«Saint Petersburg OPEN 2020»

A\

BOOK of ABSTRACTS

7" International School and Conference
on Optoelectronics, Photonics,
Engineering and Nanostructures

April 26-30, 2020 ¢ Saint Petersburg, Russia



“Saint Petersburg OPEN 2020”

7™ International School and Conference on
Optoelectronics, Photonics, Engineering and
Nanostructures

St. Petersburg, Russia, April 26 — 30, 2020

BOOK of ABSTRACTS

Academic University Publishing
St. Petersburg, 2020



Copyright © by 2020 St. Petersburg Academic University and individual contributors. All
rights reserved. No parts of this electronic publication may be multiple copied, stored in a
retrieval system or transmitted in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise, without the written permission of the publisher.
Single photocopies of single articles may be made for private study or research.

7™ International School and Conference “Saint Petersburg OPEN 2020” on
Optoelectronics, Photonics, Engineering and Nanostructures carries on the tradition of
annual conferences and schools organized at St Petersburg Academic University for
students, PhD students and young scientists.

More detailed information on the School and Conference is presented on
http://spbopen.spbau.com/

The Book of Abstracts includes abstracts of contributed works accepted for presentation
at the Conference.

The volume was composed by St. Petersburg Academic University from electronic files
submitted by the authors. Only minor technical corrections were made by the composers.

Chief Editor: A. E. Zhukov

Published by

St. Petersburg Academic University, Khlopina 8(3),
194021 St Petersburg, Russia

Printed in Russian Federation


http://spbopen2014.spbau.com/
http://www.spbau.ru/

Organizer

St Petersburg Academic University

Acknowledgements

SPI STUDENT
e CHAPTER
SAINT-PETERSBURG
ACADEMIC UNIVERSITY

RUSSIAN ACADEMY
OF SCIENCES

10P Institute of Physics



Head of Program Committee
Alexey E. Zhukov
corr. member of the RAS, HSE University, Russia

Program Committee

Andrey A. Lipovskii (Peter the Great St.Petersburg Polytechnic University, Russia)
George E. Cirlin (Alferov University, Russia)

Valentina V. Zhurikhina (Peter the Great St.Petersburg Polytechnic University, Russia)

Head of Organizing Committee

Alexey E. Zhukov (Alferov University, Russia)

Organizing Committee

Mikhail V. Maximov (loffe Institute, Alferov University, Russia)

Andrey A. Lipovskii (Peter the Great St.Petersburg Polytechnic University, Russia)
Valentina V. Zhurikhina (Peter the Great St.Petersburg Polytechnic University, Russia)
Viadimir V. Korenev (Alferov University, Russia)

Eduard 1. Moiseev (Alferov University, Russia)

Anna S. Dragunova (Alferov University, Russia)

Svetlana A. Kadinskaya (Alferov University, Russia)



Crystal growth and structural properties of nanostructures

1-1 Optical and photoelectric characteristics of the ZnS / por-Si / Si structure performed by
different technological routes
LIZUNKOVA DAFTA.... ettt ettt bbbttt bbbt bbbt n e 21

1-2 Au nanoparticle buried between magnetron oxide thin layers
[T e A = WY T 1] = ] - PSS 23

1-3 Self-organization of nano-islands of pure components during growth of a multicomponent
crystal via step-flow mode

REAKOV ALBXBY ...ttt sttt sttt e bt e bt et e bt et e e st e e bt e b e e nb e e bt et e eneeaneenbe e 25
1-4 Oriented nanonetworks and submicron fibres of nickel as a conducting coating
NTZAMEEY TTEK ... ettt ettt e st et e bt e s bt et e e bt e s b e e st e e bt e ebeesbeebe e st e enneaneenre e 27

1-5 Creation of profiled nanostructured surfaces of SiC on Si by the method of substitution of
atoms

GrashChenko AIBKSANAY ..ot 29
1-6 Preparation of Si substrates for monolithic integration of III-V quantum dots by selective
MBE growth

FOMINYKN NTKITA......eeiiee ettt a et b e e eere et e enaeaneenbe e 32

1-7 Optical transparency and conductivity of oriented platinum nanonetworks on a glass
surface
NIZAMEEVA GUIIYA ...ttt et et e et eesaeaneeste et e ereenteeneeaneenreens 34

1-8 On the synthesis of the carboxylated graphene via graphene oxide liquid-phase
modification with alkaline solutions
RYZNKOV SEIGRI ..ttt ettt sttt b e bttt b et e e b e e bt e nbe et e e bt e sbeeneeaneenbe e 36

1-9 Change in the forming voltage of the resistive switching in Pt/HfO2(10um)/TaN(5am)/TiN
structure after Ne+, Ar+ or Kr+ ion implantation
e AT Eo 1 (o) V7 T Lo - PSS 38

1-10 Modified silicone rubbers for fabrication and contacting of flexible suspended
membranes of n-/p-GaP nanowires with single-walled carbon nanotube transparent contact
[0 Tod 0 L= 1oLV <o (o] PSPPSR 40

1-11 The influence of the Fe2+ doping concentration on structure and spectroscopic
properties of transparent glass-ceramics based on Fe2+:ZnAlI204 nanocrystals

EFEMEEV KT ... ettt et et e st e e saease e s teesteereenteeneeaneenreens 42
1-12 Effect of the Al content in the substrate on the In nanodroplets growth by droplet epitaxy
ChernenKO NALAIIA..........ccoeiiiieii et e st e e s re e te e st e sraesteeneenneas 44
1-13 GaAs epitaxial growth on modified on-axis Si(001) substrates

Eremenko MIKNAIL.........ccuvoiiie ettt et e e re e neenre e 46

1-14 The misfit stresses of dilatation lines in semiconductor nanoheterostructures with
angular boundaries

GUAKING ZNNNAL. ...ttt ettt ettt b et e e s e st e e be s st e s beebe e st e s beenbeesbesbeenaeeneenreas 48
1-15 Infrared absorption and photoconductivity in Be-doped GaAs/AlGaAs quantum wells
KNAETN NTKITA 1.ttt ettt esb et et e b e ene et e nte e 50

1-16 3D+2D: Incorporation of 3D printing and graphene nanomaterials for the fabrication of
encapsulated flexible electronic devices
BOQOSIOVSKIY VIAIMIT .......eiiiiiiiiiicee bbbt 52

1-17 Investigation of optical and structural properties of three-dimensional InGaPAs islands
formed by substitution of elements of the fifth group
ANAryUShKIN VIAAISIAV .......ooiviiieiic ettt re et e sre e anes 54



Electric, Magnetic and Microwave Devices

6-1 Size effect in the kinetic properties in "'sized" films of Bi2Se3 topological insulator
ChISEYAKOV VASIIY ...ttt et e ae e te e e s reeeeenes 410

6-2 Simulation of induction chemical-thermal treatment of titanium disks in a massive
refractory container
VOTKO ALBXBY ...ttt sttt s e bttt s bt e bt e et e Rt e b e e bt e st e nbeebeeneenbeenbeeneenreas 412

6-3 Near-electrode polarization and determination of the mobility of intrinsic charge carriers
in PVDF films
K@MAIOV AIMAZ ...ttt b e bbbttt nns 414

6-4 Research of low noise pHEMT transistors in equipment for microwave radiometry using
numerical simulation

TIKNOMITOV VIGOIMIT ..ttt bttt e sbeenbeeneenreas 416
6-5 Quantum size effect and critical temperature of thin aluminum films
R T=T0 01V oo TSRS 418

6-6 Resonant activation of resistive switching in ZrO2(Y) and ZrO2(Y)/Ta205 based
memristors
BATANOVA VBT ...ttt 420

6-7 An artificial neural network as a predictor of electrical characteristics of nanoelectronic
device channel based on a low-dimensional heterostructure

PCRElINTSEY KITTHL ..o et pe e 422
6-8 Test element for high voltage SiC Schottky diodes quality control

SEUYKN SEIGRY ...ttt ettt sttt b e bt ab e s bt et e e s bt e bt e be et e ene e b e et aneenae e 424
6-9 Planar Schottky Diode with a I'-shaped Anode Suspended Bridge

IMIKNAYIOV DBNIS ...ttt ettt b et e st e et e bt e b e et e eneenbeenteenes 426
6-10 Choosing the electrode material for the fast electrochemical actuator

SNIEPAKOV PAVEL ...ttt b e neenae e 428

6-11 Efficiency of a Microwave Reflectometry for Readout of a THz Multipixel Schottky
Diode Direct Detector

PriKNOGKO ANGLOITY ..ot bbbttt 430
6-12 An improved design of a seesaw-type MEMS switch for increased contact force

IMAIUKNIN INTKITA ...ttt b bbbt nns 432
6-13 Bipolar resistive switching in memristors based on Ge/Si(001) epitaxial layer

SNENINA IVIATTA.....c.eee et bbbt b et et bbbttt e bt b e e st et e it e 434

6-14 Features of signal transmission through a fiber-optic system for an interference
compensation module for an active phased array antenna
V[0 oA Y T [=] [T - USRS 436

6-15 dV/dt testing of high voltage 4H-SiC Schottky diodes with different types of melal-
polymeric packages

L0 TZ= 1o AT T N ] SR 438
6-16 Application of developed MIC LNA in microwave radiometry equipment

(OF a1 41101V T=T oSSR 440
6-17 Analysis of the radio-frequency micromechanical switch

TKACNENKO ALBXEY .....ceeeie ettt e sttt e e e e e re e te e ae e s e s re et e eseesreenseeneeaseenaeaneenrens 443
6-18 Rotator for electromagnetic emission based on conformal mapping

e 0122 L0V AV F= T LTS 1R 447

17



Test element for high voltage SiC Schottky diodes quality
control

S V Sedykh?, S B Rybalka!, E A Kulchenkov', A A Demidov*, A Yu Drakin,
N A Bryukhno?, 1 V Kuftov?

'Bryansk State Technical University, Bryansk, 50 let Oktyabrya 7, 241035, Russia
’AO «GRUPPA KREMNY EL», Bryansk, Krasnoarmeyskaya 103, 241037, Russia

Abstract. In this study was constructed test element for quality control of SiC Schottky type
high voltage diodes. It is shown that proposed test element give possibility for determination of
parameters for testing diode before Schottky contact formation and therefore can be decrease
production costs in production of SiC Schottky type high voltage diodes.

1. Introduction

The Schottky type diodes on the base of silicon carbide (SiC) have several advantages over traditional
diodes because of high values of breakdown voltage and now are key components of power
electronics [1]. In our previous studies it is established that SiC Schottky diodes produced by company
the AO «GRUPPA KREMNY EL» (Bryansk, Russia) demonstrate good characteristics by dV/dt
parameter [2]. However, one of some problems is determination of quality of produced diodes during
their manufacturing procedure. Early was proposed test element for quality control of the manufacture
of GaAs Schottky diodes, consisting of a Schottky diode formed on an epitaxial structure of one type
of conductivity [3], but the main disadvantage of this test element is increased leakage currents of the
Schottky diode because of higher field strength at the boundary of the metallization edge of the
Schottky contact and the semiconductor. Therefore, structure 4H-SiC diode proposed in paper [4] is
more preferable. Therefore the main goal of this study is to construct test element for quality control of
SiC Schottky type diodes based on proposed in paper [4] Schottky structure diode.

2. Materials and methods

The proposed test element (see Fig. 1) has the following structure: on the silicon carbide substrate of
n*-type conductivity from 4H-SiC (1), an n™ -type epitaxial layer with 13 pm thick (2) with an
impurity concentration of 5x10" c¢cm™ is formed. Further, for increasing of breakdown voltage was
carried out implantation with boron ions (doses of 3x10" cm™ and 6x10" cm) with energies of 150
keV and 350 keV, respectively (depth of ~0.67 pum), then p-type planar working junction 3 and a p-
type dividing ring were formed (4) by annealing at a temperature of 1580 °C. Then, a silicon oxide
layer SiO, (5) is formed two contact windows 6 were etched in oxide layer SiO,.

3. Results and discussion

If voltage is applied between the planar working junction (3) and the dividing ring (4) (see Fig. 1) we
can determine the pinch-off potential of ring after the formation of the dividing rings before the step
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Figure 1. The structure of the test element: 1 — n* -type substrate; 2 — n~ -type epitaxial layer; 3 — p-
type planar working junction (collector); 4 — p-type dividing ring (emitter); 5 — layer of SiO, silicon
oxide; 6 — contact windows; d — is the gap between the emitter and the collector.

when Schottky contact is formed. Then, based on the obtained value of the ring potential, we can draw
conclusions about the correct choice of the gap and the annealing mode, which increases the efficiency
of control. As a rule, if pinch-off voltage U, is high (>150 V) there is possibility redistribute of boron
by mean of impulse annealing, but in case if U, is small (<70 V) it lead to rejection of testing diode
before Schottky contact formation that can be decrease production costs. Some test results of diode
with various gap between emitter and collector are shown in Table 1. As follows from obtained data
the optimal gap is 2.5 pum when breakdown voltage (~1550 V) is more then in case of 1.0 um (~1150 V).

Table 1. The measurement results of the two test elements and Schottky diodes with different
gaps d, fabricated on the same epitaxial structures and technological conditions.

No. d (um), gap between Number of U, (V), pinch- U (V), U (V), dvi/dt (V/ns),
emitter and collector rings in testing  off voltage of ~ breakdown breakdown speed of reverse
diode emitter—collector ~ voltage voltage  voltage increase
for test cell (25°C) (60°C) before failure
1 2.5 5 130 1550 1540 200
2 1.0 5 50 1150 1140 200

4. Conclusions.
Finally, the proposed test element allows to choose optimal parameters for SiC Schottky type high
voltage diodes before Schottky contact formation operation and spare production costs.
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