeling the output voltage of a nanogenerator based on
vertically aligned
carbon nanotubes
Camapckuit
HaLMOHaNbHbIN Initialization of synthesis in quadrupole
919 Comos Aprém Uropesiy uccnenoBaTeNbCKUi .magne?t.it? traps using c.ontrolled pl.asma
yHuBepcuteT umeHn  instabilities and spherical cumulation of shock
akagemuka C.IM. magnetic waves.
Koponesa
CaHkT-MNeTepbyprcknini - PazpaboTKa BONOKOHHO-OMTUYECKOW CUCTEMBI
920 dageeHKo Bapsapa BopncosHa NONUTEXHNYECKWNIA AR 3343aHNA BbIXOAHOM ‘-IafTOTbI reHepartopa
yHuBepcuTeT lMeTpa yNpaBAAeMbIX HAMPAXKEHUA HA AaHTEHHOM
Benukoro KOMMJIEKCEe PAfMONOKALNMOHHOM CTaHLLUN




NUMERICAL SIMULATION OF THE
PARAMETERS OF A LOW-NOISE TRANSISTOR
WITH LOW POWER CONSUMPTION FOR USE

AS PART OF MONOLITHIC INTEGRATED

2-21 Ynkunkos Cepren Bnagumuposuy  MITY nm. H.3. bBaymaHa CIRCUITS OF AN ENERGY-EFFICIENT LOW-
NOISE AMPLIFIER FOR USE IN THE
AMPLIFICATION PATH OF A MINIATURE
RADIOTHERMOGRAPH
NHCTUTYT dU3NKK
. meTannos umexHu M.H. Galvanomagnetic properties in “size”
2-22 Hucrakos Bacunun - Bnapmmuposuy MwuxeeBa Ypanbckoro topological insulators Bi2Se3

otaeneHua PAH

CaHkT-MNeTepbyprckui
poYP Improving microwave output in rubidium-87

. MonuTexHNYeCcKni c .
2-23 LaswuH ApTém Bnagnmuposuy atomic frequency standard with new
YHuBepcutet NeTpa . .
automatic gain control
Benukoro
HauuoHanbHbIN
uccnenoBaTeNbCKui
T o . . .
924 Wanwo Axmag, OMCKMi 5 Developm'g a h|gh'p'reC|5|on measurement
rocyfapCTBEHHbIN system in the millimeter wave V-band
yHuBepcuTeT, TOMCK,
Poccua
AD dTUAH um. K. A.  Testing the fast electrochemical micropump
2-25 Wnenakos Masen Cepreesu Banvesa PAH with PDMS membrane
KoHcTaHTh CNBAY nm. XK.WN. Extremely high frequency Schottky diodes
2-2 L . .
6 yrypos H tOpresuy Andeposa based on single GaN nanowires
MoCKOBCKMI
927 doononos  TepenTu AHADEEBUY neaarornyeckuit Hardware- and User-Induced Micromobility
P P AP rocyaapCcTBeHHbIN Effects in In-Door Radio Access at 140 GHz
yHuUBEpPCUTET
L . Center for Photonics Magneto-Electric Dipole Antenna as an
2-28 Burtsev Viadimir Denisovich and 2D Materials, MIPT Transceive Element in a Phased Array
AplY um. MN.T. A cantilever type MEMS switch with enhanced
2-2 b n A .
? €n103epos rope /IEKCAHAPOBMY OemunaoBa contact force: the first results

3.Crystal growth and structural properties of semiconductor materials
and nanostructures
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AbpameHkKo Simulation of elastic characteristics of

H a eB YHusepcutet UNTMO
3.1 UKUT AmuTpunesny HMBepcUTeT pseudo-graphenes
AHAPIOLWKM Matrix composition effect on InGaP(As)
3.2 H Bnagucnas Bacunbesuny YHusepcutet U TMO

quantum dots photoluminescence




MHCTUTYT HaHOTexHo/0rn i,

3NIEKTPOHUKU 1 Droplet epitaxy of site-controlled
Ganakupes Cepreit BayecnasoBsuy npubopocTpoeHus, In/GaAs(001) nanostructures with a variable
HOXKHbIV desepanbHbIv distance: experiments and simulations
3-3 yHuBepcutet
BbikoB [muTpuii Cepreesiy CN6MY Nerpa Beankoro Terahertz difference frequency generation in
3-4 photonic crystals
First-principle study of phosphorus
BopoHuoBa Knua AneKcaHApOBHa HWY BLI3, MOD PAH incorporation into silicon by PBr3 adsorption
3-5 on Si(100)
MHCTUTYT OpraHu4yeckorn wu Interdigital gold electrodes for a
FanHyNNUH Paguc PywaHosMY du13nYECKOM XUMUM UM. conductometric gas sensor on the glass
3-6 A.E. Apby3oBa surface
CTPYKTYpHbIE XapaKTepPUCTUKM MOBEPXHOCTU
NHCcTUTYT Nnpobnem
lpaweHKo AnekcaHap Cepreesuy NAEHOK HUTPMAA aNtOMUHUA-TaNINA Ha
MawunHoBegeHua PAH
3-7 HaHOC/I05X Kapbuaa KPEMHUA Ha KPEMHUMU
MpnauuH 3_Bna,u,mcnaB Onerosuy CNB6AY PAH um. XK.WN. Selective Area Growth of GaN/InGaN
8 Andéposa Nanowires on Si Substrates
) MMU3M BLLI3/AO Carboxymethylcel!ulose z.:|s effective agent to
JapxaHoB EBreHui BnagneHosumy "HAWrpaduT” regulate properties of silver nanoparticle-
3-9 based conductive inks
CaHKT-MNeTepbyprckui KanenbHaa anUTakcnA KBaHTOBbIX TOYEK
JepunbuHa 3- EkaTtepmHa UropesHa rocyfapCTBeHHbIV GaAs/AlGaAs pasanyHOM NAOTHOCTU U UX
10 YHuBepcuteT ONTUYECKMe CBOWCTBA
HOXHbIN PepepanbHbIi
YHusepcutet/ Ab initio modelling of In wetting layer
[OyxaH JeHunc OmuTpunesny Nabopatopus formation on As-stabilized GaAs during first
3MUTAKCMANbHbIX stages of droplet epitaxy.
3-11 TEXHO/I0TUI
MHCTUTYT HaHoTexHonorui,  Effect of plasma-chemical treatment of
EpémeHKko 3- Mwuxaun Mwuxaiinosuy 3/IEKTPOHUKU U Si(001) substrates on the subsequent
12 npubopoctpoeHus OPY epitaxial growth of GaAs
Eypos 3- Narnnn AneKcaraposuy TU um. A.®. Modde Hard-template synthes.is of microporous Si02
13 particles
Camapckui
HaLMOHaNbHbIN Analysis of parameters of photosensitive
Yuraes OaHuna Anekceesuny nccnenoBaTenbCKuii structures based on silicon carbide
YHUBEPCUTET UMEHU heterostructures on silicon
3-14 akagemuka C.M. Koponesa
Study of morphology and composition of
nanoscale GaN and AlGaN heterostructures
3on0TyxuH  OMUTPUA Cepreesuy ®reoy Bry obtained by PA MBE technique on the silicon
substrates with the use of porous silicon as
3-15 the buffer layer
MHCcTUTYT HaHoTexHonorui, Study of the temperature dependence of the

MBaHuweBa AnekcaHapa MaBnoBHa
3-16 aneKTpoHMKKM U conductivity of ZnO/Au nanorod arrays npubopocTpoeHusn, exposed to ultraviolet irradiation
HOXHbIM depepanbHbIi

yHUBepcuTeT
CankT-lMeTepbyprckuii FORMATION OF GE-BASED
Mnokus 3- WUropb Bnagnmmposuy aKaZeMnyecKkuit NANOSTRUCRUTRES ON WURTZITE A3B5

17 yHuBepcutet NANOWIRES




CankTt-lMeTepbyprckuii

aKafeMUYecKnii Deep-level emission tailoring in ZnO
KaguHckas  CBeTnaHa AnekceeBHa YHUBEPCUTET - HAY4HO- nanostructures grown via hydrothermal
06pa3oBaTebHbIN LEHTP synthesis
3-18 HaHoTexHonorui PAH
®r60Y BO Yysaluckuit N . .
o Investigation of the optical properties of
. rocyZapCTBEHHbIN N -
Kasakos Banepwui AneKkceesuy carbon films in the sp2, sp3- hybridized state
yrusepcuter um. A.H. during thermal annealin
3-19 YnbAHoBa g g
HHI'Y um. H.U.  Creation of a GaMnAs ferromagnetic KaneHTbeBa
UpunHa JleoHnpoBHa
3-20 JNlobayeBcKoro semiconductor by a combined laser method
PXTY nm. .. L . .
o um. 4 Determination of graphene concentration in
KanaknH 3- Tumodeit Cepreesuny Mengeneesa / AO dispersions using inteeral methods
21 «HUUrpaput» P g & ’
MocKoBckui
Gu3nKOTEXHUIECKMiA Technology of manufacturing thin-film
UHCTUTYT .
EkaTepuHa UropesHa . aluminum nanostructures by dry aerosol
KameHesa (HauMoHaNbHbIN o
o printing
uccnenoBaTenbCKui
3-22 yHUBepcuTeT)
CaHkT-MeTepbyprckuit
HaLMOHaNbHbIN
4 . Influence of double layer PMHS/PDMS
nccnefoBaTenbCKuii ) L
KeHecbat PamasaH - . encapsulation on CsPbBr3 PeLEC properties in
AKkagemumyeckunm . . .
- high humidity conditions
yHuUBEpCUTET Poccuiickom
3-23 aKagemum Hayk
" " The features of formation of oxide porous
Kum 3-24 Keera bopucosHa ®rboY BO "BIYUT structures based on Si02 — Sn02
®rAaQy BO "tOoy",
Study of arsenic flux effect on thermal
KUoUdeHK Oanun Bnagmmuposuy  UHCTUTYT HaHOTexHoormi, desorption of GaAs native oxide and surface
PUHEHKO 3N1IeKTPOHMKKN 1 morphology
3-25 npmMbopocTpoeHus
MoCKOBCKMI
Approximation capabilities of neural
duaunnn Omutpuesny rocypapcteeHHbli networks for designing semiconductor
KupbaHos
yHuBepcuteT umeHn M. B. tunable metasurfaces.
3-26 NomoHocoBa
®IrBYH UHcTUTYT Novel methods for synthesizing high-quality
KoxkeBHUKO  Bacunui Opbesuny CUNIbHOTOYHOM thin films through short and ultrashort
B 3-27 highanektpoHukn CO PAH power pulsed magnetron sputtering
On the wetting of PET substrates with
Komapos NBaH AnekcaHaposuy AO "HWUrpadput"
3-28 Multicomponent Graphene Oxide Dispersions
KoHiox  3- . Local elastic heterogeneity significantly
uTpui  AnekcaHgposumd ®TU Nodde . -
29 Amutpm /IEKCAHAR bd affects the stiffness of composite systems
KoctmH  3- A . A CADY CMNEKTPOCKOMMA ANMA3HbIX NAACTUH
30 JIEKCEU — ANeKCaHApoBHY NETUPOBAHHbIX EOPOM W HUKENEM
Huxkeropoackuii
rocy,u,achiBgHHblﬁ Doping and thermoelectric characteristics of
KysHeL0B HOpuii Mwuxannosuny yHMBepCHTET UM, HM. gii)jiSr:OJ:Pé synthesized by powder
3-31 Nob6auesckoro g

HauunoHanbHbIN



Analysis of homoepitaxial growth of Si on

nccnenoBaTeNbCKUm
KykeHoB Onxac Uropesuy Si(100) in a wide temperature range by
Tomckuii reflection high-energy electron diffraction
3-32 rocyfapCTBEeHHbIN
yHuUBEpCUTET
MocKoBCKMI
locyaapcTBEHHbIM Chirality induction in atomically thin colloidal
KypTuHa AapeA AnapeesHa YHusepcutet um. M.B. CdSe nanostructures
3-33 JlomoHocoBa
. . Formation of symmetrical nanoholes by local
NaxnHa 3-EkatepuHa AnekcaHOpOBHa HOxHbIf peAepanbHbli droplet etching for site-controlled growth of
yHuMBEpCUTET .
34 single quantum dots
MHCcTUTYT opraHuyeckolt u Optical and electrochemical properties of a
Nebepesa 3- InbruHa MapaTtoBHa du3nyeckol xummn um.  composite material based on PEDOT-PSS and
35 A.E. Apby3oBa oriented nickel fibers
Effect of femtosecond irradiation on the
NocuH  3- ApTtyp JNleoHnposuy YHusepcutetr UTMO luminescence of CsPbl3 perovskite crystals
36 in borogermanate glass
MakcumoBa AnnHa ArgpeesHa CMI6IaTY "/13TU" Boron phosphid.e grown by'PECVD and its
3-37 optical properties
Mactanves BukTopua AHaTONbEBHa CMNB6AY PAH um. *K.N. Flexible Green Perovskite CsPbBr3 LED
3-38 a Andéposa Integrated with SINW Array
. . Formation of metal oxide nanostructures by
Mopo3osa HOnua BukTOpOBHA HOxHbIM BepepanbHbiit magnetron sputtering, for photonics and
YHuBepcutet . .
3-39 optoelectronics devices
MymnaKos . Study of n-diamond and carbon nanowalls
3-40 ! AneKcaHap Muxainosi MHMS PAH structure synthsized by the RF-PECVD
Two-photon lithography of composite
Mypawko JeHunc Tapacosuy HUY MUIT
3-41 nanostructures for bioelectronic applications
®rEOY BO "YusepcuTer Microwave synthesis. an.d modificatif)n of
Hacupos 3- Masen JeHuncosuny " carbon dots for application as labels in
Oy6Ha .
42 immunoassay
CMIBAY PAH wm. .M. Investigation of gallium phosphide nanowires
HosunkoBa 3-KpuctuHa HukonaesHa Andeposa/ PrAOYy BO L .

43 cneny conductivity with a doped shell
Investigations of the mobility and
concentration of charge carriers in

MNenenses  Amutpui Banepbesuy HWY MUIT nanostructured thermoelectric materials
PbTe and GeTe obtained by spark plasma
3-44 sintering
BopoHecKuit A change in the morphology of multilayer
MNewkos 3- Apocnas AHaToNbEBUY rocyaapCcTBeHHbIM porous silicon with a stepwise decrease in the
45 yHUBepcutet etching current density
Camapues 3- HHIY um. H.. Metamorphic epitaxial structures for
Nnba Bnagnmuposuy . .. . .
46 JNobayesckoro lowbarrier mixing microwave diodes
Development of the surface morphology of
CmunpHoBa Mapua AnekcaHgposHa AplY vm. M.l Jemungosa
3-47 germanium upon irradiation with gallium ions

CankT-lMeTepbyprckuii




AHacTtacus AHpgpeeBHa MonutexHuyeckuni Quality Control Methods of Silicon Wafer
Cokonosa

YHusepcutet MeTpa Diode Array for TV Tubes
3-48 Benukoro
MoCKOBCKUIA
nefarormyeckui Electrochemical synthesis of CdTe
CTUHCKaA KceHua bpoHucnasoBHa N
rocyapcTBeHHbIN nanostructures
3-49 yHuBepcuter
CapaToBckui
HaLMOHaNbHbIN MoaudurKauma KoANoOUAHbBIX KBaHTOBbIX
nccnenoBaTeNbCKUm ToyeK coctasa CdZnSeS/ZnS Tuonamm anAa
CTPOKMH MNasen Omutpunesny . o
rocynapCTBeHHbIN JaNbHelLwero NpMMeHEHUA B aHa/IMTUYECKUX
yHuBepcuteT umenn H.I. cuctemax
3-50 YepHbIWweBCcKOro
3-51 CryasvHckn  Butanui Mwuxainosuy CaHkT-MeTepbyprckuit Photocatalytic properties of NiO — gold
7 MonutexHuyeckui plasmonic nanocomposite
YHusepcuteT NeTpa
Benukoro
Optimization triple-cation perovskite
TaTapuHoB u
3.5 Omuntpun AHapeesuny YHusepcutetr UNTMO thin films by PEAI additive
The effect of surface ligands on the
FocynapcTBeHHbIM physicochemical properties of
Hatanba HukonaesHa .
TpoLwKnHa yHuBepcutet [ybHa chalcogenide
3-53 CdTe/CdS/ZnS quantum dots
MHCTUTYT  aBTOMaTUKMK "
NPOLECCOB ynpasneHus Ultrathin Cr and Fe monosilicides on
. Si(111 substrate:  formation,
YepHes Nropb Mwuxannosuny [anbHeBocTO4HOrO (t' I) d th lectrical
oTaeneHus Poccuinckoi optica . an ermoefectrica
aKagemMum Hayk properties
3-54
MHCTUTYT  aBTOMATMKM n
NPOLECCOB ynpaBneHus Mg2Si film on Si: Pulsed RDE Growth,
YepHes Uropb Mwuxannosnu HanbHeBocTOYHOrO Structu_lfs, | cal Electrophyswa:j,
oTaeneHua Poccninckom ermoe ecjcrlca ) an
ses aKaZeMm HayK Photoelectrical Properties
Study of InAs/GaAs quantum dots
formation in subcritical growth modes
Hatanua EBreHbeBHa MH3M 0Py &
YepHeHKO on patterned
3-56 substrates
NHcTUTYT HAHOTEXHONOTUM, . .
326’” OHUKM 1 Effect of ion dose and accelerating
HukuTa AHADEEBIY 0 M6(F)) 0CTROCHNS voltage during Si(111) surface FIB
WaHppi6a AP P poctp treatment on GaAs
KOxkHoro ¢pepepanbHoro :
nanowires growth
3-57 yHuBepcuTeTa
AO
" . [a30Bble ceHCopbl Ha OCHOBE
AHacTacus dAayapAoBHa Hayurounccneposatenbekii HaHOCTEpPKHEeN OKcnaa LMHKa C
Wenenesa MHCTUTYT 3NEKTPOHHO-
" KONINOUAHBIMU KBAaHTOBbIMM TOYKAMMU.
3-58 MeXaHWYecKmx Npnbopos
MOTU PHOSPHINE-FREE SYNTHESIS OF
Wyknos 3-  WeaH Anekceesuny SELENIDE COLLOIDAL QUANTUM
59 DOTS
YyBaLucKuit

o Application of linear chain carbon films
rocyapcTBeHHbIN

AnekcaH BAuyecnasosuy for sensitive elements of humidit
CmnpHos AP yHusepcutet nmeHun U.H. ¥
sensors

3-60 YnbaHoBa




Investigation of Photoconverter in IR

. Andéposckui Range

Goltaev 3- Aleksandr Sergeevich yHUBepcuTeT Based on an Array of InAs Nanowires

61 Synthesized by the MBE Method
Microfluidics and Synthesis of Perovskite Nanoparticles
Song 3- Qinghao Perovskite nanoparticles in Suspension using Microfluidic
62 Approach
AHAPIOWKM YHusepcuret UITMO Epitaxial growth of highly stressed
H 3- Bnagucnas Bacunbesuny InGaAs/InAlAs layers on InP substrates

63

by molecular-beam epitaxy

4. Nanophotonics, Spectroscopy, Microcavities, Optics, Plasmonics,
Spintronics, Electro- and Magnetooptics
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Localization microscopy of single photon

4-1 Abpamos ApTtem Hukonaeswny YHusepcutetr U TMO emitters in locally strained monolayer
semiconductor
Photoluminescence anisotropy in hybrid
CNB6AY PAH um. XK.WN. nanostructures based on gallium phosphide
4-2 AHUWKMHA Mapwua AneKkcaHApoBHa . .
Andeposa nanowire and 2D transition metal
dichalcogenides
AKagemMnyeckui
Th th d ic of Au/Ag all
4-3 Babuy EkaTepuHa CepreeBHa yHuBepcuteT um. K. U. ¢ grow A u/Ag alloy
. nanoparticles in glass
Andéposa
Photoluminescence study of InGaAs/GaAs
4-4 babuues AHgpeli  Bnagumuposuy OTU um. A.®. Modde  quantum dots with bimodal inhomogeneous
broadening
Enhancing the Analytical Arrayed Waveguide
4-5 babuuek Nnba BukToposuy M®THU
Multiplexer Model with Spectrum Analysis
E leak finf tion in QKD with
4-6 BbabyxuH [aHnna Banepbesuny QRate LLC xcesslea age.o |n. ormation in QKD wi
passive side channels
Features of monitoring the state of viscous
4-7 baxkaHoBa BepoHunka AnekcaHgposHa CMN6MY MeTtpa Bennkoro . & .
media by refraction
Hueropoackui
rocya CF:'BQHHbIIZ Effect of a bifurcation meter on microwave
4-8 bacTpakoBsa MapuHa BanepbeBHa yaap transmission through a one-dimensional
yHusepcuteT um. H.U. . )
chain of qubits
NobauyescKoro
CaHkT-MeTepbyprckuit
Tlerepbypr N Optical spectroscopy of GaAs/AlGaAs
4-9 baweryposa EneHa AnekcaHApoOBHa rocyaapCTBeHHbIN
guantum dots
yHuBEpCUTET
MocKoBcKui
4-10 BoHgapesa NoAnHa Wropesa I'Iep,arormqecmﬁu Terahertz r:':ldiation detection using graphene
locyaapCcTBEHHbIN noise thermometry method
YHusepcutet
Luminescent nanoparticles' double-diffusion
4-11 BopoamHa Nob6oBb HukonaeBHa YHusepcutet UTMO  observed by fluorescence recovery technique

using laser scanning microscopy




HauuoHanbHbIN

Spatial self-phase modulation of light in

4-12 BacuneBckum Masen HuKkonaesny nccnepoBaTenbKui liquid dispersions based on conjugates of
yHuBepcutet "MUIT" phthalocyanines and carbon nanotubes
MoCKOBCKM
pusmKoTeXHMECKA The effect of laser radiation on properties of
4-13 BepwnHuHa Oneca BanepbeBHa VRCTVITYT . platinum nanoparticles produced in a gas
(HauMoHaNbHbIN .
o discharge
uccnenoBaTenbCKuii
yHUBepcuTeT)
Modelling the influence of planar waveguide
4-14 Bosk Hukonah  AnekcaHaposmy  HWY BLI3S/ MHM3 PAH cladding thickness on the absorption
efficiency of a superconducting NbN strip.
Linear transmission of waveguides based on
4-15 lnebos HuknTta Bayecnasosuny YHusepcutetr UNTMO
perovskite MAPbBr3
Features of measuring the timeof
«CaHkT-lMeTepbyprckumii longitudinal relaxation T1 in condensed
NOIMTEXHUYECKMI
4-16 lfonbabepr Aptemnin  AnekcaHapoBud media by nuclear magnetic resonance using
yHuBepcuTeT MeTpa the modulation method in weak magnetic
Benukoro»
fields
CaHkT-lMNeTepbyprckuii
Features of the research of liquid media by
NONUTEXHUYECKMNI
4-17 lfonbabepr ApTemnit  AnekcaHgposuy the optical differential method during
yHuBepcutet MNeTpa express control Beankoro
MoCKOBCKUIA Narrowing of the linewidth of lasers self-
4-18 lopenos Unbs Kupunnosuu locynapcTBEHHbIN injection locked to a high-Q microresonator
YHusepcutet um. M.B. with whispering gallery modes
JlomoHocoBa
Numericat simutationof endocytosisof
4-19 TMeTtpos HukuTa Cepreesuny YHusepcutet U TMO
metallic nanoparticles with various geometry
HaumoHanbHbIM
4-20 [Opszros Muxann  AnexkcaHaposuy nccnenoBaTeNbCKUii Pockels cell performance in N-photon
yHMBepcuTeT «Bbicwan demultiplexer
LUKO/1a SKOHOMMKMN»
(HWY BLU3)
CM6AY PAH um. XK.N. . . . .
Andeposa/Nabopatopus Nume.rlcal 5|mulat.|on of the optical
4-21 Epecbko PoauoH MaBnosuny ONTUKU reTEPOTreHHbIX prop?ertles of a hYb“d system based on
CTPYKTYP 1 ONTHYECKMX galllum' Phosphlde .nanowwes' and 2D
transition metal dichalcogenides
mMmaTepuanos
4-22 apkosa AnuHa AnekcaHApoBHa HUTY MUCnC Luminescence klnetl(;[?: nanosized CsPbBr3
4-23 328687083 Ecenns CepreesHa CMBAY PAH um. XK. W. Towards.versatile photon.ics based on GaP
AJIGEPOBA nanowires decorated with carbon dots
CankT-lMeTepbyprckui
rocyfapCTBEHHbIN Application of optical methods for quality
4-24 3aHeBCKas Mapwus KOpbeBHa yHUBepcuTeT control of dairy products using data
A3POKOCMUYECKOrO mining

npubopocTpoeHun




CaHkT-MeTepbyprckuit

Features of spectroscopy of hydrocarbon

onute €CKui
4-25 KanawHukos BukTop AHapeesuny noamTexHaeckin media by optical method using X-ray
yHuBepcuTeT MNeTpa .
radiation
Benukoro
C -M 6 "
a::;mz:mzzﬂ;”“ CHARGE RELAXATION AFTER EXPOSURE TO
4-26 Kamanos Anmas MapaTtosuy BARRIER AND CORONA DISCHARGE OF
yHuBepcuTeT MNeTpa
POLYLACTIDE FILMS
Benukoro
. AndepoBckuit . .
4-27 KaH FreHHagui Glass poling: surface environment effect
yHUBEpCcUTET
CaHkT-MeTepbyprckuit
Kamnyc HaunoHanbHoro
nccnenoBaTeslbCKkoro INVESTIGATION OF TWO STATE LASING IN
4-28 KapabopueB  Anekceir AneKcaHOpoOBMY yHUMBepcuTeTa «Bbiclian MICRODISKS WITH InAs/GaAs QUATUM
LLIKO/1a SKOHOMUKN» DOTS AT DIFFERENT TEMPERATURES
(HWY BLUD — CaHKT-
Metepbypr)
Generation of spatiotemporal optical
4-29 Kawanos ApTtem Nnbacosuy Camapckui vortices using Kretschmann setup for
yHusepcuteTr/MCOU PAH  transverse magnetic and transverse electric
polarizations
4-30 KoMAbaTbeBa AHACTACHS CebreesHa CN6AY Surface modification influence on silica based
AP P um.XK.N.Andeposa pillars properties
Effect of the thickness of plasmonic gold
4-31 KopHiowmnH JeHunc Bnagumumposuy MOTHU nanostructures on the Surface Enhanced
Raman Scattering enhancement factor
. CNB6AY PAH um. XK.N.  Self-assembled photonic nanoantenna based
4-32 Ky3HeuoB Anekceun Cepreesuy . .
Andeposa on GaP single nanowire
Analysis of optical properties of quantum
4-33 Kypacosa Kamunna KoOHCTaHTMHOBHa YHusepcutet U TMO ¥ P P . : d
dots doped microspheres
CaHKT-MNeTepbyprckui . . L
. o Reflection spectroscopy of excitons in wide
4-34 Makcrmos Martsen AHppeeBmny [ocypapcTBEHHbIN
quantum well of InGaAs/GaAs
YHusepcutet
MocKkosckuii ®usmnko-  Ultraviolet photoluminescence enhancement
4-35 Mano [aHa TexHunyeckut UHCTUTYT of zinc oxide nanocrystals in colloidal

(MOTH)

mixtures with spark discharge aluminum
nanoparticles

Akagemunyeckuii Optical studies of InGaAs/GaAs quantum well 4-36
MenbHunyeHKo MBaH Anekceesud yHuBepcuteT um. .U, mesa structures treated with hydrogen Andeposa / HNY BLLU3 plasma
and passivated via AlOx layer

CaHKT-lMNeTepbyprckuii

dddeKT co-nernpoBaHms
NAHTAaHOUZAMM HA CTPYKTYPY U

4-37 MepeLlieHKo AHgpei Cepreesuny rocyAapCTBeHHbIN JNIIOMUHECL,EeHTHble CBOMCTBA
yHUBEpCUTET HeopraHM4ecknx GpTopuaHbIX
HaHOMaTepuanos
AO L -
. Investigation of phase shift in
MwuTpodaHoB «HayyHouccnepoBaTeNbCKUA . .
AHactacua  EBreHbeBHa . waveguides with
4-38 a MHCTUTYT MOJIEKY/IAPHOWN )
chalcogenide glasses
3NEKTPOHUKN»
MuxainoBcKku High-Q band-edge resonances in
4-39# Mwuxaun Cepreesuny YHusepcuter N'TMO onedimensional arrays of dipolar
scatterers
AO The research of nonlinear
«HayyHouccnegoBaTeNbCKui optical phenomenain silicon slot
4-40 MypsaranmHa Codba MapaToBHa  MHCTUTYT MOJIEKYNSPHOM waveguide




3N1EKTPOHUKU Y,
MOTU(HWNY)

structures

CaHkT-MeTepbyprckuit
HaLMOHaNbHbIN

nccnefoBaTeIbCKUi
441 HazoH Vpwha BanepbesHa AKaziemumyeckuin Nanooscillators based on carbon whiskers for
YHUBEPCUTET UMEHM K. detectors of optomechanical effects
. Andéposa
Poccuiickoit akagemumn
HayK
YHusepcutetr UTMO,
LeHTp
"MHbopMaUMOHHbIe
onTUYeckune
TexHonorum", OPTICAL PROPERTIES A HYBRID STRUCTURE
Nabopatopus OF NANOPOROUS ALUMINA MATRIX ON
4-43 HUKnTMH Nropb OpbeBuy "doTodpusnka SILVER NANOPRTICLE ARRAY SUBSTRATE
nosepxHoctn"
CaHkT-MNeTepbyprckuit
. rocyfapCTBeHHbIN Manganese-doped red-emissive carbon dots
4-44 OHpap Canxo OmakoBHa o . . .
TEXHONOTNYECKUI as dual-modal nanoprobe for bioimaging
MHCTUTYT (TY)
MNepmckui
N3mepeHne GpoKyCHOro paccTosHMA U
HauyoHanbHbIM . Mechanisms of Residual Polymer Removal in
nccnenoBaTeNbCKUi )
4-42 Hekpacos HukuTa MeTtpoBuny yHuBepcutet Solvent Mixtures after the Graphene. .
N Transfer and Effects on Channel Conductivity
«MOCKOBCKUIN UHCTUTYT
Gate Control
3/TERKTPOHHOW TEXHURMY
rocyapCTBEHHbIV AMamMeTpa nosia MoAbl IMH30BaHHOIO
4-45 MaHbKkoB AHaToNnM Cepreesuny HaUMOHaNbHbIN
BOJIOKHA, M3rOTOB/IEHHOTO METOLOM
nccnenoBaTeNbCKUM XMMUYECKOTO TPAB/IEHUA U ONaB/eHUA
YHWBEPCUTET
HHIY um. H.WN. Tuning the luminescence response of a
4-46 MepeToKuH ApTtem BuKTOpOBMY JNlobayesckoro / UOM photonic crestal with Ge(Si) nanoislands by
PAH changing the etching depth of holes
Optical properties of photo-
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Practical realization of free-space continuous-variable quantum key distribution
I. A. Adam ™, D. A. Karginal, A. S. Kolesnik !, B. A. Nasedkin!
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Abstract. Secure information exchange between two parties is a main goal of quantum
communication systems. Nowadays there are several commercial products of quantum key
distribution systems realized in a fiber optic environment. Nevertheless, for subsequent
development of quantum networks systems with a free-space channel must be investigated as a
solvation to the “last-mile problem”. In this aspect continuous variable quantum key distribution
protocols are promising candidates of implementation in free-space communication scenario due
to compact sizes, high key rates and low cost. As well these systems can be easily implemented in
mobile devices, including self-driving cars and drones. In this work system architecture in the
presence of free-space channel is discussed, influence of polarization and phase fluctuations on
system performance in turbulent atmosphere and methods of their compensation are investigated.
As well a secret key rate on small distances up to tens of meters is calculated. Obtained results
shows promising employment of continuous variables protocols in free-space quantum
communication systems.

Keywords: quantum communication, quantum key distribution, continuous-variables,
Gaussian modulation, free-space channel, turbulent atmosphere.

Funding: The study is funded by RPMA grant of School of Physics and Engineering of
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Introduction

Quantum key distribution (QKD) is a new communication technique between two parties,
theoretical security of which is guaranteed by the laws of quantum physics. Mainly QKD protocols
may be divided into discrete-variables (DV) and continuous-variables (CV) [1]. The former uses
single photon states (polarization, phase, time) to encode information about generated raw key
whereas the latter uses quadrature components of electro-magnetic waves. Thus, CV protocols are
able to use coherent detection methods as homodyne or heterodyne detection instead of single
photon counters which leads to decline of size and cost of final product.

Nowadays there are number of QKD systems with free-space channels [2], which have high
potential of implementation in quantum networks. However, current free-space systems, which as
well must solve the “last-mile problem” [3] of distribution quantum keys to final users, are still far
from compact and low-cost commercial products. The usage of CV protocols may become a
solvation to current problems as it is involves only the use of balanced photodetector and optical
hybrid (considering heterodyne detection and obligatory components) on the receiver side. Thus,
the study of practical realization of CV-QKD systems should be explored.

Materials and Methods
The experimental layout is based on the fiber CV-QKD systems, which are developed at
ITMO University. The main parameters of the layout architecture are listed in Table 1. They were
chosen for the reason of security, technical simplicity and high key rate [4].
Secure key rate calculation of the considered layout with free-space channel is done by

Eq. (1) [5]:

K= fgn (l_ FER)(]'_V)(BIAB_XEB)’ 1)



where fsym — symbol rate, FER — frame error rate, v — key fraction disclosed for parameter
estimation, § — post processing efficiency, las— mutual information between the transmitter (Alice)
and receiver (Bob), yes — Holevo bound.

Table 1
Free-space CV-QKD layout parameters
Parameter Value
Protocol Continuous-variable
Wavelength, nm 1550
Modulation type Gaussian
Detection type Heterodyne (double homodyne)
Reconciliation type Reverse
Local oscillator type Transmitted (on the transmitter side)
Organization of free-space Collimators, Telescope systems
channel (self-made)

For polarization multiplexing of the local oscillator and signal pulses it’s fluctuation in the
turbulent atmosphere should be investigated as well as the phase fluctuation compensation
algorithm [6]. For this purpose, simplified optical scheme of considered CV-QKD layout was build
and numerical experiments were taken.

Results and Discussion
Obtained results shows that polarization state doesn’t experience large fluctuations and could
be compensated by passive polarization controller (for example, half-wave plate). Applied
compensation algorithm has proven his efficiency on the small distances. The value of secret key
rate on the distance of several meters (3.5 m) was in order of Kbit/s which makes the usage of CV
protocols in free-space quantum communication quite promising.

Conclusion
In conclusion, the obtained results confirm the possibility of implementing CV-QKD
systems in free-space communication channel and the necessity for their further research and
development.
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Effect of sulfide—polyamide passivation on dark currents of the InAlAs/InGaAs/InP
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Abstract. The paper presents a study of the effect of passivation of the surface on
performance of the InAlAs/InGaAs/InP avalanche photodiode with mesa structure using treatment
in an aqueous solution of ammonium sulfide and subsequent protection by a layer of polyamide
(sulfide-polyamide passivation). It is shown that avalanche photodiodes with a photosensitive area
of 32 microns reproducibly demonstrate dark current below 10-20 nA at the level of 0.9 of the
breakdown voltage. A homogeneous distribution of the breakdown voltage value over the sample
area at -85V, as well as long-term stability of avalanche photodiode characteristics were observed.
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Introduction

The development of modern light detection and ranging systems for pilotless vehicles
requires the creation of compact, efficient, and highly sensitive detectors of laser emission in the
eyes safe spectral range of 1300-1550 nm. One of the approaches to creation of such detectors is
the use of arrays of avalanche photodiodes (APD) operating in Geiger mode [1]. APDs based on
InAlAs/InGaAs/InP heterostructures have certain advantages over widely used InP/InGaAs APDs
due to the large ratio of the ionization coefficients of charge carriers and their temperature stability,
which reduces the noise of avalanche multiplication and improves the thermal stability of the
breakdown voltage. The mesa structure is widely used to isolate the active area of the
InAlAs/InGaAs APD in the lateral direction. A serious problem of APD designs with a mesa
structure are surface leakage currents, which make the main contribution to the dark current.
Methods of mesa structure etching and the passivation with dielectric films has a significant effect

1
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on the surface leakage current value. For PIN photodiodes, an effective method of mesa structure
passivation in an aqueous solution of ammonium sulfide ((NH4)2Sx), so-called sulfide passivation,
was demonstrated, while an important point for obtaining a time-stable reduction of surface
leakage currents is additional protection of the surface with the oxygen—free dielectric coating [2].

Materials and Methods

APD heterostructures were grown by molecular beam epitaxy on semi-insulating InP(100)
substrates. The structures comprised a highly doped n-type InGaAs contact layer, a highly doped
n-type InAlAs layer, an undoped InAlAs multiplication layer with a thickness of 850 nm, a p-type
InAlAs charge layer, an undoped InAlGaAs gradient layer, an undoped InGaAs absorbing layer
with a thickness of 1700 nm, an undoped InAlGaAs gradient layer, a highly doped p-type InAlAs
layer, and a thin highly doped p-type InGaAs contact layer. After the formation of a top ring Ti-
Pt-Au contact, the mesa was etched in an HsPO4 : HBr : K>Cr20O7 solution with penetration to
highly doped n-type layers located between the multiplication layer and the substrate. Processing
of the surface in an aqueous solution of ammonium sulfide followed by a protective layer of AD-
9103-30 polyamide (sulfide—polyamide passivation) was investigated as an alternative option for
the passivation of a sidewall of the mesa structure.

Results and Discussion

The dependences of dark current and photocurrent on the applied voltage for a fabricated
InAlAs/InGaAs APD with sulfide—polyamide passivation of the mesa structure with a diameter of
32um at room temperature together with the corresponding dependence of the avalanche
multiplication factor were measured. Characteristic values of the dark current under U = 0.9Ubr
of the fabricated APDs were in the range of 10-11 nA, which confirms the effectiveness of the
proposed passivation method. An important requirement on the passivation technology is to ensure
the reproducibility and long-term stability of the parameters. The fabricated devices demonstrate
high uniformity of the breakdown voltage whose value is 85 V. The spectral sensitivity
(photoresponse) values in the 1550 nm region are 0.85-0.88 A/W, and their corresponding
capacitance values are 0.11-0.12 pF. The dark current of the investigated diodes does not exceed
20 nA.

Conclusion
The surface passivation of the mesa structure of InAlAs/InGaAs APDs using processing in
an aqueous solution of ammonium sulfide followed by a protective layer of polyamide of the
diodes with an active area diameter of 32 pm enabled reproducible achievement of dark current
levels of 10-20 nA under an applied voltage of 0.9 of the breakdown voltage, uniform distribution
of the breakdown voltage across the sample area at the level of —85 V, and long-term parameter
stability.
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Abstract. Faulty wheelset treads were identified as one of the major problems in the early
stages of car repairs. To reduce the stopping time of passing trains, laser profilometers were
introduced on the railway tracks. In the course of the work, data obtained from measurements of
various profiles of the surfaces of freight cars, including wheelsets, were analyzed in comparison
with reference profiles. An increase in measurement accuracy has been established by minimizing
the human factor, global digitalization of technological processes and automation of rolling stock
control along the route.

Keywords: laser profilometer, geometrical parameters, railway transport, wheelset.

Introduction

The traffic safety of railway transport largely depends on the quality of wheelset materials,
design, manufacturing technology, their inspection and repair. Due to large static and dynamic
loads, as well as violations of the rules for the technical operation of rolling stock, various defects
occur in the wheelset. The requirements of the parameters of wheel sets in the automated control
system for the operation of the rolling stock are met by laser profilometers, which are designed to
measure: the height of the flange, rolled products, the thickness of the flange, the steepness of the
flange, the thickness of the tire, the removal and analysis of the complete profile of the wheel tread,
the support of the electronic wear database wheelsets, carrying out tolerance control and sorting
during technical inspection, certification, repair and formation of railway wheelsets of rolling stock
[1,2].

Methods

The laser profilometer for determining the geometrical parameters of the surface profile
contains a laser radiation source with a laser beam-to-line converter, an optical matrix receiver of
reflected radiation, and an information processing device. The source of laser radiation is made in
the form of a semiconductor laser operating in a pulsed mode. At least one narrow-band
interference light filter is introduced along the reflected beam in front of the optical matrix
receiver. In addition, a semiconductor laser operating in the visible red wavelength range was used.
In addition, a semiconductor laser operating in the visible red wavelength range was used, the
temperature stabilization system was made on the basis of Peltier elements with a control controller
and a temperature sensor [3]. The information processing device is made in the form of a
programmable logic controller with real-time signal processing and calculation of the surface
profile. The block diagram of the laser profilometer is shown in Figure 1.

In contrast to the previously used templates for controlling the parameters of the wheel tread,
which were applied by employees of the railway transport structure, the laser profilometer in the
automated rolling stock control system fully automates this process. The laser signal leaves a wide
line on the photomatrix covering several points at once. Based on the point cloud obtained on the
basis of the image from the photodetector, the wheel profile is analyzed and control values are
calculated. Based on the point cloud obtained on the basis of the image from the photodetector,
the wheel profile is analyzed and control values are calculated. Since the wheel geometry changes
during operation, it becomes impossible to describe the new profile shape with sufficient accuracy
by the classes of initial functions.

To solve this problem, a polynomial model was developed. This model takes into account
the features in the distortion of the reflected laser radiation from the changed profiles of the wheel



during its movement. Accounting for these features makes it possible to realize the restoration of
the shape of the wheel pair profile more clearly in comparison with previously used methods.

Fig. 1. Laser profilometer. 1 — laser module; 2 — line generator; 3 — plane of laser radiation;
4 — controller based on digital signal processor; 5 - controlled object; 6 - optical system
of the photodetector; 7 - image of the probing laser radiation line on the photodetector;

8 - matrix photodetector

Results and Discussion

The use of a new model made it possible, using a laser profilometer, to create an automated
system that can more accurately control the geometric parameters of the surface profile, the
contour dimensions of the object, the relative position of parts, and the deviation from flatness.
The automated profilometer system allows not only taking pictures, analyzing the data obtained
based on their comparison with the basic standard, but also transmitting information. This helps to
estimate the number of errors in the received measurements and allows them to be converted into
digital data. This made it possible to integrate it into the universal digital hardware and software
platform of the automatic system for the operation of the rolling stock.

Conclusion
Just as a template is applied to a real wheel for measurements during the technical inspection
of a rolling stock car, so in the proposed method, measurements are made at points according to
the template. The technical result is an increase in measurement accuracy by minimizing the
human factor, global digitalization of technological processes and automation of rolling stock
control along the route.
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Abstract. In this work we report an improved photovoltaic performance of hybrid halide
perovskite solar cell with integrated into a active layer GaP nanowires. The incorporation of GaP
nanowires improves charge extraction from a perovskite layer. As a consequence, we boost the
MAPDI3 perovskite solar cell efficiency up to 18.8% by VOC and JSC enhancement. The provided
multi-physical theoretical simulations of the solar cells with the incorporated GaP nanowires
describe the mechanism of charge extraction and optical absorption improvement.
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management.
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Introduction

Since the very first report on lead halide organo-inorganic perovskite solar cells (PeSCs) was
published in 2009 [1] this research area saw an expeditious development due to the perovskites’
unique electronic and optical properties, such as tunable direct bandgap, high absorption
coefficient, low nonradiative recombination rate, high defects tolerance, and high charge carriers’
mobility [2]. Integration of low dimension structures into the perovskite active material aid the
PeSCs performance enhancement beyond physical limitations (i.e. optical losses in substrates and
charge transport materials, the lower light absorption of perovskite in the red spectral range and
charge recombination at interfaces between the perovskite and transport layers as well as between
perovskite grains). GaP nanowires are promising nanostructure to incorporate in PeSCs due to
high refractive index (n >3) allowing for strong light confinement, high transparency in the visible
wavelengths range [3], optimal thermal conductivity for optoelectronic applications in addition to
the band gap tunability via doping [4]. Here, we incorporate GaP (i-type) and GaP:Be (p-type
doping) NWs to be placed between a mesoporous TiO2 hole-transport layer (HTL) and MAPDI3
perovskite photoactive layer of n-i-p PSC to enchance light-harvesting and improve electrical
charge extraction inside of the perovskite layer. We report PCE 5.45% increment value for PSC
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with integrated i-GaP NWs and 8.48% PCE increment for GaP:Be NWs with the best device
possessing PCE 18.8%.

Materials and Methods

The numerical modeling of SC optical properties was performed with COMSOL
Multiphysics software. Self-catalyzed GaP NWSs grown on Si(111) substrates by solid-source
MBE using Ga as a catalyst were used in this study. The PeSCs were fabricated in n-i-p
architecture  with  Glass/FTO/c-TiO2/m-TiO2/GaP NWs/MAPDbIs/SPIRO-MeOTAD/Gold
structure. Our PeSCs underwent optical (i.e. photoluminescence (PL) intensity spectra, time-
resolved photoluminescence (TPL) decay spectra) and functional (i.e. J-V curves characteristics,
external quantum efficiency (EQE) and photocurrent) characterization

Results and Discussion

According to our simulation results introduction of GaP NWs leads to the bending of bands
near the NW edge, resulting in the emergence of a conductive channel inside of the perovskite
layer around the surface of the nanowire for holes, in case of the p-doped GaP NWs, and holes and
electrons in case of i-doped GaP NWs, respectively. Both effects improve PeSCs EQE, and,
consequently enhanced when compared to the reference cell photocurrent at the wavelength range
from 550 nm to 780 nm. After GaP NWs introduction perovskite film PL signal is improved by
12% and by 15% for the case of i-GaP and p-GaP NWs, respectively. PeSC reference best
performance: PCE = 17.5%, Voc 1.00 V, Jsc = 21.9 mA/cm? and FF of 80.2%. The cell with the
highest PCE (18.8%) contained p-GaP NWs and demonstrated a Voc of 1.04 V, Jsc of 23.6 mA/cm?
and FF of 76.3%. The best cell with i-GaP NWs was achieved a PCE of 18.5% with Voc of 1.03
V, Jsc of 22.4 mA/cm? and FF of 80.4%.

Conclusion
We proposed a novel approach to PeSCs performance advancement via GaP NWs
incorporation. The GaP NWs introduction improves electrical charge extraction and enchances
light-harvesting inside of the perovskite layer We report PCE 5.45% increment value for PSC with
integrated i-GaP NWs and 8.48% PCE increment for GaP:Be NWs with the best device possessing
PCE 18.8%.
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Abstract. Here we report on a novel architecture of inorganic perovskite light-emitting and light-
detecting electrochemical cell formed on silicon substrate. The cell’s active material layer consists
of a composite material made: halide perovskite (CsPbBrs) microcrystals, polymer support matrix
(poly(ethylene oxide)) , and added mobile ions (Li*). The proposed device emits light of 7000
cd/m? and electroluminescence efficiency of 1.3-10° Im/W at 523 nm. The light-detecting property
of the device is characterized by sensitivity up to 0.75 A/W, specific detectivity of 8.56-10 Jones,
and linear dynamic range of 48 dB. Moreover, since the device fabricated is fabricated on a silicon
substrate it exhibits 40% lower Joule heating compared to the perovskite optoelectronic devices
fabricated on conventional ITO/glass substrates.
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cell, photodetector.
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Introduction.
Halide perovskites are a type of semiconductor material that has many unique photoactive,
optoelectronic and photonic properties. They have a general stoichiometry of ABX3, where A is
usually either Cs, methylammonium (MA), or formamidinium (FA), and B is usually either Cl,
Br, or 1. The conventional perovskite light-emitting device is a perovskite LED (PeLED), which
typically consists of number of different material layers that must be carefully selected and
fabricated in a substantial number of technological steps [1-5]. On the other hand perovskite light-
emitting electrochemical cells (PeLECSs) are feasible alternative to PeLEDs. PeLEC consists of a
single multifunctional layer [6] — composite perovskite material, i.e., the mixture of inorganic
halide perovskite (e.g. CsPbBrs) nanocrystals acting as an electroluminescent component
embedded into polymer matrix (poly(ethylene oxide) (PEO) which aids ion transport and
passivates crystal grains, and mobile ions (Li* from LiTFSI). In such a device, the dynamically
formed intrinsic p-i-n structure is responsible for charge injection, facilitation of ion transport,
enhanced photoluminescence quantum yield (PLQY) and efficient electroluminescence [7]. One
of the significant issues in PeLEDs and PeLECs application for display design is Joule heating



poor endurance of conventional substrates (soda-lime glass, polyethylene terephthalate (PET),
etc.) [8-10]. Finally, expanding the functionalities of halogen perovskite devices [11-16] by e.g.
combining light-detection (or photovoltaic) regime of operation with light-emitting regime is still
an ambitious challenge.

Here we demonstrate PeLEC device consisting of a single layer of composite inorganic perovskite
material, i.e. CsPbBr3:PEO:LITFSI mixture. Owing to the fact that silicon thermal conductivity is
substantially higher than that for the ITO/glass structure, our device sustains a much higher level
of Joule heating during operation. Our device emits light at bias applied in forward direction and
detects light when reversed bias is applied.

Materials and Methods
Si*™(111) substrate patterning
The phosphorous-doped single-crystal silicon substrate <100> (n**-Si(100)) was used for device
fabrication. A thermally oxidated 200 nm thick SiO- layer was covered in a positive photoresist.
Next, the photoresist was patterned, developed and washed away. After that the SiO2 uncovered
2x2 mm? square areas were etched away with hydrofluoric acid (HF). The residual photoresist
photoresist was removed using the organic solvent dimethyl sulfoxide (DMSQ) and the substrate
was then washed in deionized water. Finally, bottom aluminum (Al, thickness ~ 200 nm) contact
was deposited on the back side of n**-Si(100) substrate by vacuum thermal evaporation.
Perovskite Solution Preparation.

The CsPbBr3 solution of 0.2 mmol/ml concentration was prepared by adding CsBr and PbBr
salts in a 1:1 molar ratio to anhydrous DMSO solvent and stirring the mixture overnight at 60 °C
at 300 rpm. To mix a composite perovskite solution the prepared CsPbBr3 DMSO solution,
poly(ethylene oxide) (PEO, Mw = 10° g/mol, concentration 20 mg-mL™') DMSO solution, and
lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) DMSO solution (concentration 10 mg-mL™)
were mixed in 1:0.1:0.01 dry components wt. ratio, respectively, with subsequent overnight
stirring at 60 °C and 300 rpm.

Device fabrication.

First, the patterned n™*-Si(100) substrates surface was activated in Oz plasma (P = 10 W) for
2 mins. Then, the perovskite active region (thickness ~100 nm) was fabricated through spin-
coating process in dry N> filled glovebox. After that, a ~40 nm thick layer of entangled SWCNt
network was placed on top of the patterned structure and densified with anhydrous diisopropyl
ether (DIPE).

Device Characterization

The device cross-section Sem imaging was performed using Zeiss Supra 25 SEM. The device’s J-
V curves and J tracking curves were acquired with a Keithley 2401 source meter. The device
luminance measurements were carried out using Telescopic Optical Probe 150 of CAS 120
Instrument Systems spectroradiometer. For photodetector behavior measurements, a continuous-
wave (CW) laser diode of 450 nm wavelength with the maximum output optical power density of
405.85 mW/cm? was used as an excitation source. Photodetector external quantum efficiency
(EQE) spectra were obtained using a 200 W halide lamp, monochromator Solar Laser Systems
M266, and calibrated reference Si solar cell. Heat distribution imaging was acquired with a
commercially available IR-imaging camera “Seek Thermal”.

Results and Discussion
According to cross-section (CS) SEM measurements the perovskite film thickness constitutes
~140 nm with average grain size of ~ 150..200 nm. Our light emitting device is a light-emitting
electrochemical cell, which provides light electroluminescence efficiency 1.3-10° Im/W and
luminance more than 7000 cd/m?. In the light-detecting regime of operation, sensitivity of our
device reaches 0.75 A/W with specific detectivity 8.56-10* Jones and LDR 48 dB. We have



successfully shown that PeLEC devices withstand 40% lower thermal heating, when 32.7% higher
electrical power is applied.
Conclusion

We have demonstrated dual-function PeLEC (light-emitting ang light-detecting device) consisting
of a single layer of composite inorganic perovskite material with improved Joule heating
robustness.
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Introduction
As is known, Lead Halid Perovskite materials are making headlines in the scientific journals, for
their promising optoelectronic properties in different fields and principally in the field of
photovoltaics [1]. However, the Lead side in Perovskites materials poses a serious ecological
problem. For this reason, came the choice of nanoparticles (NPS) CsPbls and CsPbBrs. The latter
were deposited as active layer on a tandem cell prepared beforehand by the PECVD process. In
this work we are more interested in the mobility of charge carriers within active layers and Bulk
c-Si. This type of material is characterized by the presence of an extended phonon disorder, this
phonon disorder gives rise to a unique electron-phonon coupling and dielectric responses. And to
better understand this, a measurement of the Impedance spectroscopy IS was carried out.
Methods and results

The measurement was made under identical conditions and the Bulk c-Si is taken as a reference
substrate. The Cole-Cole plots presented in Fig.1 for the two c-Si/CsPbls and c-Si/CsPbBrs3
structures with top ITO contact coincide with the equivalent circuit model and respectively
represent the series resistance, the recombination resistance and the geometric capacity, which

occur due to the accumulation of charge, the charge transfer resistance and/ or additional
interfacial electronic states.
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Fig.1. Representative impedance response for A — ¢-Si/CsPbBr3 under illumination at different
biases, B — ¢-Si/CsPbl3 under illumination.

When applying the polarization, the ohmic resistance of the contacts manifests itself by a zero

shift to the intersection of the semicircle with the axis of the high frequencies. This is in all

substrates including the reference sample. The series resistance represented R1 in the equivalent

circuit is quite important in the c-Si/CsPbls substrates while for c-Si/CsPbBrs and c-Si is more

and less similar. This is due to the interfacial interaction of charge carriers with ITO contact. A
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smaller interception means a lower series resistance. Under polarization applied for c-Si/CsPbBrs3
and c-Si (reference substrate). Similar behavior is noticed, the interception is very small by
comparing it to the interception without applied tension. It is also interpreted by the
recombination resistance (R2) which is linked to the arc. A larger arc radius indicates a higher
recombination resistance. The evolution of the diameter of the semicircles depends on the
increase in the applied tension which is linked to the recombination process. [2] This can be
explained by the fact that, as polarization through the N + -P junction, the Nyquist Plot radius
increases due to an increase in the conductivity of the diode. R2 gradually increases with the
increase in tension. On the other hand, a decrease in volume resistance is considered to be an
answer to the introduction of load carriers. On the other hand, a decrease in volume resistance is
considered to be an answer to the introduction of charge carriers.

In the Nyquist plot, a high frequency signature is observed with a line which is linked to the L1
element. It represents the parasitic tail in the Cole-Cole routes to high frequencies is attributed to
the parasitic inductance coming cables and electrodes. The relative contribution of this
component becomes significant under high polarization because the resistance of the cell
decreases with the increase in polarization. The CPE1l element is a non -ideal capacitor
associated with the P + -N junction in the layer of c-Si and the non -uniform distribution of the
dielectric relaxation time presented by inhomogeneity in the perovskite layer. When the biases
are applied, a significant decrease in the diameter of the semicircle arc is observed.
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Figure2. Nyquist plot of heterostructures c-Si, c-Si_CsPbBr3, c-Si_CsPbBr3.

It turns out that the addition of the CsPbls layer improves the photo-response under polarization,
but such a photo-response leads to a decrease in direct current conductivity. On the contrary, the
addition of the CsPbBrs layer blocks the photo response under the bias but slightly improves the
photo response for zero bias. The results obtained make it possible to improve the performance
of the next generation of SC c-Si in tandem with higher layers of NC in perovskite.
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Annotation. This research presents a study of the dependence of the addition of
ethylenediaminetetraacetic acid to the KDP crystal on the crystal growth kinetics and its
physical-optical properties.
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Introduction

Studies of emissions from high-power lasers have shown that these lasers can be used as
drivers for a fusion reactor. Such systems are being developed either in the United States
(National Ignition Facility project), France (Megajoule project), and other. In Russia, these
installations are based on iodine lasers - Iskra-4 and Iskra-5. A new laser system based on
neodymium glass, the Iskra-6, is currently being designed. These lasers generate radiation in the
near-infrared range. But for controlled thermonuclear fusion applications, lasers with visible and
near-UV emission are required. To convert the infrared radiation to visible and near-UV
radiation, frequency converters are made of potassium dihydrophosphate crystals (KDP). Also,
optical elements made of KDP crystals perform the role of laser pulse shaping.

The main advantages of optical elements based on KDP crystals are their transparency in a
wide frequency range, high threshold laser-induced damage and non-linearity coefficients.
Another important factor is the nature of KDP crystals. They are grown from aqueous solutions
based on the KH2PO, salt at temperatures near to room temperature. The peculiarities of KDP
growth made it possible to develop methods of growing large crystals, up to 1 m in cross-section

[1].

Rapid growth techniques are used for growing crystals up to 1 m in cross-section [1,
2].Studies have shown that rapid growth techniques are more sensitive to the presence of
trivalent metal impurities (e.g., AP*, Fe**) in the growth solutions. It is known that the addition
of chelating agents to the growth solution leads to reduce the influence of such impurities on the
growth process. One of such chemical compounds are ethylenediaminetetetraacetic acid
(EDTA).Also experiments show that addition of EDTA to the solution leads to leads to higher
growth rate of the boundary prism face, that is why there is interest in detailed study of EDTA
influence on morphology and properties of crystals [3].

The aim of this work is to study the effect of ethylenediaminetetraacetic acid on the growth
kinetics of faces and the optical properties of the KDP crystal.

Results and Discussion

The following concentrations of impurity in the solution were chosen for the study: 0,
0.001, 0.005, 0.015, 0.02 mol %, the low concentration of EDTA is a consequence of the poor
degree of solubility in water. In the work the kinetics of crystal growth was analyzed by adding
EDTA to the growth solution. The dependences of crystal growth rate on the value of solution
supersaturation were determined. It follows from the data obtained that the addition of EDTA to
a decrease in the dead zone and an increase in the growth rate of the prism faces depending on
supersaturation. The dead zone is the inert interval of the face growth rate at which the relative
supersaturation of the solution grows, but there is no crystal face growth [4]. At low
supersaturations (up to 0.3 °C) all investigated samples show the increase of prism face growth
rate. At increasing supersaturations, the greatest increase in the growth rate of the prism face
shows solutions with concentrations of 0.001, 0.005, and 0.015 mol %.Such supersaturation is
corresponds to the supersaturation region used in the rapid methods of growth. The



characteristics of the studied solutions are shown in Table 1 (ts—is the saturation temperature, T¢—
is the width of the dead zone, C—concentrations).

Tablel
Characteristics of the studied solutions
Ne 0 1 2 3 4 5
tn, °C 49.1 | 48.99 48.8 49.25 | 48.98 | 48.41
Tq, °C 0.3 0.3 0.22 0.23 0.24 0.22
C, mol % 0 0.001 | 0.005 0.01 0.015 0.02
pH 4.04 4.02 3.98 3.91 3.84 3.78

In the course of the work, crystals grown by the high-speed method [2] with concentrations
of 0 and 0.005 mol % were obtained. Their transmission specter and the value of the laser-
induced damage threshold were obtained.

The results obtained show the potential of investigating large concentrations of EDTA in
solution, but there are limitations on its solubility.
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Abstract. Boron phosphide is perspective material for solar cells based on BP/n-Si
heterojunction. Here, we investigate influence of parameters of growth conditions on
electrophysical properties of BP grown by PECVD. It was shown increase of conductivity with
increasing of plasma power and additional flow of hydrogen, and formation of defects in BP layers
and silicon wafers was detected by capacitance methods of admittance spectroscopy and DLTS.

Keywords: heterojunction, boron phosphide, capacitance-voltage profiling.

Funding: The reported study was supported by the Russian Science Foundation under the
grant number 21-79-10413.

Introduction

Silicon technology is the most advanced today, so the use of silicon substrates will remain
an important condition for the implementation of a highly efficient solar cell for mass production.
However, the developed methods for the formation of selective contact using amorphous silicon
and oxides have significant drawbacks - parasitic absorption and insufficient thermal stability,
respectively. Therefore, the perspective possibility is to use selective contacts based on phosphides
- wide-gap materials that have good thermal stability and resistance to degradation when used in
space, are more transparent in the ultraviolet region of solar radiation, and also have a band
structure that allows creating potential barriers at a heterojunction with silicon. For example, it
was theoretically shown in [1] that boron phosphide is one of the most promising binary
compounds for the creation of p-type TCM (transparent conducting material) to n-Si substrates,
since it is indirect-gap, has a large difference between the energy indirect (2 eV) and direct
transition (4 eV), which leads to a large break of the conduction band at the p-BP/n-Si
heterojunction, creating a selective contact for holes. In our previous work [2], BP layers were
grown by plasma-enhanced chemical vapour deposition (PECVD) in continuous mode from gas
mixtures of trimethylboron (TMB) and phosphine (PH3) used as precursors. However, high
content of carbon was detected, and capacitance measurements revealed the presence of electron
accumulation at the BP/Si interface, which can be explained by lowly doped or undoped BP and
Fermi level pinning at the BP/Si interface due to the presence of interface defect states. In this
study, we used diborane instead TMB to exclude carbon incorporation in BP layers, so here we
investigate electrophysical properties of BP layers grown by PECVD under different conditions.

Materials and Methods

Boron phosphide layers were grown in a standard Oxford PlasmaLab 100 PECVD (13.56
MHZz) plasma chemical deposition in continuous PECVD mode. BP layers were deposited on n-
type double-sided polished c-Si substrates with a doping level of Ng = 1 x 10® cm™ at 350 °C,
with a different plasma power (20-200 W) and pressure of 1000 mTorr. Furthermore, additional
dilution by flow of hydrogen and argon also was used in samples. Flow ratio of precursors PH3
and BzHe was equal to 2. Then, ohmic contact was fabricated to rear side of silicon wafers, and
gold was evaporated on BP to formation of Schottky barrier.

Results and Discussion
Current-voltage characteristics were measured at room temperature using a Keithley 2400
source-meter (Figure 1). Obviously, conductivity of layers with increasing of plasma power and
with additional flow of hydrogen in chamber. Furthermore, clear rectifying behavior is observed
for sample grown with 200 W plasma power and 100 sccm of hydrogen flow. It means existence

1



of space charge region due to potential barrier at interface Au/BP that suggests donor doped BP
layer. In this case, capacitance-voltage profiling was applied to this this sample at high frequency
of 100 kHz to probe heterojunction BP/Si, and deep-level transient spectroscopy revealed defects
with activation energy of 0.24 eV below conduction band. More detailed results of capacitance
characterization (capacitance voltage profiling, admittance spectroscopy, DLTS) of different
boron phosphide layers will be presented on the conference.
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Fig. 1. Current-voltage characteristics for structures Au/BP/n-Si grown under different conditions.
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Abstract. The influence of the black silicon (b-Si) morphology on the photovoltaic
properties of heterojunction a-Si:H/c-Si solar cell (SC) is investigated. We used cryogenic etching
(-150 °C) in a SFe/O2 gas mixture to obtain b-Si structures and a total reflectance in the range of
1-3%. The height of the obtained b-Si structures varies from 200 to 760 nm, the shape from
nanowires to cone-shaped. The heterojunction was fabricated via plasma-enhanced chemical vapor
deposition (PECVD) at a temperature of 250 °C. The best heterojunction solar cell based on a 200
nm height cone-shaped b-Si demonstrates a promising passivation properties reaching open circuit
voltage (Voc) of 648 mV. With a short-circuit current density (Jsc) of 29.7 mA/cm? and fill factor
(FF) of 67% an efficiency of 12.8% was achieved. The solar cells based on cone-shaped b-Si gain
also in external quantum efficiency (EQE) compared to b-Si in the form of nanowires.

Keywords: black silicon, amorphous silicon, heterojunction solar cell.
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Introduction

The technology of solar cell production based on the a-Si:H/c-Si heterojunction (HJT) is one
of the most promising concepts for a highly efficient silicon solar cell [1]. To reduce optical losses
and increase the efficiency of industrial heterojunction solar cells, pyramidal texturing is used,
obtained by the alkaline anisotropic etching [2, 3]. However, this approach works effectively in a
narrow range of wavelengths and angles of incidence [4]. In turn, black silicon (b-Si) has excellent
optical properties in both a wide wavelengths range and incidence angles [5]. Due to this property,
b-Si is an extremely promising solution for photovoltaic applications. However, formation of a-
Si:H/c-Si heterojunction based on b-Si faces a problem of Si surface passivation being an
important issue for HJT SC.

In this article, the influence of the black silicon morphology on the photovoltaic properties
of a solar cell based on b-Si is considered.

Experimental section

The n-type conductivity silicon wafers (100) with a resistivity of 2-3 Qecm were used. The
b-Si structures were obtained by cryogenic etching in SFs/O> inductively coupled plasma without
using a template. The substrates were cleaned using the Shiraki technology [6] after the cryogenic
etching. The combination of i- and p-type a-Si:H layers were deposited on b-Si structures via
PECVD from a gas mixture of silane (SiH4) and hydrogen (Hz) at 250 °C. A p-type boron doping
of a-Si:H layer was obtained by adding trimethylboron (TMB).

The |-V characteristics under AM1.5G illumination (Abet Technology SunLite) were
measured using Keithley 2400 source-meter. The EQE spectra were carried out using a reference
solar cell based on c-Si, a halogen lamp and an SLS M266 monochromator. The total reflection
spectra were measured using an integrating sphere in the range of 250-1100 nm.

Results and Discussion
According to SEM images, the b-Si height varies from 200 to 760 nm, the shape from
nanowires to cone-shaped. Black silicon achieves a total reflectance below 3% in a wide spectral
range. Photovoltaic parameters such as Voc, Jsc, FF and efficiency were calculated from
illuminated 1-V characteristics. The Voc varies from 440 mV to 648 mV depending on the b-Si

1



geometry. Voc is higher for cone-shaped b-Si of lower height. In the case of EQE, the SC based
on b-Si in the form of nanowires has lower values compared to that based on cone-shaped b-Si.
For the cone-shaped b-Si EQE gradual decreases below 860 nm with increasing height b-Si.

Conclusion
Amorphous/crystalline silicon heterojunction solar cells based on black silicon with different
morphology have been fabricated. All structures of b-Si achieve a total reflectance below 3% in a
wide spectral range. The best heterojunction solar cell based on a 200 nm height cone-shaped b-
Si demonstrated an efficiency of 12.8%. However, the achieved value of Voc (648 mV)
demonstrates that a good passivation of Si surface is obtained being a promising result for
fabrication a-Si:H/c-Si heterojunction based on b-Si.
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Abstract. Quantum key distribution (QKD) is a technology that allows reaching
unconditional security. However, QKD devices as well as a quantum channel connecting users
inevitably have imperfections. In this wok, we analyse non-idealities of quantum states for time-
bin encoding and introduce simple criteria, which allow to define measurable parameters for
numerical evaluation of such imperfections. We implement the proposed method for the QKD
system, where the time-bin encoding is performed with intensity and phase modulators.
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AnHoTtanus. Teopernuecku kBanToBoe pacnpezenenue kiouen (KPK) nmozsomnsier noctuun
0e3yCII0BHOM CEKPETHOCTH, OAHaKO, ycTporcTBa KPK, a Takke KBaHTOBBIN KaHaJ, COSAMHSIOIINN
MOJIb30BaTeNCH, HEM30€KHO HUMEIOT pPa3IMYHble HECOBEPIICHCTBA. B maHHOW paboTe MBI
aHAIM3UPYEM HEHUI€aTbHOCTH KBAHTOBBIX COCTOSIHMM Hpu (a3zoBO-BPEMEHHOM KOJIUPOBAHUU U
BBOJIUM TMPOCTbIE KPUTEPUHU, MO3BOJSIONIUE ONPEAEIUTh SKCIEPUMEHTAIBHO HW3MEPUMBbIE
napaMeTpsl NIl YUCICHHOM OIICHKM TaKUX HECOBEpUICHCTB. MBI peanu3yeM NpeioKeHHBIN
merox s cuctembl KPK, B koTOpoil (a3oBo-BpeMEHHOE KOIMPOBAHUE OCYIIECTBISETCS C
MOMOIUIbIO AMIUIUTYIHBIX U (pa30BBIX MOJYJIITOPOB.
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Introduction

Quantum key distribution (QKD) is a promising technology that takes a step towards
unconditional security. QKD protocols generally involve two sides: a transmitter and a receiver.
The transmitter prepares quantum signals and send them to the receiver via a quantum channel,
whereas the receiver performs quantum measurements in some basis. There are two widespread
methods to encode quantum states in QKD: polarization and time-bin encoding [1]. Polarization
encoding is common in free-space QKD, whereas the time-bin encoding is widely used in fiber
systems since quantum states encoded in the phase between pulses or in the time of their arrival at
the detector can be made immune to polarization distortions.

One often uses the quantum bit error rate (QBER) as a universal measure of the quantum
states quality. However, QBER depends on various factors [2] and it is quite difficult to separate
them and isolate the effects associated with non-idealities of quantum states. From an experimental
point of view, such separation could be helpful during the system setup. In this work, we introduce
simple criteria, which allow to define measurable parameters for numerical evaluation of such
imperfections.

Materials and Methods

The quantum state prepared for time-bin encoding can be represented by a tensor product of
consecutive weak coherent pulses: |y)=|a)®|B)=|a,B), where «, B are (complex)

amplitudes of coherent states in neighboring bins (time slots). To characterize the quality of |1//> :
we may use fidelity F, which is a measure of similarity of quantum states. For pure states |y)

and |¢), it is defined via the scalar product as F = |<1//|¢>|2 . For the states in the Z -basis, we define
fidelity as:

e , (0.1)

e V.5
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where |vac> is the signal in the absence of pulse (vacuum), s is a mean photon number in the

“non-empty” bin, and ¢ is the intensity of the signal, which is prepared instead of a vacuum state
due to modulator imperfections. Experimentally it is possible to measure mean photon number per
guantum state S, =s+¢ . Define the ratio of intensities in early and late time bins: r, =s/¢ .

Using the introduced relations, we will obtain:
SZ

6= r,+1
For the states in the X -basis, we assume that intensity of laser pulses in the early and late
time bins may differ by the value oy, whereas the phase difference can be prepared with an error
00 . In this case, fidelity is written as follows:

Fx :K\/;’\/ﬂ\/;’ ea‘em>r _ e—2§—5y+2Wcos((sg) :ef;/(mX ~2.fr c0s(50)) (0.3)

wherer, =(y+dy)/y. Such a fidelity depends on two parameters, oy and S50 ; therefore, it is
convenient to define additional fidelities:

(0.2)

FZH — FX |5y:0: e—2y(1—cos(§€)) (04)
Fe =F lsp0= e77(1+rx72\/§) (0.5)

Involving these parameters seems to be reasonable since r, u 66 can be easily measured
separately. Using numerical calculations, it is easy to show that F;>0.99 if 66<10° and
F, >099ifr, <14.

Results and Discussion

Using photodetector and oscilloscope, we acquired the shape of pulses in different bases and
calculated parameters r,, r,, and 66 . Calculated values and bounding criteria are presented in

Table 1. One can see that experimental values of generated quantum states satisfy boundary values.

Table 1 — Experimental and bound values of introduced criteria.

Parameter r, ry S50

Bound >20dB <14 <10°

Experimental value 85+45 dB 1.03+0.01 5+1°
Conclusion

In this work, we have introduced a method to estimate quality of quantum states. Proposed
parameters can be easily measured experimentally. To verify our method, we generated quantum
states within time-bin encoding scheme and evaluated these parameters. Obtained values
demonstrate that fidelity of prepared quantum states was greater than 0.99.
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Abstract. A method for calculating spectral diffraction lenses for focusing radiation of
different wavelengths at specified focal points has been developed, a method for calculating
cascade metal-dielectric layered structures for optical filtering has been developed, and a method
for obtaining neural network descriptors applicable to the analysis of hyperspectral data has been
developed.
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Introduction
The best-known diffractive lenses operating at multiple wavelengths are the so-called
harmonic diffractive lenses (HDLs) [1-3]. Compared to diffractive lenses (DLs), HDLs have M
times higher diffraction micro-relief and allow several different wavelengths to be focused into
the same focus using different orders of diffraction. At the same time, the operating wavelengths
of the GDLs must satisfy a certain analytical relation, which depends on M and the "main”
operating wavelength.

Materials and method

Previously [4] proposed a much simpler approach to calculating spectral diffraction lenses
(SDLs) that does not require iterative calculations. This approach is based on minimizing the target
function characterizing the deviation of the total transmittance functions of the SLLs at given
wavelengths from the total transmittance functions of diffracted lenses calculated separately for
each of these wavelengths. The results of comparing the TLSs calculated by the proposed method
with the known TLSs calculated by the binary search method show that the proposed approach to
the calculation of lenses provides a significantly higher efficiency.

To evaluate the effectiveness of the proposed method, an SDL focusing two wavelengths
1= 455 nm and /2 = 750 nm to two points in the plane z = f = 70 mm with coordinates x; = (-Xz, 0)
and x2 = (xz, 0), respectively, where x1= 0.26 mm, was calculated. The selected wavelengths are
used to calculate a modified infrared slope index used in "smart" agriculture to monitor forests and
determine anomalies in the state of the vegetation cover [5]. The SDL is located in plane z=0 and
has the following parameters: aperture radius R=2mm, maximum height of microrelief hmax = um,
number of quantization levels Q=256. These parameters correspond to possibilities of the
technological equipment used for SLD manufacturing. The values corresponding to the positive
photoresist FP-3535, which is described by the following Cauchy model, were used as indices of
refraction of the SDL material at the calculated wavelengths:

n(1)=A+B/ J>+C/ 1* (1)

whose parameters A=1.631, B=0.01267 um? and C=0.00118 pm* were determined on the basis of
ellipsometric measurements.

The topography of the SDL for these parameters is shown in Figure 1. When calculating
the values of microrelief height h; were determined in nodes uj=(u;,v;) of a square grid with step
A=2 pm.
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Fig.1. Microrelief of the SDL focusing wavelengths A1= 455 nm and A2 = 750 nm at two
points.

To assess the efficiency of the SDL, the intensity distributions formed by the lens were
calculated using the two-dimensional Fresnel-Kirchhoff integral. Based on these calculations,
cross sections of the two-dimensional distributions along the x-axis were plotted and presented in
Fig. 2.
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Fig.2. (a) Normalized two-dimensional intensity distributions formed by the calculated
SDL at the operating wavelengths A1 = 455 nm (top) and X2 = 750 nm (bottom); (b) Sections of
normalized intensity distributions along the x-axis for wavelengths A1, A1 £10 nm and A2, A2 £10
nm

Conclusion
An analysis of obtained data shows that the calculated spectral lenses really focus the
radiation of operating wavelengths to the given points, and the widths of the focal peaks coincide
with a high accuracy with the diameters of diffraction spots to "ideal" diffractive lenses. This
confirms the high efficiency of developed calculation method.
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Abstract. The necessity of using fiber-optic communication lines (FOCL) for testing active
phased antenna arrays (APAA) in landfill conditions in a complex electromagnetic environment
is substantiated. The advantages of FOCL application for working with microwave signals during
testing of various antennas especially in the far zone are noted. The developed two-channel FOCL
for measuring APAA parameters in the far zone is presented. The choice of the components of the
optical system for transmitting microwave signals is justified. The results of the study of the
characteristics of the fiber optic and directional patterns of antenna arrays are presented.

Keywords: Fiber-optic communication line, laser radiation, active phased array antenna,
microwave signal, far range, dynamic range, radiation pattern

Introduction

One of the difficult tasks that developers of antenna arrays solve is related to their testing
and configuration [1]. Especially the greatest difficulties arise with APAA due to the fact that it is
necessary to suppress the side lobes in the APAA directional pattern, and this requires tests in the
far zone [2, 3]. To ensure the conditions of the far zone it is necessary to spread the transmitting
module and the reflecting element over at least 1000 m and place the receiving horn at the same
distance or more. This will clearly determine the side lobes of the radiation pattern and the nature
of their changes from various parameters as well as other characteristics of the antenna. This is
only possible in landfill conditions. In this case it is necessary to solve the problem of transmitting
information without distortion in the area of high-power electromagnetic interference. The most
appropriate solution for the transmission of information in such conditions is the use of FOCL.
The development of a FOCL design for APAA tests in the far zone in landfill conditions is the
goal of this work.

Design of Fiber-Optic System and Principle of Its Operation
To measure the APAA parameters in the far zone in the landfill conditions we have
developed the following system the block diagram of which is shown in Fig. 1.

Fig. 1. Developed measuring system for testing APAA with FOCL.



The system consists of two antenna posts, the distance between which is 1 km. Antenna post
1 (AP1) includes the investigated APAA, microwave signal generators, spectrum analyzers, as
well as PC placed in the operator's post to analyze the results. Antenna post 2 (AP2) contains an
auxiliary horn. The signal between the antenna posts is transmitted via a fiber-optic
communication line.

This system allows measuring APAA parameters in two modes: transmission mode and
reception mode. The system also allows to work in two bands: 1-2 GHz and 8-12 GHz.

In the transmission mode the APAA unit connected to a generator and PC which control the
APAA with computer simulator installed in it, emits a signal in one of two frequency ranges, which
is received by the receiving horn. The signal from the horn goes to a low—noise amplifier (LNA),
and then to an optical transmitter. The optical signal is sent via fiber to the receiver in AP1. Then
the signal is sent via the switch to the PC at the operator's post. A signal is transmitted from the
spectrum analyzer through the switch to the PC, which is emitted by the APAA.

During tests of the APAA in reception mode the signal of one of the ranges from the
generator located in AP1 goes to the receiver through second channel of the FOCL, then to the
LNA and the horn, which acts as an element of the microwave signal emission. The received
APAA signal is sent to the spectrum analyzer, the information from which is displayed on the PC.

Results and Discussion

Amplitude characteristic of the developed FOCL for various frequencies of microwave
signal emission is presented. Analysis of the data obtained allows to establish that the dynamic
range of the microwave signal transmission is 60 dBm. This value is sufficient for stable
transmission of the microwave signal during APAA tests in various modes.

The frequency response of the FOCL was also measured at various temperatures. Results
show that the frequency response of the developed FOCL practically does not change in the
operating frequency range of APAA. This conclusion made it possible to conduct studies of
changes in the APAA radiation pattern in the landfill conditions with high accuracy and determine
the APAA parameters at which the suppression of the side lobes of the directional pattern is the
lowest. An example of the APAA radiation patterns in landfill conditions using a coaxial cable
and a fiber optic cable was obtained.

Conclusion

Analysis of the data obtained shows that the developed design can be used to configure and
test APAA in a landfill conditions in the frequency range from 1 to 12 GHz.

The results show that the developed design of the fiber optic cable is resistant to temperature
fluctuations in a wide range of its changes. It was also established that the gradient in the refractive
index that occurs in FOCL does not significantly affect the shape and structure of the transmitted
microwave signal.
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Abstract. Single photon detectors are required for registration of qubits in quantum key
distribution. Real detectors have non-zero dead time, which leads to a reduction in the key
generation rate. In our work, we evaluate the influence of detector dead time on the key generation
rate in measurement-device-independent quantum key distribution scheme with 4 detectors. We
compare the analytical estimate of the key generation rate with synchronous dead time and
numerical modelling assuming asynchronous dead time.
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Introduction

Measurement device independent quantum key distribution (MDI QKD) is a protocol with
great potential for development due to its unique features. It is easily scalable to create a network
of quantum encryption devices. However, in practical implementation, there are many limitations
that arise from imperfections in internal components that affect the key generation rate. The
recovery time of the detectors does not affect the generation rate if the generation frequency is less
than 1/t, where t is the detector dead time. However, modern frequencies at which generation
occurs have an order of 10® Hz, while the dead time of commonly used single-photon avalanche
detectors (SPAD) is 0.1-10 us [1], i.e., 1/t is of the order of 10° Hz. This fact clearly shows that
we cannot neglect the consideration of dead time of detectors in calculations. In this work, we
examine in detail the impact of detector dead time on the key generation rate in the MDI QKD
protocol with four detectors proposed in [2].

Materials and Methods

In general, the search an analytical solution when analyzing the influence of dead time of
the SPAD on the speed of generating a secret key in a scheme with four detectors and time-bin
encoding is a very difficult task. One of the advantages of this scheme compared to the classic
scheme with two detectors [3] is the ability to register successful events even with one triggered
detector, which increases the key generation speed. However, due to this fact, the analytical
solution probably has a very complex form. It can be significantly simplified by performing
calculations assuming synchronous dead time, i.e. excluding successful events if at least one of
the detectors is in recovery mode. This estimation was made in [2]. It has the form

B,r=0

— Yalb , 1 . 1
- 1+TR,, (1)

B,7#0



where B € {Z,X};y =s,if B=Z;y € {i,v,w}, if B = X; R — the number of events where at
least one SPAD triggers. The quantity R can be estimated as

Rtot = fz Pr(nclick 2 1 | l/jab)p(l/jab)’ (1 2)
Vab

where Pr(n,., >1|y,) — is the probability that at least one SPAD will "click" given that
v, = w,)|w,)state has arrived at the QKD system; p(y,) — is the probability that Alice sent
state |y, ), while Bob sent state |y, ); f —is the frequency of laser pulse preparation.

For a more accurate estimation of the key generation rate, numerical simulation can be used.
For example, one can use the Monte-Carlo method. A ‘naive’ implementation cannot achieve good
data processing speed. Therefore, we proposed a method of parallelization on graphics cards,
where all events with a random nature were simulated. After that, keys for different distances and
dead times of the detectors were obtained from the resulting data and it’s post-processing.

Results and Discussion
Using the parallelization method, the process of quantum key distribution was modeled for
various distances and dead times of the detectors. The obtained results show that the generation
speed is indeed slightly higher in asynchronous dead time mode. This fact is also an advantage of
using a scheme with phase-time encoding and four detectors.

Conclusion
In this work we provided the results of numerical modeling of the quantum key distribution
process in a protocol with an untrusted central node. The modeling process used parallelization
methods on graphics processing units to speed up data processing. The obtained results confirm
the assumptions made in [2].
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Abstract. The necessity of using fiber-optic communication lines for the transmission of
information is substantiated. The physical phenomena leading to an increase in the losses level in
an optical fiber exposed to y-radiation are considered. An experimental setup to measure the
dependence of radiation-induced losses on changes in the exposure dose of radiation has been
developed. A method for increasing the radiation resistance of an optical fiber under long-term y-
radiation influence for the case of analog optical signals transmission via fiber-optic
communication lines is proposed. Experimental results are presented.

Keywords: Analog optical signal, fiber optic communication line, y-radiation, exposure
dose of radiation, radiation-induced losses, Rayleigh scattering.

Introduction

Nowadays most of the ranges and stations need to organize high-quality communication
systems that are resistant to negative impacts. The number of cases of signal and information
transmission in a difficult environment has sharply increased. Communication systems should not
only ensure high quality of transmitting signal, but also have a long lifetime, because the prompt
replacement of failed components is not possible, as, for example, on mobile objects with a nuclear
power plant. So, this is the reason, why preference is given to the use of a fiber-optic
communication line (FOCL).

However, the use of FOCL on special objects is quite often difficult due to the sensitivity of
the optical fiber to the effects of y-radiation. Radiation accumulates in the fiber during its
operation, the power losses in the transmitted signals increase. Moreover, fiber recovery in FOCL
takes a long time period, during which the use of the communication line becomes impossible.

Previous researches [1, 2] confirmed the possibility of compensation of radiation-induced
losses in an optical fiber using additional laser radiation. However, long-term experiments have
established the following, that in an optical fiber with continuous using of this method, radiation
losses gradually accumulate, because of the power of radiation, the temperature and the
wavelengths of laser radiation, which is used for rapid relaxation. The application of the presented
method for analog signal transmission does not solve this problem, so there is a necessity to
provide additional research.

Experimental setup for research the possibility of analog signal transmission via
FOCL under y-radiation influence

To provide the researches of the changes in radiation-induced losses, signal shapes and laser
radiation spectrum from various factors, a previously developed experimental setup was
modernized [2].

In the experimental setup, a white light source and a spectrum analyzer are used to measure
the loss spectra. Tunable semiconductor laser (company Santec) 10. Three models of a tunable
laser, in which the radiation power is adjustable in the range from 60 to 120 dB, were used in the
setup. The wavelength ranges are: 380-760 nm, 740-1260 nm and 1240-1680 nm, respectively.
And also, UV solid-state laser Wedge-HF-218 (Bright Solutions, Italy) with A = 218 nm, power P
= 1-36 mW. Analog signals are transmitted via FOCL at two main wavelengths A1 = 0.85 um and
A2 = 1.3 pum.



Results and Discussion
For the experiments were used various wavelengths of analog signal transmission via FOCL
and additional laser radiation with A=1310 nm and A=1550 nm with a power of 80 mW. The
exposure of additional laser radiation was performed several times to completely "clean the fiber.
The experimental results are presented at the Fig.1 and 2.

1111

Fig. 1. The changes in the dependence of optical losses as using additional laser irradiation with
A =218 nm on time t in a single-mode fiber with SiO, — GeO, core (doping percentage 10%) at T
=294.3 K Graphs 1, 2 and 3 correspond to the different wavelengths A at which the analog optical
signal is transmitted in nm: 1310, 890, 680.
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N

Fig. 2. The changes in the dependence of optical losses as in laser radiation with A = 890 nm
on time t in a single-mode fiber with SiO, — GeO. core (doping percentage 10 %) at T = 294.3 K.
Graphs 1, 2 and 3 correspond to different number of y-radiation influence N on optical fiber in
races; 30, 50, 100.

Experimental results allowed to establish the dependence of the change of optical losses for
the fiber (after irradiation) on the wavelength of laser radiation. At the same laser radiation power,
the cleaning efficiency shifts towards a decrease in A.

The obtained results show almost complete restoration of optical properties of the fiber in
the FOCL after significant y-radiation influence (total exposure during the entire research cycle
amounted to 3 kGy).

Conclusion
Analysis of experimental results showed, that the presented method of “cleaning” optical
fibers for analog signal transmission is appropriate for using on mobile objects with nuclear power
plants and on special ranges, where there is a high y-radiation level.
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AHHOTanus. J[eTeKTOpbI OJIMHOYHBIX (POTOHOB HEOOXOIMMBI ISl PETUCTPALUUA KyOUTOB
IpU pacrpefesieHUd KBaHTOBBIX Kioueil. PeanbHble NETEKTOpbl MMEIOT HEHYJIEBOE MEpPTBOE
BpeMs, YTO NPUBOIUT K CHIDKEHHIO CKOPOCTHM TIeHepaluu Kiroued. B Hameilt pabore Mbl
OLICHMBAE€M BIIMSHUE MEPTBOIO BPEMEHHM JIETEKTOpa Ha CKOPOCTb TIEHEpallud B CXEMe
pacnpezenieHusl KBaHTOBBIX KIIIOYEH C HEJOBEPEHHBIM LEHTPaJIbHBIM Y3JIOM, cojaepkaied 4
neTekTopa. B pabore mpoBoauTCS aHaNMTUYECKash OLEHKAa CKOPOCTU TIeHEpaluu KIIoued ¢
CUHXPOHHBIM MEPTBBIM BPEMEHEM U UHUCIEHHOE MOJEIMPOBAHUE B MPEIINOJIOKEHUU
ACMHXPOHHOT'O MEPTBOT'O BPEMEHHU.
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Introduction

Measurement device independent quantum key distribution (MDI QKD) is a protocol with
great potential for development due to its unique features. It is easily scalable to create a network
of quantum encryption devices. However, in practical implementation, there are many limitations
that arise from imperfections in internal components that affect the key generation rate. The
recovery time of the detectors does not affect the generation rate if the generation frequency is less
than 1/t, where 7 is the detector dead time. However, modern frequencies at which generation
occurs have an order of 108 Hz, while the dead time of commonly used single-photon avalanche
detectors (SPAD) is 0.1-10 us [1], i.e., 1/7 is of the order of 10° Hz. This fact clearly shows that
we cannot neglect the consideration of dead time of detectors in calculations. In this work, we
examine in detail the impact of detector dead time on the key generation rate in the MDI QKD
protocol with four detectors proposed in [2].

Materials and M