OT3bIB HAYYHOT' O PYKOBOJIUTEJIA

o mucceprante HEPAJJOBCKOM Makcume MuxaiiaoBude npyu padote Hal
JUccepTaluen

CO3JAHUE U UCCJIEJOBAHHUE OIITHYECKHUX BOJIHOBOAOB C
PETYJISPHOM TOMEHHOM CTPYKTYPOI B HUOBATE JINTHUS
MPEJICTABJEHHON HA COUCKAHHUE YYEHON CTENNEHH

KaHguaaTa (l)I/I3I/IKO-MaTCMaTI/ILICCKI/IX HayK I10 CIICIUAJIBHOCTH

01.04.07 — ¢pu3vKa KOHAEHCUPOBAHHOI'O COCTOSHHUSA

Hepanosckuit M.M. B 2012 rogy OKOHYWJI Maructparypy pusudgeckoro QaxyJbrera
MHCTUTYTa €CTECTBEHHBIX HAyK Y palbCKOro (eaepaJbHOr0 YHUBEPCUTETAa UMEHHU IEPBOTO
[Ipesunenta Poccuu b.H. Ensuinna no HanpaBnenmo «HaHoTexHonorun». B ToMm xe romy
OH TIOCTYNWJI B OYHYIO acCIHpaHTypy Ha kKadenpy xommbroTepHOd ¢pusuku MEH YpdV.
Temaruka Hay4dHO-UCCleqoBaTenbCcko paborsl Hepamockoro M.M. cBs3zaHa ¢
KOMIUIEKCHBIM ~ HCCJIEIOBAHHEM  BJIMSHHUS  BOJHOBOIOB, IIOJYYEHHBIX  pa3IU4YHBIMU
BapMaHTaMHU METOJa IMPOTOHHOTO OOMEHa, Ha MapaMeTpbl JOMEHHOW CTPYKTypbl W Ha

KHHETHUKY JOMEHOB IIpU IIEPEKIIOYCHUHA ITOJIApU3allui B HUOOATe JTUTHUSL.

JuccepranmonHas paboTa BBIIIOJTHEHA B paMKax COIVIAIIEHUs Ha HaIMCaHue
JVICCepPTallUU IO/l ABOWHBIM HAayYHBIM PYyKOBOJACTBOM MEXIy YHHBepcuTeroM Humue! -
Codun Antunonuc B 1abopatopuu GU3NKKU KOHICHCUPOBAHHOI'O COCTOSHMS U Y paJIbCKUM
benepanbHbIM yHHBepcuTeToM uMeHH TmepBoro IIpesunenta Poccunm bB.H. Enpuumna B
7a00paTOpUM CETHETOIJIEKTPUKOB OTIENa ONTO3JIEKTPOHUKH U IOJYyIPOBOIHUKOBOM
TEeXHUKH VIHCTUTyTa €CTEeCTBEHHBIX HayK C MCIIOJIB30BaHHEM 00OpYIOBaHUS Y PalbCKOIO
LIKII «CoBpemeHHbIe HaHOTEXHOIOTUM» YpDY B paMKax UCClIeI0BaHUMN, IPOBOAUMBIX IIPH
YaCTUYHON MOJIEp)KKE HECKOAbKUMU rpanTamu PODU, Poccuiickoro HaydHoro ¢ouna,
MunucrepcTBa 00pa3oBaHus U Hayku POD.

Hepanosckuit M. M. umeer 35 myOnukanuii mo Teme AuccepTaluy, BKJIo4das 5 crarei
B PELIEH3MPYEMBIX Hay4yHBIX KypHanax u3 nepeuHs BAK u 30 teszucoB Bceepoccuiickux u

MEKITY HapOIHBIX KOH(EpEHIIHIA.



Hepamosckuit M. M. monyuun ctunesauio npasurenscrsa Opanunu B 2013-2014 rr.,
2014-2015 rr. m 2015-2016 rr., crunenguro Ilpesuaenta P® jging  acrnupaHTOB,
00y4aroImuxcss T0 HampaBlICHHUSM TOATOTOBKH, COOTBETCTBYIOUIMM IPUOPUTETHBIM
HAINpaBJICHUAM MOJCPHU3AIMH ¥ TEXHOJIOTUIECKOT0 Pa3BUTHUS POCCUHCKOM 3KOHOMUKH PD
B 2015-2016 rr., sBisgeTcs nodeauTesieM KOHKypca Ha IMPOBEICHUE HAYUHBIX UCCIEI0BaHUN
acCTIMpaHTaMU U MaruCTpaHTaMU Y pasIbCKOTo (heaepanibHOr0 yHUBEPCUTETa UMEHH TIEPBOTO
[Ipesunenta Poccuu b.H. Enpumna B 2012-2013 rr.

K mnacrosimemy BpemeHu HepagoBckuM M. M. Ha OCHOBE [NETalbHOIO H3y4EHHs
pa3IUUYHBIX BAapHAHTOB IMPOBEIEHHS Ipollecca IPOTOHHOrO OOMEHa U OCOOEHHOCTEH
KAHETUKH JIOMEHHON CTPYKTYphl B HHOOATe JIMTUS C BOJHOBOJAMH IIPU IIEPEKITIOUEHUU
NOJSIPU3aLMN  TPWIOKEHUEM  BHEIIHEro 3JEKTPUYECKOro IMOoJs M IPU  IOMOLIM
COKYCHUPOBAaHHOI'O 3JIEKTPOHHOIO Jy4ya, OBUI MOJy4EH psiJi OPUTMHAIBHEIX M 3HAYMMBIX
pe3yapTaToB. BriepBeie oOHapy’keHa [aerpajauusi peryasipHOM NOMEHHOHW CTPYKTYpEHl, 3a
cuer 00pa3oBaHMA HAHOAOMEHOB TIyOMHON 10 15 MKM B TIpaJMeHTHBIX KaHaJIbHBIX
BOJHOBOJAX IIOCJIE 3aBEpIIEHHs IPOTOHHOro obMmeHa. IlokasaHO, 4YTO yMEHBIUEHHE
rpaiveHTa B BOJIHOBOIE IIO3BOJIAET H30eKaTh JAerpajanui. BrepBble 0OHapyXeHO
TUTAaHTCKOE YMEHBIIEHHE IIOPOrOBOTO OIS 3apoAbllleo0pa3oBaHKMs B I'PaJUEHTHBIX
BOJHOBOJAaX, KOTOpPO€ BBI3BAHO (OPMUPOBAHHEM B  IPUIIOBEPXHOCTHOM  CIIO€
HE3a3KpaHUPOBAHHOIO [EMOJSAPU3YIOLIET0 MOJS. BBISBIEHO OUCKPETHOE NEPEKTIOYEHNE
MOJISIpU3allii B HUOOATE JIUTUS CO CTYyNEHUYaThIMU IIJIAaHAPHBIMU BOJIHOBOJAMM, BBI3BAaHHOE
yMeHbIIeHHEeM 3((EKTUBHOCTH BHEIIHETO 3KPAaHHPOBAHUS ACTIONSAPU3YIOMIMX IIOJEH, a
Takke (GOPMUPOBAHUE U POCT JOMEHHBIX Jy4eil MpH HaIWYMM I'pajMeHTa IMOJISApU3aLUH,
BbI3BaHHbIE HEIPPEKTHBHBIM OOBEMHBIM JKpaHHpoBaHHEM. OOHapyxkeH 3hGeKT
M30TPOITHOTO POCTa JOMEHOB NpU OONYyUYEHUU CPOKYCHPOBAHHBIM 3JIEKTPOHHBIM JIy4OM
HHOOaTa JWUTUS C TPAaJUEHTHHIM IUIaHAPHBIM BOJHOBOJOM, OOYCIIOBJIEHHBIA CIIMSHHUEM
pacTyumero JAOMeHa C H30JIMPOBaHHBIMH  HaHOJOMEHaMmH. [IponeMoHCTpHpoBaHa
BO3MOXHOCTh  CO3[aHUSl  pEeryJsipHOH [OMEHHOW CTPYKTYphl  C(OKYCHPOBaHHBIM
SJIEKTPOHHBIM JIydOM B HuoOaTe autus ¢ KaHadpHbIMU SPE BomHOBOZamu, W mMojydeHa
reHepanys BTOPOM TapMOHHMKHM JIa3€pHOTO0 H3JIy4YEHHs C [UIMHOW BOJHBI B II0JIOCE

NIpOITyCKaHus OJI TEJIEKOMMYHUKAIIMOHHBIX CUCTEM.



Bce HOBBIE HayuyHBIE pe3yJibTaThl, IMPUBEIACHHBIE B IUCCEPTALMOHHON paborTe,
MIOMY4YEHbl COUCKATEJIEM JIMYHO WA IIPH €ro aKTUBHOM HENOCPEICTBEHHOM YYaCTHH.
Pe3ynbTaThl ¥ WX TPAKTOBKA C OOJNBIIMM HHTEpECOM OOCYKAANIUCh M OBLIM OZOOPEHBI Ha
Bcepoccuifckix 1 MeX Iy HapOIHBIX KOHQEPEHIIUAX.

CnemyeT OTMETHWTh, YTO Kak HayyHeIi coTpyaHuk Hepamosckuit M.M.
3apeKOMeH0Bal ce0si BBICOKOKBATM(QHUIMPOBAHHBIM TaJaHTIMBBIM JKCIIEPUMEHTATOPOM.
OH MPOAEMOHCTPUPOBAJT YBIECYEHHOCTh, BHICOKYIO 3(P()EKTUBHOCTh U CaMOCTOSATEIBHOCTS.
Kak HayuyHBIi pyKOBOIOUTENb, I MOTY OXapaKTepHU30BaTh €ro KakK BIIOJIHE CJIOKUBIIErOCS
HCCIIeI0BaTeNs.

Cumrato, 4YTO [AMccepTallMOHHAas paboTa, HECOMHEHHO, YIOBJIETBOPSET BCEM
TpeboBaHusaM, npenbsaBiasieMbiM BAK PO k xkanauaarckum aucceprauusM, a HepanoBekuii
Makcum MuxainoBud 3aciayXKUBaeT TPHUCYKICHUS YYEHOH CTeNneHM KaHauzaTa (QHU3HMKO-
MaTeMaThuyeckux Hayk mo crneundanbHocTd 01.04.07 — @usuka KOHIECHCUPOBAHHOTO

COCTOsIHHA.

HayuHbI#1 pyKoBOIUTEND,

JIOKTOp (u3.-MaT. HayK, Ipodeccop, IIaBHBIN Hay4HBIH COTPY IHUK
OTZEeJ1a ONTONIEKTPOHUKH U IOy IPOBOJHUKOBON TEXHUKHU

Hay4YHO MCCIIEI0BATEIbCKOI0 HUHCTUTYTA

Ousuku u [IpuknanHoil MareMatuku THCTUTYTa €CTECTBEHHBIX HAyK
OI'AOY BIIO «Ypansckuil ¢penepaibHblii yHUBEPCUTET

umenu nepsoro IIpesunenra Poccun b.H.Ensumnay,

620002, Exarepunbypr, yi1. Mupa, 19 Typ Branumup Sxosiesuy
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From : Marc P. De Micheli
Research Ditector at CNRS
Deputy Director of LPMC
The REVIEW
of the Ditector on the thesis of
Maxim Neradovskiy

CREATION OF OPTICAL WAVEGUIDES WITH
PERIODICAL DOMAIN STRUCTURES IN LITHIUM
NIOBATE SINGLE CRYSTALS AND THEIR STUDY BY
MICROSCOPY METHODS

The PhD thesis of Maxim Neradovskiy is devoted to the creation and the
investigation of proton exchange waveguides in petiodically poled lithium niobate and
writing periodical domain structures in optical waveguides by focused electron beam.
These investigations are of great fundamental interest in solid state physics since the
polarization reversal process can be considered as an example of first-order phase
transition. In situ visualization of the evolution of the domain structure gives important
additional information about such crystal structure transformation. At the same time, the
study of the influence of proton exchange on periodical domain structure and of the
formation of domain structure by electron beam irradiation in proton exchanged congruent
lithium niobate covered by surface dielectric layer is important for the further development
of integrated optical circuits devoted to optical information processing.

Using a set of modern experimental methods for the formation and the observation
of ferroelectric domain structures allowed M. Neradovskiy to obtain several very important
new results. (1) It has studied the qualitative change induced in the domain structure
evolution in CLN by dielectric surface layers produced by PE. The changes are due to the
ineffective screening of depolarization field. Such conditions lead to formation of
nanodomains in front of the moving domain walls resulting in continuous wall motion. All

obtained effects can be attributed to features of the domain kinetics in highly non-

UMR 7336 CNRS — Université Nice Sophia-Antipolis I
Parc Valrose, 06100 Nice Cedex u:],?’“ site
Tel. : +33 (0)4 9207 67 92 Fax. : +33 (0)4 92 07 67 54

Sophia Antipolis



equilibrium switching conditions caused by retardation of the bulk screening of the
depolarization field. (2) The observation of the appearance of a number of surface
nanodomains duting the waveguide fabrication has been used to explain the poor nonlinear
performance observed in certain channel waveguides produced by soft proton exchange in
petiodically poled congruent lithium niobate crystals.. (3) A detailed study of the formation
of periodic domain structures by e-beam patterning of CLN wafers presenting planar and
channel waveguides produced by SPE process has been carried out. The formation of
isolated submicron domains has been observed and attributed to the discrete switching
caused by ineffective screening of the depolarization field provided by the surface layer
modified by SPE process. The developed technique has been used to write high quality
periodic domains in channel waveguides, which allowed obtaining a nonlinear conversion
efficiency of up to 48%/(W-cm?) in SHG experiments.

All the new results presented in the thesis, were obtained by Maxim Neradovskiy
personally or with his active participation. The results were published in a number of peet-
reviewed scientific journals (5 publications), presented in 20 Russian and international
conferences.

It worth noting also that this research work was partially supported by several
Russian foundations and a Scholarships of the French Government. Thus, the thesis of
Maxim Neradovskiy represents an example of successful international scientific
collaboration.

During its research work at LPMC, Maxim Neradovskiy showed himself as a highly
skilled specialist in scanning probe microscopy and waveguide optics. As a supervisor of
the thesis, I will qualify M. Neradovskiy as a mature research worker. I consider that his
work satisfies all the requirements for a PhD thesis and that Maxim Neradovskiy deserves a

PhD degtee.

Matc P. De Micheli,

Research Director of CNRS

Working at University of Nice Sophia Antipolis
Nice, April the 4™ 2016
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JlaGopaTopusi pu3HKN KOHIAEHCHPOBAHHBIX MATEPHAJIOB

Ot: Mapk I1. Jle Muienu
Hupekrop uccneaopanuii CNRS
3amectutens Jupexkropa LPMC

OT3hIB
HAy4YHOTO PYyKOBOJUTENS HA IUCCEPTALIHIO
Maxkcuma Hepanosckoro

Co3nanue v uccaeaoBaHue ONTUYECKHUX BOJTHOBOJOB
C PEeryJasipHON JOMEHHOM CTPYKTYpOi B HIOOATE JIUTHUS

Kanguparckas puccepranuss Makcuma HepagoBckoro mNoOCBsAIEHA CO3JAHUI0 H
UCCIIEIOBAHHIO BOJHOBO/OB, U3TOTOBJIEHHBIX METOOM IPOTOHHOTO OOMEHa B HHOOATE JINTHSI C
peryssipHOi nomeHHOU cTpykTypoii (PIIC) u 3anucu nepuoanyecKkoil JOMEHHOW CTPYKTYPhI B
ONTHUYECKUX BOJIHOBOAAX (HOKYCHPOBAHHBIM JJIEKTPOHHBIM IyYKOM. JTH HCCIIEIOBAHUS
NPEACTABISIIOT OONBIION (pyHAaMEHTANbHBIA HHTEpeC Ay (U3UKH TBEPAOrO TeNa, TaK Kak
IpOIIeCC MEPEKITIOUEHUsS MONIIPU3aLNs MOXKHO PACCMaTPHUBATh Kak mpumep ($a3oBoro mepexona
neporo poxa. In situ BH3yanm3amus 3BOJIOLMH IOMEHHOH CTPYKTYpPbl Oa€T BaXKHYIO
JOTOJHUTENBHY 0 NH(POPMALIHIO O MPEBPAIICHUN KPUCTALUTHUECKOH CTPYKTYphL. B TO e Bpems
UCCIIeIOBaHMS BIUSHUS npoToHHOTro odmena Ha PJIC u ¢opmMupoBaHre TOMEHHON CTPYKTYpPBI
nyTeM OONy4YeHHsl IyYKOM O3JEKTPOHOB HHOOATa JUTHS C AMIJIEKTPUYECKUM CIIOEM a
MOBEPXHOCTH C IUIAHAPHBIMH M KAaHAJIbHBIMUA BOJIHOBOAAMHM, IIOJIYyUYEHHBIMH METOAOM
NPOTOHHOrO OOMEHa MMeEeT BaXHOE 3HAYeHHE MUl MATbHEWIIEero pa3BUTHS HHTErPaJbHO-
ONTHYECKUX CXEM JIJIsl ONTHYECKOr 00paboTKH MHPOPMALIUH.

C momompio Habopa COBPEMEHHBIX SKCIIEPUMEHTAIBHBIX METOAOB (OPMHUPOBAHHUA U
BU3yaJIM3aL[UA CETHETOSJEKTPUUECKUX JTOMEHHBIX CTPYKTyp mno3Bomwio M. Hepamosckomy
MOJIyYUTh HECKOJIbKO OU€Hb BAXKHBIX HOBBIX pe3ynbTaToB. (1) BpUIO M3ydeHO KadecTBEHHOE
U3MEHEHHUE 3BOJIOLMH JOMEHHOH CTPYKTYpBIL, BBI3BAHHOE AUAJIEKTPHUECKHUM ITOBEPXHOCTHBIM
CJIOEM, CO3JaHHBIM TPOTOHHBIM OOMeHOM. M3MeHeHHs BbI3BaHbl  HEIPPEKTHBHBIM
SKPAHHPOBAHHWEM JIENOJSIPU3YIOINEro moisd. Takue YCIOBHS  BbI3BIBAIOT  OOpa3OBaHHUE
HAHOAOMEHOB TIepeN ABIDKYIIEHCS AOMEHHOH CTEHKOW, YTO NPUBOIUT K €€ HEIPEPhIBHOMY
nekeHNI0. Bee monmyueHHbie 3(h(heKThl MOTYT OBITH OTHECEHBI 32 CHET OCOOCHHOCTEH KMHETUKU
JOMEHOB TIPH CUJIbHO HEPABHOBECHOM NEPEKIIIOYSHNUH, BBI3BAHHOM 3ara3/ibIBAHIEM O0ObEMHOIO
SKpAaHUpPOBaHUs Jnenoyisipusyromero mons. (2) HabnroneHne BO3HUKHOBEHHS MHOMKECTBA
MOBEPXHOCTHBIX HAHOJOMEHOB IIPH CO3JaHUM BOJHOBOJOB OBUIO HCIIOJNB30BAHO IS
OOBSICHEHUS] TUIOXOTO HEJMHEWHO-ONTHYECKOro MpeoOpa3oBaHUs] B KAaHAJIBHBIX BOJIHOBOJAX,
CO3MIaHHBIX METOJOM MSTKOTO TPOTOHHOTO OOMEHa B TNEPUOAMYECKH MOJSIPU3OBAHHOM
KOHTpy>HTHOM Huobate mutus. (3) beuio mpoBeneHo neranpHOE u3yueHHE (POPMHPOBAHUS
NEPUOIUYECKUX OMEHHBIX CTPYKTYP C TMOMOIIBIO 3JIEKTPOHHO-yueBoi jurorpadpmu B CLN
IUTACTHHAX C TUIAHAPHBIMU M KaHAJIBHBIMH BOJIHOBOAaMH, mnpousseneHHeIMH SPE mpomeccom.
brimo obHapykeHO (HOPMUPOBAHHE HW3OIHPOBAHHBIX CYOMHUKPOHHBIX JOMEHOB 3a CYET
IVCKPETHOTO NEPEKITFOUCHUS, BBI3BAHHOTO Hed(h ek TUBHBIM SKpPaHUPOBAHHUEM



AETIONSIPU3YIOLIEr0 TOJsl W3-3a MOAM(UKALMU TOBEPXHOCTHOro cnost mnpoueccom SPE.
Paspaborannass TexHuka Oblla  HCIIONB30BaHa Ul 3alUCH  BBICOKOKAYECTBEHHBIX
NEPUOANUYECKUX JIOMEHOB B KAHAJbHBIX BOJHOBOAAX, YTO MO3BOJMJIO MOJYUYHUTh HEJIUHENHHYIO
s dexTrBHOCTS Mpeobpasosanus 10 48%/(BT cm?) B IBI skCrepiMeHTax.

Bce HOBBIE pe3ynbTaThl, MPEACTABIEHHBIE B AMCCEPTALMN ObUTH MOJY4YeHbI MakCHMOM
HepanoBckiM JIMYHO WJIH MTPH €70 aKTUBHOM y4acTuu. Pe3ynbraTel ObLIH OMyOIMKOBAHBI B PSAe
peleH3UPyEeMBbIX HAyYHBIX JKypHajiax (5 myOmmkaiwii), mpenacrtaBieHbl Ha 20 pOCCUICKUX U
MEXKIYHaPOAHBIX KOH(EPEHINSX.

Crour TaKke OTMETHTb, YTO 3Ta HCCIEAOBaTENbCKas pabora Obula YaCTHYHO
noj/iep kaHa HECKONBKIMU POCCHICKMMHU (DOHIAMH M CTUICHIMSIMH MPaBUTEIbCTBA DpaHIIH.
Takum oOpasom, muccepraumss Makcuma HepanoBckoro mpezacrasisier co0ol  mpumep
YCHEIIHOTO My HApOIHOTO HayYHOI'O COTPYIHUYECTBA.

Bemonnsist Hayunyro pabory B LPMC, Makcum Hepanosckuii mokazanm ceOst Kak
BBICOKOKBJIU(ULIPOBAHHBIA CIIELUAINCT B OOJNACTH CKAaHUPYIOLIEH 30HI0BONH MUKPOCKOIUH U
BOJIHOBOJIHOHM onTuku. Kak Hay4dHBIH pPyKOBOAMTENb JUCCEPTALMH, s MOTY OXapaKTepU30BaTb
Maxkcuma HepagoBckoro kak 3penoro Hay4YHOro corpynHuka. S cuumraro, ero pabora
yIOBJIETBOPSIET BCEM TPeOOBAHMSAM, NMPENBbSIBISIEMbIM K JAOKTOPCKOHW AMCCepTanuy, 1 Makcum
Hepanosckwuii 3aciyxuBaeT npucyxaenus creneHu PhD.

Mapk I1. /Ie Mumenu,
npodeccop YHausepcurera Huriier Codum AnTrmonmc
Hunua, 4 anpensa 2016
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