Ministry of Education and Science of Ukraine

P 1

Proceedings of the
2017 IEEE 7" International Conference on
Nanomaterials: Applications &
Properties (NAP-2017)

& JProppariies

NAN@fmaterials:

Applications &

%
(S
xS,
S
(S
S
B
(S
(Sh
g
S
OIS
~
D
S5S
S
S
S)
(S
S

www.nap.sumdu.edu.ua

Sumy
Sumy State University
2017

R0IFAIEEENSSIntermationaliConte renceloniNanomate GialsPApplicationst&IRLropestie SN2 0j17)

Zatolkay Ukraines Se

o~ “h-
- roperties

S 3

o3 =

:

T = 2017, Part 1

S &

= ISBN 978-1-5386-2810-2
& @

@ _

= &%, =]

s O]

"

%

[,




Ministry of Education and Science of Ukraine
Sumy State University

Proceedings of the 2017 IEEE 7th
International Conference on

Nanomaterials: Applications & Properties
(NAP-2017)

2017, Part 1

Zatoka, Ukraine
September 10-15, 2017

Founded in 2012

Sumy
Sumy State University
2017



2017 IEEE 7th International Conference on
Nanomaterials: Applications & Properties

(NAP - 2017)

Copyright and Reprint Permission
Abstracting is permitted with credit to the source. Libraries are permitted to photocopy beyond the limit
of U.S. copyright law for private use of patrons those articles in this volume that carry a code at the
bottom of the first page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923. For reprint or republication permission,
email to IEEE Copyrights Manager at pubs-permissions@ieee.org. All rights reserved.
Copyright ©2017 by IEEE.

IEEE Catalog Number: CFP17F65-ART
ISBN: 978-1-5386-2810-2

Sumy State University
2, Rymskogo-Korsakova St.,
40007 Sumy, Ukraine

Copyright © 2017 by the Institute of Electrical and Electronics Engineers, Inc.
All rights reserved.


pubs-permissions@ieee.org

SUMY STATE UNIVERSITY
Proceedings of the 2017 IEEE 7tk International Conference on
Nanomaterials: Applications & Properties (NAP-2017)

2017, Part 1

EDITORIAL BOARD

Editor-in-chief

Alexander D. Pogrebnjak (Ukraine)
Deputy Editor

Valentine Novosad (USA)

Consulting Editors
Pawel Zukowski (Poland)
Serhiy I. Protsenko (Ukraine)

Managing Editor
Yurii Shabelnyk (Ukraine)

INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

Oleg Lupan (Moldova) Masakatsu Murakami (Japan)
Jindrich Musil (Czech Republic) Rodolphe Antonie (France)

Jean Roncali (France) Leonid F. Sukhodub (Ukraine)
Paul J. Chen (Singapore) Sergei Nepijko (Germany)

Bernd Rauschenbach (Germany) Jerzy Zuk (Poland)

Eva Majkova (Slovakia) Paulo J. Ferreira (USA)

Masaki Mizuguchi (Japan) Muhammad Bashouti (Germany)
Victor Sontea (Moldova) Gregory Abadias (France)
Nikolay Azarenkov (Ukraine) Ivan Yu. Protsenko (Ukraine)
Cyril Aymonier (France) Fadei F. Komarov (Belarus)
Andriy Kovalenko (Canada) Stan Veprek (Germany)

Marta Marszalek (Poland) Volodymyr I. Ivashchenko (Ukraine)

Yury Gogotsi (USA)

LOCAL ORGANIZING COMMITTEE

Alexander D. Pogrebnjak (Ukraine) Oleksandr V. Bondar (Ukraine)
Serhiy I. Protsenko (Ukraine) Kateryna Smyrnova (Ukraine)
Yurii Shabelnyk (Ukraine) Margarita Lisovenko (Ukraine)
Aleksey A. Drozdenko (Ukraine) Katerina Belovol (Ukraine)
Andriy Shypylenko (Ukraine) Yaroslav Kravchenko (Ukraine)
Artem A. Bagdasaryan (Ukraine) Vlad Rogoz (Ukraine)

IEEE Ukraine Section Conference Coordinator
Ievgen Pichkalov (Ukraine)
Anton A. Popov (Ukraine)



Table of Contents
2017, Part 1
Track: Properties and Characterization of Surfaces and Interfaces

Study of the Mechanical Alloyed Fe-Ni and Its Magnetic Properties
FArahbaknsh 1., ADDASI VL. ...........eeeeeeeeeiieeee ettt e e ettt e e e e e e s ebaae e e e e e e s e abaaaeeeeeeseatasaeeeaaesennneees 01PCSI01

Surface Bromination of Carbon Materials: a DFT Study
Lisnyak V., Yatsymyrskyi A., Grishchenko L., Diyuk V., Zaderko A., Boldyrieva O. ............cccccuveveuuennn. 01PCSI02

Effect of the Duration of Car Engine Operation on the Mechanical Contaminants in Its Lubricant
KUZEMQ P., KUZEIMQA O. ...cooeeeeeiieeeee oottt e ettt e e e e e e e eta e e e e e e e e s sabaaeeeaeeessnsbaaaeeeeeesasssabesaeaesennnnsens 01PCSIO3

Intrinsic Stresses in CrN Coatings Deposited at Different Angles of Incidence lons
Kalinichenko A.I., Perepelkin 5.S., Strel'nitsKij V.E. ........ccoueiiiienieeiieieiee sttt 01PCSI04

Resonance-related Mechanisms of Modifications in Surface Nano- and Micro- Layers of IlI-V
Semiconductor Compounds Caused by Microwave and Magnetic Fields
Red'ko R., Milenin V., Milenin V.V., Konakova R.V., Red’KO S.M. .......ccuueeeiieiiiiieeeiiiiiiieeiiieeeeeeeeeeenans 01PCSI05

Thickness Dependent Magnetic Transitions in lon Beam Sputtered Fe/Si Nanostructure Thin Films
Kumar A., Brajpuriy@ R., SINGR P. ...........ueeoiiuieeeeeiee e cetee e sctteeee et e e e tee e e st e e e e eate e e stveeeenataeeseasaaeesnraeeans 01PCSI06

Effect of the Residual Gases Catalytic Activity on the Island Tin Films Crystallization
Sukhov V.N., BIOShenko Z.V., SAMSONIK A.L...........couuevvreeiiieiieiiiiieeieeeieieiiiieeeeeeeesesisseeesseesesssseesesesseenns 01PCSI07

Wetting of Nickel Films of Variable Thickness by Island Lead Condensates
Dukarov S.V., Pojda V.P., CRULIIOV L.G. ...........ceeecueieeiiieeecitieeeeeiee e eeteeeestae e e e sttee e etreeessataeeeeaaeaesabeaeens 01PCSI08

Characterization of Multilayered ZrN/CrN Coatings Deposited by Vacuum Arc Technology
Maksakova 0., Pogrebnjak A.D., Kravchenko Ya., SIMOES S. ......c.coccvvvueieeneenieiieieniesieesie e 01PCSI09

Effects of Cr and Si Additions under the Various Deposition Conditions on the Mechanical Properties
of the (Zr-Ti-Nb)N Coatings
Maksakova O., Beresnev V.M., ESKEIMESOV D.K. ............oouuuvuueeieiiiiiiiiiieeieeeeeiiiiiieeeeseeesssissseeseessessnnees 01PCSI10

Investigation of the Magneto-optical Properties in Transparent Region of Implanted
(YBiCa)3(FeGe)5012 Garnet Films
Qe 1o Lo Lo o .= TS S 01PCSI11

Modeling the Noise Influence on the Metals Fragmentation Modes at Severe Plastic Deformation
Troshchenko D., Trofymenko P., Khomenko A., SOIONAI I. ..........c..cccueeveiiiieeieeiiieeieesiee e seieessaee s 01PCSI12

Supercooling During the Crystallization of In and Sn in Copper and Molybdenum Based Multilayer
Films
Petrushenko S., BIOSHENKO Z. V., SKIYI O.1. .........cccueeiueeicieeeieesieeeieescteeeieescteesveesteeeaeestaesraesraesnnee s 01PCSI13

Energy Spectrum of the Magnetic Bloch States of the 2D Electron Gas with Spin-orbit Interaction
Rashba-type and Hexagonal Warping Effect
FedUulov [.N., KRUAODING O......c...uuuveeeiiiiiiiiiiiiie ettt e st s e e ssabaa e e s s e e ssabaareeeeessenaaaees 01PCSI14

Influence of Obstacles on Equilibrium Properties of the Lattice Fluid on a Surface
Vikhrenko V., Argyrakis P., Giazitzidis P., Skarpalezos L., Groda Ya. ...........cccccccvueeeccueeecciieneeccieeeeeneen. 01PCSI15

C-1



Synthesis of Nano-dispersed Perovskites under Sonochemical Treatment and their Catalytic Properties
Khalameida S., Sydorchuk V., Volodymyr Starchevskyy V., KOval l. .........cccoevviiiiieeiiniiiieiniieee e, 01PCSI16

Morphologies and Photoluminescence Properties of Porous n-InP
Suchikova Ya.O., Bogdanov I., Onishchenko S., Vambol S., Vambol V., Kondratenko O. ..................... 01PCSI17

Formation of High Absorption Nano- and Microstructures on Metal Surface by Nanosecond Laser
Radiation
Tatur H., Bushuk S., Batishche S., Pilipenko V., Zhygulin D. ..............ccccooiiviueiiiiiiiieiniieeesiieeeeniiee s 01PCSI18

Functionalization of Surface Layer of Nanoporous Carbon Fibers with Bromine and Amine Functional
Groups
Lisnyak V., Grishchenko L., Vakaliuk A.V., Diyuk V., Boldyrieva O., Radkevich V.Z.,
IMISCRANCAUK O.V. ..ottt bttt e st e st e s bt e st e esabeesas e e sabeesaneens 01PCSI19

Current Transport through Ohmic Contacts to Indiume Nitride with High Defect Density
5ai P., SAfriuk N. V., SRYNKAIrENKO V. V. .......cccuueeieiiiiieeiiee e scieeeeetee e eete e s stve e e e stae e s aae e s staea e esrae e snnaeas 01PCSI20

Electrochemical Behavior of Silver in Dicyanoargentate Electrolytes
KUBIGNOVSKY V., BEISIFOVA O. .....cccuviieeiieeeiiiieeeeiieeeeeteeeesteeesestteeesettaaeesateeasesteeesssesesnstaseeessseeesnsreneans 01PCSI21

Influence of e-Beam Irradiation on Optical Properties of CugPSsI-Based Superionic Thin Films
Izai V., Bendak A.V., Haysak I.1., Okunyev A.G., Fradkin A.M., Studenyak I.P., KUS P. ...........c....cc.uo..... 01PCSI22

The Influence of Bombarding Particle Size on the Intensity of the Core-Shell Cluster Formation
Shyrokorad D.V., KOINICH G.V. ......c..uueeeeiie et e et e et e e etae e s stae e e e sata e e s aaa e e s abaaaeentaeesennaeas 01PCSI23

Influence of the Surface Acoustic Wave on the Electron States of Adsorbed Semiconductor Surface
Seneta M., PeleSRCRAK R., GUBDG S. ...........ocoovuueeeiiiiieiiiiieiiee ettt ee e e e seebatee e e s e e sesbaaaeee e e e sesasbaeeseesseenes 01PCSI24

One-step Free-template Preparation of Silica with Hierarchical Porous Structure
Sydorchuk V., Khalameida S., SKUDISZEWSKA-ZIEDA J. ...........c..oeeeeueiieecieeeeiiie et e e e 01PCSI25

CdTe Vapor Phase Condensates on (100) Si and Glass for Solar Cells
Nykyruy L., Saliy Ya., Yavorskyi R., Yavorskyi Ya., Wisz G., Gérny Sz., Schenderovsky V. ..................... 01PCSI26

Effect of Substrate Temperature on the Optoelectronic Properties of Si-C-N:H Films
Kozak A., Ivaschenko V., Porada O., IVASNCAENKO L. .........cccovuueuiiiiiiiiiiiiiiiii e ceeeiieaveee e sesnnaes 01PCSI27

Optical Properties of Thin Films CZTSe Produced by RF Magnetron Sputtering and Thermal
Evaporation
Koziarskyi I.P., Maistruk E.V., Koziarskyi D.P., Andrushchak G.O.............cccoceeveeiceeeieesiieeireescieeeineen 01PCSI28

Nanotechnology, Internal Mechanical Stresses, Optical and Electronic Properties of Nanostructures
with Germanium Films on Indium Phosphide Substrates
Matveeva L., Kolyadina E., Konakova R., Matiyuk I., Mitin V., Kholevchuk V., VengerE...................... 01PCSI29

Photoluminescence of Porous Indium Phosphide: Evolution of Spectra During Air Storage
Suchikova Ya.O., Bogdanov I., Onishchenko S., Vambol S., Vambol V., Kondratenko O. ..................... 01PCSI30

Stability of Magnetite Layer on Fe;0,/MgO(001) and Fe;0,/Fe/MgO(001) Films under 1MeV Kr* lon
Irradiation
Krupska M., Duda A., Kim-Ngan N.-T.H., BAIOGRA A.G............couuueeeoiiieeeeiiee et eceeeecteeeeecaea e eevaae e 01PCSI31

The Dynamic Destruction Aggregates in Nano Suspensions into Rotary Viscometer
KUZITIA O. .ttt ettt b bbb e ettt e e e bbbk e bt e b et ettt etenas 01PCSI32

C-2



Physical Mechanisms of Formation of Surface States at Si/SiO, Interface in the Nanosized MOS
Transistors
VOIKOV A., ANGAIEEV D.V. ...coooooeeeeee ettt ettt e e e e e ettt e e e e e s ettt e e e e e e e e saaataeeeeeesessssaeaeaeeeensnnees 01PCSI33

Electrodeposition of Composite Coatings with SiO, Nanopowder in the X-rays
Parafinyuk D., Lavysh D., Kasperovich A., VAIKO N...........ccccccooeiriiiiiiiiiieiieeeiee sttt 01PCSI34

Synthesis of Acrylic Acid via Aldol Condensation Reaction on Titanium and Mixed Vanadium-
Titanium Phosphate Catalysts with Different Porous Structure
Nebesnyi R., Ivasiv V., Shpyrka I., Nebesna Yu., Sydorchuk V., Khalameida S...............ccccoeeeuveencnnennn. 01PCSI35

Effect of DC Magnetron Sputtering Parameters on the Structure, Composition and Tribological
Properties of Tantalum Diboride Films
Pogrebnjak A.D., Goncharov A.A., Yunda A.N., Shelest I.V., Konarski P., Budzynski P. ........................ 01PCSI36

Electron-Phonon Interaction in Ternary Rare-Earth Copper Antimonides LaCuSh, and
La(CuggAgo.»)Sh, probed by Yanson Point-Contact Spectroscopy

Gamayunova N.V., Bashlakov D.L., Kvitnitskaya O.E., Terekhov A.V., Naidyuk Yu.G.,

BUKOWSKI Z., BADI[ M. .......ooeeeeieeeeiee e e et e e ettt e et e e e st e e s eate e e s etteaeesabaeeeenstaeesassaaesestaeseensaaeessreneans 01PCSI37

Track: Functional Nanostructured Coatings

The Shear Strength of Composite from the Titan and Hydroxyapatite3D Coatings with a New Type of
Porous Structure, Intend for Biological Application
Beresnev V.M., Kalita V.I., Radyuk A.A., Komlev D.l., Komlev V.S., Ivannikov A.Yu., Alpatov
A.V., Demin K.lu., Mamonov V.l., Sevostianov M.A., BAiKin A.S. ..........couuevvuueieiiiiiiiiiieeeeeeeiiiiineenseeenn 01FNCO01

Characteristics of Arc-PVD TiAISiY and (TiAISiY)N Coatings
Kravchenko Ya., Lebedynskyi I.L., latsunskyi I., Borysiuk V.N., Kylyshkanov M.K., Smyrnova
KV ettt et st h e a et ea et ea e e ea e et e et e e n s e e teeaeeeReeeReeaeenteenteenteenae st e beeteenteennas 01FNCO02

Synthesis and Properties of Infrared Reflection of Iron-Chromium-Based Cool Pigment
Souri A., Ghahari M., Mobarhan G., SAfi M. ........c.cccuieiieeiiiesieeeeeesteeete e sae e saeesre e sae e sare e saeennees 01FNCO03

Nanostructured PVD Film-Coated Alumina Powders for Thermal Spraying Technologies
Furman V., Smirnov 1., Chornyi A., DoIgov N., ANAreytSeVv A. ...........ccoueeeeeecieeeieesieeeieescreesisessseesiseenns 01FNCO04

Detection Properties of Individual and Networked CNT-ZnO—Hybrid Tetrapods
Lupan 0., Postica V., Sontea V., Trofim V., Schiitt F., Smazna D., Mishra Y.K., Adelung R. .................. 01FNCO05

Deposition and Research of High-entropy Carbide Coatings Based on Equiatomic AICrFeCoNiCuV
Alloy
Kovteba D., Gorban V., Karpez M., Andreev A., Cshikryzhov A., Ostroverh A., Serdyuk |I...................... 01FNCO06

Enhancing the Conductivity of ZnO Micro- and Nanowire Networks with Gallium Oxide
Smazna D., Wolff N., Shree S., Schiitt F., Mishra Y.K., Kienle L., Adelung R. ..........cccccovevvreevvvrescueennnen. 01FNCO07

Characterization of a Polydimethylsiloxane-Polythiourethane Polymer Blend with Potential as
Fouling-Release Coating
Baum M., Gapeeva A., HOIKen 1., AdIUNG R. ..........ccoccuueeieeeiee ettt e e et e eaae e eaaee s 01FNCO08

Titanium Surface Nanostructuring by High-intensity Ultrasound
Brezhneva N., Skorb Ekatering V., UlGseVich SVIQIANG A. ........occooueevuueeiiiiiiiiiiieeee e 01FNCO09

Influence of Roughness of the Substrate on the Structure and Mechanical Properties of TiAIN

Nanocoating Condensed by DCMS
Dyadyura K., Hovorun T.P., Pylypenko O.V., Hovorun M.V., Pererva V.l..........cccccccvueeeccueeeccineeecnnennn. 01FNC10

C-3



On the Increase in the Recrystallization Temperature of Nanostructured Vacuum Copper Based
Condensates
Glushchenko M., SODOI" O.V., ZUBKOV A.L ..........uueeeeeeeeeiieeeeee ettt e e et e e e e e e eaaa e e e e e e e e baaaeeaaeeean 01FNC11

Formation of Polyamide-6 and Chitosan Nanofibers for Air Filtration by Electrospinning
Prokopchuk N.R., Shahok Zh.S., Prishchepenko D.V., LURIN V.G. .........cccoceuiiviiieiiniiiiieiieeeeiee e 01FNC12

The Microstructure and Mechanical Properties of (TiAISiY)N Nanostructured Coatings
Smyrnova K.V., Bondar 0.V., Borba-Pogrebnjak S.0., Kravchenko Ya.O., Beresnev V.M.,
WA 10 1Y =] (o 1V - TSRS 01FNC13

Research of Topological Aspects of Adaptive Behavior
DAAUNASAVILT S ...ttt st st st bt e sb e et e s e b e b e resanesanesaees 01FNC14

Structure and Properties of Ti-Al-Y-N Coatings Deposited from Filtered Cathodic-arc Plasma in Gas
Ar and N, Mixture
Reshetnyak O., Luchaninov A., Vasyliev V., Strel’nitskij V., Azar G.T., Urgen M. ..........ccccoevvvvvvevvrvnnnne. 01FNC15

First-principles Study of the Stability of NbC-SiC Solid Solutions
Mediukh N.R., Ivashchenko V.., SNEVCRENKO V.l............oouuvvuueeiiiiiiiiiiiiiiiiieieiiiieeee e 01FNC16

Conducting Polymers in the Design of Enzymatic Sensors
Ramanavicius A., Mikoliunaite L., Gicevicius M., Popov A., Ramanaviciene A. ...........cccccceeeevuveeecrnnnnn. 01FNC17

Phase Evolution in the Al-Mg System During Mechanical Alloying
RUA A.D., LaKRNik A.VL, KIFIGN LM, ...ccooeureeiieeieeeciieiieee ettt e s et e e e s sbabae e s e e s sesbaaaeee s 01FNC18

Dependence of the Thermal Field in the Coated Cutting Insert on the Cutting Conditions
Goncharov A.A., Yunda A.N., Goncharova S.A., Belous D.A., Koval’ S.V., Vasilyeva L.V. ...................... 01FNC19

Structure and Properties of Nanoscale MoN/CrN Multilayered Coatings
Konstantinov S.V., Konarski P., Opielak M., Komarov F.F., Beresnev V.M., Lisovenko M.O.,
1oL Lo Tl VSRS 01FNC20

Effect of Deposition Process Parameters and High-temperature Annealing on the Structure and
Properties of (Ti, Si)N/MoN Vacuum Arc Coatings
Nyemchenko U.S., Srebniuk P.A., Meylehov A.A., Postelnyk A.A., Lytovchenko S.V., Sobol’
(O 1= LA VALY Y RSO 01FNC21

Structural Features and Physical and Mechanical Properties of AIN-TiB,-TiSi, Amorphous and
Nanocomposite Films
Demianenko A.A., BEIOVO!I K.O. ..........oouueeeeeieee e eeeeee e e eeee e et e eeeaee e eeaaeeeeetaeeeensreeeeeaeeesenaneeeen 01FNC22

Track: Plasma and lons for Surface Engineering. Radiations Effects
Modification of Magnetic Characteristics of Polycrystalline NiFe Films at the Irradiation Laser Pulses
and Formation of Regular Structure of Magnetic Nanoislands

Krupa MM, SRAIQY V. ...ooooneeieeeee ettt ettt e ettt e e e et e e e e eate e e s abe e e e sataeeeeasaeeeeeasaeaeentseaennns 01PISEREO1

Surface Patterning by Three-beam Laser Interference Lithography
Danylov A.B., IICRUK H.A., PELIUS R.YU. .......cccuueeeeiueeeeeiieeeeeieeeeecteeeeectee e e eaeeeestaeeeesaee e eeaseeaesataeaennns 01PISEREQ2

Influence of lon Bombardment on Mixing Processes in Multilayer Nitride Coatings With Nanometer-

size Period
Meylekhov A., Postelnyk A.A., Stolbovoy V.A., SODOI O.V. .........ccoeeeiuieiieeeiiiecieecie e sve e 01PISEREOQ3

C-4



Track: Nanoparticles and Nanodevices Production Technology

Molecular Dynamics of Aluminum Nanoparticles Friction on Graphene
Khomenko A., Boyko D., Zakharov M., Khomenko K., Khyzhnya Ya. ..........cccccoouvevvvieeeniiieeeecree e, 0INNPTO1

Synthesis, Characterization and Properties of Titanium Dioxide Obtained by Hydrolytic Method
KULUZOVA A., DONESOVA T. ..ccooereeeieeeeeeeciteeeee e eeettttee e e e e et e e e e s e e esbaba e e e e e e sesbaseeeeeeesessbataeeeeeesensreees 0INNPTO02

Nanoinformatics Application Framework for R&D and Industrial Analisys
OMelyanenko V., VOIOGIN D. ...........ccccueeeicuiieeeiiee e eeeee sttt e e etee st e e e st e e s e ate e e saveeessntaeesessaaeessreaaans OINNPTO3

Single Nanowire Nanosensors: Fabrication and Detailed Studies
Lupan O., Postica V., Lazari E., Gréttrup J., Kaidas V., Adelung R. ..........cccceeeceveeiciieeeiiieeeeeceee e 0INNPTO4

Fabrication of Nanostructures by Plasma and Laser Assisted Synthesis in Liquids
Tarasenko N., Nevar A., Butsen A., Tarasenka N., Velusamy T., Chakrabarti S., Mariotti D.,

Kabbara H., NOmINe A., BEIMONTE T. ........eeuveiiieiiiiieiieeiieieiiieeiee e eeiiateee e e e e sesiaseeeseeessssbaraeeseeesenasenees 0INNPTO5

The Criteria of Formation of InAs Quantum Dots in the Presence of Ultrasound
Peleshchak R., KUzyk O., DAN'KIV O. ........ccoccueeeeeiiiie e ccieeeestee e e itte e s tae e e e sitae e s eaaae e e stae e e estaaesnnanas 0INNPTO06

The Variety of Substrates for Surface-enhanced Raman Spectroscopy
Mikac L., Gotic M., GebaVi H., IVANAG M. .........ccccovuuuiiiiieiiiiiieieeeieieiiieeeee e esesiteeee e s sessaraeee e e e sesannaes 0INNPTO7

Properties of Ni-C Nanoparticles Synthesized by Submerged Electrical Discharge in Ethanol
Nevar A., Burakov V.S., Kirys V.V., Nedelko M.l., Tarasenko N.V., Tarasenka N.N. ........................... 0INNPTO08

Recuperation of Etching Solutions with Obtaining Pigments on the Basis of Ferrum Oxide
Derimova A., Frolova L., Savvin A., Prokopenko O. ..............ccccccueieciieeeiiieeeecieeeccieeesctveeeesvaeeeevaeas 0INNPTO09

Analysis of the Nanoparticles Ensemble Motion Including Nonextensive Properties
Yushchenko O., Zhilenko T., RUAENKO M. ............couuvvuueeieiiiiiiiiieieeseieieiiieeees e sesiaraees e e s ssssssraeseeeseennns 0INNPT10

Diamond-like Local Structures in the Ball-milled Graphite
Rud A.D., Kirian I.M., Lakhnik A.M., Kornienko N.E., Kirichenko A.N. .........cccccovueuiiiiiiiiiiueeneeeiiiiinnns 0INNPT11

Hydrophase Ferritization Activation in Fe?*-Ni**-SO,*-OH- System
Frolova L.A., SRPAEAKOVA R. .......c..euveeeeiee ettt eetee e ettt e et e e e et e e e s tae e e esata e e s eabaeeeeabaeeeenstaeeennnanas 0INNPT12

Gas Sensor Device Creation
NQGIrNYak S.V., DONTSOVA T.A. ......uueeeeeee et eeetee e eeitte e ettt e e e st e e e e tte e e s bae e e estteeeseataaeesabaeeeestaeeennnanas 0INNPT13

C-5



Track:

Properties and
Characterization
of Surfaces and
Interfaces



NAP-2017, 2017 IEEE 7th International Conference on Nanomaterials: Applications and Properties (NAP)

Photoluminescence of Porous Indium Phosphide:
Evolution of Spectra During Air Storage

Y. Suchikova, I. Bogdanov, S. Onishchenko

Dept. of Vocational Education
Berdyansk State Pedagogical University
Berdyansk, Ukraine
yanasuchikova@gmail.com

Abstract— The results of studying the nature of the porous
indium phosphide visible photoluminescence are presented in the
paper. The nature of PL bands in the spectrum visible portion is
described using the quantum-confined approach. The por-InP
PL spectra after exposure to air for 3 months were studied. As a
result, additional bands appear due to the skulling of pore walls
with oxides.

Keywords—  porous layers; electrochemical
photoluminescence; nanostructures; indium phosphide.

etching;

l. INTRODUCTION

Porous semiconductors are an object of study of scientists
for several decades [1-5]. Practical application of porous
crystals suggests the need for their obtainment with an
atomically clean surface [6, 7]. Interest in the study of the
surface and interfaces of semiconductors is conditioned by the
trend of microelectronics in the miniaturization of devices and
elements of integrated circuits [8, 9]. It is obvious that a
change of the surface chemical composition is associated with
processes causing a modification of its relief [10, 11].

The appearance of visible luminescence in porous
semiconductors is explained on the basis of various models
[12-14]. The most widely used model is the model based on
the size quantization, which explains the appearance of
luminescence by transitions to zero and one-dimensional
nanocrystallites, and its degradation by the processes arising
on the semiconductor surface [15]. As it is known, the
operating characteristics of opto-electronic semiconductor
devices depend on the crystalline perfection of surface layers
[16, 17].

Unlike silicon and germanium the semiconductor
compounds of A3B5 type have less hardness and are more
chemically active [18, 19]. On the other hand, the surface
properties of semiconductor wafers are most often used. This
is especially important when creating a nanorelief on the
semiconductor surface [20]. Types of treatments, in particular
finishing etching and washing, as well as prolonged contact of
the semiconductor with air, facilitate the formation of
hydroxide layers of thickness from 0.5 to several tens of
nanometers [21]. This results in the surface chemical
heterogeneity and causes further processes of the
semiconductor interaction with surrounding environment.
Composition of the residual oxide on the surface of wafers is
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not uniform in depth. It depends on the nature and ratio of the
etchant components [22]. Oxidation of the semiconductor
surface is a consequence of air effect after etching. The
crystal-oxide interface has a significant defectiveness. At the
interface between indium phosphide and oxides the defects of
stoichiometric composition are always available, which take
part in the formation of surface electronic states [23]. In
addition to the states located on the semiconductor surface,
surface states appear both inside and on the outer surface of
the oxides.

The purpose of this paper is to study the changes of the
porous indium phosphide photoluminescence spectra of when
stored in air.

Il. SAMPLES AND EXPERIMENTAL TECHNIQUE

For the experiment the single-crystal n-InP (100) samples
with a carrier concentration of 2.3 x 1018 cm-3 were chosen.
Porous layers of InP were prepared by electrochemical etching
of monocrystal n-InP in the solution of hydrofluoric acid with
platinum electrode at the cathode. Before the experiment, the
samples were purified in acetone, isopropanol and methanol,
then washed in distilled water and subjected to nitrogen gas.
Indium was sprayed onto the InP surface as a contact.
Platinum worked as the cathode. After cleaning the samples
were placed in an electrolytic bath with working surface area
of 0.12 cm2. As the electrolyte we choose a solution of
hydrofluoric acid, water and ethanol in a ratio of 1: 1: 2. For
the experiment the regime of constant voltage was chosen,
current density was chosen in illumination the range 50...100
mAJ/cm2, etching time — 5-20 min. The surface was uniform
over the sample area. Chemical composition of the samples
was studied using the EDAX method. The photoluminescence
spectra were recorded with the help of the spectrograph
VSWU-23 at room temperature. As the excitation source a
LGI laser with wavelength of 337 nm was used. Structural
studies of porous samples were carried out by X-ray
diffraction. To exclude the effect of volume on the X-ray
diffraction analysis results the study of porous layer was
performed by the method of sliding irradiation.

I1l. RESULTS AND DISCUSSIONS

The chemical analysis of the porous InP surface (the
spectra were taken in 4 points — see Fig. 1) showed a violation
of stoichiometry of the initial crystal. On the sample surface
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the oxygen atoms and an insignificant fraction of fluorine
atoms appeared (Table 1). This indicates the creation of so-
called native oxides of InP. It is known that formation of the
following thermodynamically stable oxides In(PO3)s, InPOy,
INPO3, IN,03, P,0s is possible.
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Fig. 1. Surface of porous n-InP(111), HF:H,0:C,HsOH, j=80 mA/cm?, t=10

v&\ ‘

min
TABLE I. PERCENTAGE COMPOSITION OF ELEMENTS ON THE SURFACE
OF POROUS N-INP
Spectrum o F P In
Spectrum 1 15.33 2.13 22.12 60.41
Spectrum 2 212 0.64 22.36 74.89
Spectrum 3 6.76 2.05 21.03 70.15
Spectrum 4 2.73 1.07 22.10 74.10

Analyzing Table 1, we can conclude that a uniform oxide
film did not form on the porous crystal surface. The
localization of oxides is observed only in some areas. X-ray
spectral analysis of the layers did not show the availability of
elements present in the electrolyte, except for a small fraction
of fluorine (1 — 2%) and oxygen, the appearance of which on
the surface of the samples may be associated with interaction
of the porous surface with atomic ambient oxygen.

X-ray diffraction analysis of porous InP samples indicates
that the porous layer lattice parameter and monocrystal section
of the sample coincide (0por = Omon = 5.8633A). In addition to
the diffractometric peaks from InP, peaks corresponding to the
cubic phase of In203 were observed. The percentage of other
oxides (In,O, InO, P,0s, P30s) is so small that they can be
neglected.

The presence of oxygen (2%) on the surface of just
prepared samples may be explained by the fact that even during
etching it may be embedded in the crystal structure, forming
clusters, islands and crystallites consisting of native InP oxides.
However, such a small amount of oxygen may not contribute to
the processes of radiative recombination of indium phosphide.
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Fig. 2. X-ray diffraction analysis of por-InP (j = 80 mA/cm2, t = 10 min)

Immediately after the purification procedure the samples
were placed in the vacuum unit for spectra measurement. In
Fig. 3 there are PL spectra of newly prepared samples.
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Fig. 3. PL spectra a) sample No. 1 (j = 30 mA/cm2, t = 10 min); sample No.
2 (j =50mA/cm2, t = 10 min)

The porous indium phosphide PL in the area of 500-800
nm are usually attributed to the inhomogeneously broadened
emission of nanocrystallites, which is determined by quantum-
size effect [24, 25]. The absence of contact between porous
InP and atmospheric oxygen gives grounds for exclusiom
from consideration the cause associated with various types of
oxides on the pore surfaces and their contribution to the
radiative recombination processes.

After the samples stayed in air for 3 months, the oxygen
content on the sample surface increased significantly.
Depending on the initial porosity the films had a different
proportion of oxide. Table 2 shows the oxygen content for
samples with various degrees of porosity.

01PCSI30-2
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TABLE II. OXYGEN CONTENT FOR POR-INP SAMPLES WITH VARIOUS
DEGREES OF POROSITY
Porosity, % Oxygen content, %
20 15
26 17
42 20
64 27

Such behavior of the samples is conditioned by various
factors. First, as a result of electrochemical etching the
semiconductor surface contains a significant amount of
defects, such as etched areas, dislocations exposing the crystal
surface. Secondly, such a surface is characterized by increased
concentration of broken bonds, which occurs as a result of
uneven etching of phosphorus and indium sublattices. All this
result in the formation on the crystal surface of oxide "islands"
and films.

As the porous indium phosphide is aged in air, the
maximum of the main band shifts to the short-wave side. The
PL brightness in por-InP aging increases. The spectra of PL
samples stayed in the air for 3 months are characterized by the
availability of two luminescence bands in the visible spectral
range — in the range of 535-560 nm and 440-460 nm (Fig. 4).
The band localized in the interval 440-460 nm may be
explained by the appearance of oxides on the crystal surface. It
should be noted that the study of the porous indium phosphide
PL spectra evolution over the time is a critical moment for the
further use of these structures, since the material oxidation
with time significantly changes its optical properties.

The shift of photoluminescence maximum to the spectrum
short-wave area may be explained by the skulling of
nanocrystallites by oxide layers, the interporous spaces
become much thinner (Fig. 5). The skulling of porous
nanomaterial by a layer of oxide occurs for certain reasons.
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Fig. 4. The PL spectra of porous InP samples that stayed in the air for 3
months
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Fig. 5. Diagram showing the skulling of walls between pores by oxides

Porous surfaces are characterized by high density of
surface states in the forbidden band, which results in the
fixation of Fermi level, the position of which on the surface
slightly depend on the nature of the adsorbed atoms. This
circumstance negatively affects the operation of many micro-
and optoelectronic devices, preventing to fully reveal the high
potential of these semiconductors. To eliminate the
undesirable surface effects on the properties of devices, the
direction, called "passivation", is actively developing in the
technology within the framework of which various methods of
surface treatment associated with the application of coatings
are developed [26].

IV. CONCLUSIONS

The results of studying the effect of electrochemical pore
formation regimes on the surface of indium phosphide
demonstrated the dependence of the optical properties of
porous structures on etching conditions. A study of newly
prepared porous samples using diffractometry and EDAX
method showed that the oxygen content on the surface of these
structures does not exceed 2%. PL spectra taken immediately
after the InP electrolytic anodization process demonstrate the
shift of the PL base band as compared to the monocrystal
indium phosphide to the short-wavelength area of the
spectrum. In this case the photoluminescence maximum is
localized in the area of (520 - 570) nm. The absence of contact
with atmospheric oxygen from newly prepared porous
structures allows for the conclusion that in this case it is the
low-dimensional effects that are responsible for the visible
photoluminescence in the InP porous layers.

The repeated studies of the samples after their presence in
air for 3 months demonstrate an increase in the oxygen
proportion on the crystal surfaces up to 27%. This effect is
conditioned by the oxidation of porous structures, which is the
more intense the higher the porosity degree of the samples to
be studied. This behavior may be described from the point of
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view of the effect of defects, dislocations and dangling bonds
on the process of the surface population by oxides. In this
case, spectra of the PL samples demonstrate the appearance of
additional emission band located in the range of 440-460 nm,
the nature of which is the presence of native oxides on the
porous InP surface.
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