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Pedepar:

1. DocnimkeHHs Pi3NYHMX BIACTUBOCTE HAHOPO3MIPHUX O0'€KTIiB, TOHKUX HaIiBIIPOBiIHNKOBUX Ta METAJIEBUX
[IPOJIEMOHCTPYBAJIN HAsIBHICTh YHiKaIbHUX QYHKIiOHAIBHUX BJIaCTUBOCTEN LIUX MaTepiasiB y IOPiBHSHHI 3
o6'emHrMU. Came (i3nyHi SIBUIIA HA TPAHULISIX PO34iny (a3, KBaHTOBO-PO3MipHi e(peKTU [03BOJISIIOTh CTBOPIOBATU
HOBI MiKPO€JIEKTPOHHUX NPUJIALIB i CXEM, B IKUX PO3MipU aKTUBHUX €JIEMEHTIB CKJIAAIOTh NECITKY i HABiTh
OVHML HAHOMEeTPIiB. JJOCIIiIPKeHHS TaKMX CTPYKTYP Ta T€XHOJIOTIUHI pillleHHS 3 IX BUTOTOBJIEHHSI IIOTPEOYIOTh
3aCTOCYBaHHS HOBUX METOJVK, SIK BDAaXOBYIOTb CIIeLU(iKy JOCIiIKyBaHUX 00'€KTiB. J]o TAKMX METOAUK 6€3YMOBHO
CJIif, BifHECTH iOHHO-TIPOMEHEBi TeXHOJIOTI. 3aCTOCYBaHHS LIMX TEXHOJIOTI L03BoJIsie GOPMYBATH HOBi MaTepiany,
abo IIPOBAUTY iX paivKaIbHy CTPYKTYPHY i Ha30B monpudikaliiio, a e norpedye AeTajbHOro BUBYEHHS (Pi3snIHUX
IIPOLIECIB i3 3aJly4€HHSIM HalCy4aCHIIIMX METOAIB JOCiIKeHb. ONHUM 3 HAUTIOTYKHIIIUX METOiB BUBYEHHS
IOMIIIKOBOTO CKJIa/ly PEYOBMH € MAC CIIEKTPOMETPisl BTOPUHHUX iOHIB. B nepumomy po3aisi 3po61eH0 KOPOTKUI
OIJIsIA, JliTepaTypu MO TeMi fuceprauii Ta BUzineHo npobaemu, sIKi IOTPe6YIOTh AeTalbH BUBYEHHS. [IpuBeieHo
OIMC METOAY YaCO-TIPOJIITHOI MaC-CIIEKTPOMETPIi, BU3HAYEHO ONTUMAJIbHI IapaMeTpU BUMIPIOBaHb, SIKi
IO3BOJISIIOTh OCJIIPKYBaTU CTPYKTYPU HAHOMETPOBUX PO3MipiB. MeTonoM ioHHOI iMnianTauii psny nomimoxk 6y1o
BUTOTOBJIEHO TECTOBI 3pa3KU [ KaJIiOPOBKU pe3yybTaTiB MaC-CIIEKTPOMETPUYHUX JOCIIKEHb, 110 TO3BOJINIIO
IIPOBOJUTH KiJIbK BUMIPIOBAaHHS KOHLEHTPALlii JOMilOK. Bu3HaueHo KoedillieHTH eJIeMEHTHOI YyTINBOCTi METOY
Ta 3 BUKOPUCTAHHSAM CTPYKTYP 3 I€JIbTa-JIETOBAaHMMU LAPaMU OCITHYTA PO3LilbHa 3IaTHICTh METOAY 4aCO-
IIPOJIITHOI Mac-CIIeKTpOMeTpii o riubuHi nopsaky 1 HM. B npyromy pospini po3po6seHo urcesbHy NpoLenypy
PO3paxyHKiB BOJIbT-aMIIEPHUX XapaKTEPUCTHK, sKa OyJia 3aCTOCOBaHa /J1s aHauidy InSb nmioma 3 p-n nepexomoMm i
OyJi0 BUBHAYEHO OoNTUMasbHUH npodins aeryBanHs InSb ionamu Be+. [TokazaHo, mo 17151 3a6e31e4eHHs
ONITMMAaJIbHUX MapamMeTpiB POTONiOAIB HEOOXiTHO MPOBOIUTY IMIIJIAHTALLiI0 OEPUJIiio 3 pPiI3HUMU €HePTiIMu. 3a
IIOIIOMOT0I0 Mac-CIIEKTPOMETPIi 6ys10 gocimkeHo npodisi po3nominy JIeryiodoi JOMILIKY i BUBHAYEHO ONTUMAJIbHY
IJIMOWHY 3aJIAraHHs p-n nepexony. JlocuinkeHno npouecu GOTOHHOTO Bifjllaly iMILIAaHTOBAaHUX CTPYKTYP,
BM3HAUYE€HO ONTUMAJ apameTpu Binnasny. [TokazaHo, 1o npu Bignanax GOpMYIOThCS OKCUAY iH{I0 Ta aHTUMOHY, a
TaKOX BiJJ0yBAa€TbCs CErperallisi aHTUMOHY. 3HalIeHO PeXXUMU J0JaTKOBOI 0OPOOKH, SIKi IPUBOASTh O 3MEHLIEHHS
TaKUX Napa3uTHUX ePekTiB. JloCiKeHo Npolecy nacusallii JiogHUX CTPYKTYP i MOKa3aHo, 0 ONTUMAaIbHUMU
IIOKPUTTSIMU € IUTiIBKY HITPiAy KpeMHilo, JieroBaHi BogHeM. PO3p0671€HO TEXHOJIOri0 Ta BUTOTOBJIEHO
eKCIIEpMMEHTaJIbHI 3pa3ku ¢poroaiozis. TpeTiil po3nis NpUCBSYEHO NOCTiIKEHHSIM IPOLIECiB FeTePYBaHHS KUCHIO
Ipu iMmIanTauii ioHiB Byrseno. [TokazaHo, 0 reTepoBaHuii 3 06'eMy KUCEHb HAKOITUIYETHCS B 06GJIACTi PO3MOALTY
BaKaHCill Ta Ha rpaHuLi po3ainy ¢a3 NpUpOAHiil OKUCeN — KpeMHiil. Bu3HaueHO onTUMallbHi TEXHOJIOTIYHI PEeXXUMU
IJIs TeHepalii TepMOJLOHOPHUX LEHTPIB. 3HANWIEHO ONITUMAJIBHY 103y IMIIJIaHTallii i TemIeparypy Bignany
edekruBHoi reHepauii T]] nenTpis. [TokazaHo, mo obaacts popmyBaHHs Tl eHTPIB 3a71€XXUTb Bif, €eHeprii
iMnnaHTanii ioHis Byrieno. @OTOYyTIUBICTb CTPYKTYP 3 MIPUXOBAHUM N+ MIAPOM BU3HAYAETHCS NIPOLECaMU
pexkombiHanii HociiB cTpyM npurnoBepxHeBill nedexTHil obsacTi. B yerBeproMy posfini gucepraLii IpoBeieHO
IOCJiI)KeHHS IBOIIAPOBUX CTPYKTYp Pt/Fe, siki oTprMyBanu METOOM MarHETPOHHOTO HanopouleHHs. EBositolio
iX CTPYKTYpY Ta MarHiTHUX BJIACTUBOCTEMN MiCJIA BiAmasiB Ta iOHHOTO JIETYBaHHA AOCiAKyBanyu Metogamu XRD i
SIMS. ByJio mokasaHo, 110 iMIUIaHTallis i0OHIB N+ J03BOJI€ 3MEHIIUTH K TEMIIEPATYPY, TaK i Yac Bigmnany,
HeOOXiHMI 17151 COPUSIHHS IUQY3iiHO-CTPYKTYpHUM Pa3oBUM llepexofam. 3pobsl BUCHOBOK, 10 3aCTOCYBaHHS
ioHHOTrO JIeryBaHHS € IEPCIEKTUBHUM IIJISIXOM [1J151 CTBOPEHHSI CAaMOOPraHi30BaHOTO CI0CO6 OPMYBaHHS
reTepoCTPyKTyp. [I'aTuil po3nin gucepTrauii MiCTUTbh pe3yJIbTaTU JOCiIPKeHb 6araTomapoBux cTpykryp Co/Si,

Mo /Si ta AIN/GaN mnicng ix mopudikallii ioHHOIO iIMITJIaHTaLli€l0 JOMIIIOK. 3HAIIEHO HOBUIT eeKT, SIKUI II0JISITaEe B
30i/1bLIIEHHI HOMiIHAJIbHOI TOBIIMHY iCHYBaHHSI aMOP(QHO-KJIACTEPHOr0 CTaHy IJIiIBOK KOOAJbTY i 3aTpUMILi
MOJAJIbII0I BUOYXOBOI KpUCTali3allii 3pOCTaloyoi IUIiBKM KOOAJIBTY 3aBJISIKY JIETYBAaHHIO aTOMaMU BYTJIELIO.
[TokazaHo, 110 HAKOIIMYEHHS KUACHIO Ha iHTepdeiicax Mo /Si e ofHielo 3 0OCHOBHUX IIPUYMH Jerpajanii
OaraTouapoBoi CTPYKTYpH Iif, yac neperpipy. 3D-BumiptoBaHHs TOF-SIMS 1no3Bosuy BUSBUTU MiCLis

[IPOHMKHEHHS KDEMHIIO B MOJIIOEH.



2. Studies of the physical properties of nanoscale objects, thin semiconductor and metal films have demonstrated
the unique functional properties of these materials compared to bulk ones. It is the physical phenomena at the
phase boundaries, quantum- dimensional effects allow to create new generations of microelectronic devices and
circuits in which the size of the active elements are tens or even units of nanometers. Research of such structures
and technological solutions for their manufacture require the use of new techniques that take into account the
specifics of the studied objects. Such techniques should certainly include ion-beam technology. The application of
these technologies allows to form new materials, or to carry out their radical structural and phase modification,
and this requires a detailed study of physical processes with the involvement of the most modern research
methods. One of the most powerful methods for studying the impurity composition of substances is the mass
spectrometry of secondary ions. The first section provides a brief overview of the literature on the topic of the
dissertation and highlights the problems that require detailed study. The description of the time-of-flight mass
spectrometry method is given, the optimal measurement parameters are determined, which allow to investigate
the structures of nanometer dimensions. By the method of ion implantation of a number of impurities, test
samples were made to calibrate the results of mass spectrometric studies, which allowed quantitative
measurements of the concentration of impurities. The coefficients of elemental sensitivity of the method were
determined and the resolution of the time-of-flight mass spectrometry method at a depth of the order of 1 nm was
achieved using structures with delta-doped layers. In the second section, a numerical procedure for calculating
the current- voltage characteristics was developed, which was used to analyze the InSb diode with a p-n junction
and determined the optimal doping profile of InSb implanted by Be+ ions. It is shown that to ensure optimal
parameters of photodiodes it is necessary to implant beryllium with different energies. Using mass spectrometry,
the distribution profiles of the doping impurity wer investigated and the optimal depth of the p-n junction was
determined. The processes of photon annealing of implant structures are investigated, the optimal annealing
parameters are determined. It has been shown that oxides of indium and antimony are formed during annealing,
and antimony segregation also occurs. Modes of additional processing which lead to reduction of such parasitic
effects are found. The processes of passivation of diode structures have been studied and it has been shown that
the optimal coatings are silicon nitride films doped with hydrogen. The technology was developed and
experimental samples of photodiodes were made. The third section is devoted to the study of oxygen generation
processes during t implantation of carbon ions. It is shown that the oxygen generated from the volume
accumulates in the area of vaca distribution and at the phase boundary of natural oxide - silicon. The optimal
technological modes for the generation thermodonor centers are determined. The optimal implantation dose and
annealing temperature for efficient generation of TD centers were found. It is shown that the region of formation
of TD centers depends on the energy of implantation of carbon ions. The photosensitivity of structures with a
hidden n+ layer is determined by the processes of recombination of charg carriers in the near-surface defective
region. In the fourth section of the dissertation, a study of two-layer Pt / Fe structures obtained by magnetron
sputtering was performed. The evolution of their structure and magnetic properties after annealing and ion doping
was studied by XRD and SIMS methods. It has been shown that the implantation of N+ ions can reduce both the
temperature and the annealing time required to promote diffusion-structural phase transitions. It is concluded
that the use of ion doping is a promising way to create a self-organizing method of heterostructure forming. The
fifth section o dissertation contains the results of studies of multilayer structures Co/Si, Mo/Si and AIN /GaN after
their modification by ion implantation of impurities. A new effect is found, which consists in increasing the
nominal thickness of the existence of the amorphous-cluster state of cobalt films and delaying the subsequent
explosive crystallization of the growing cobalt film due to doping with carbon atoms. It is shown that the
accumulation of oxygen at the Mo /Si interfaces is one of the main causes of degradation of the multilayer
structure during overheating. 3D-measurements of ToF-SIMS revealed the penetration of silicon into
molybdenum.
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