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Pedepar:

1. DocnimkeHHs (i3sNYHUX BIACTUBOCTEN HAHOPO3MIPHMX 00’€KTiB, TOHKUX HAMiBIPOBITHUKOBUX Ta METAJIEBUX
IIPOJIEMOHCTPYBAJIM HASIBHICTh YHIKaIbHUX QYHKIIOHATIBHUX BJIACTUBOCTEN LIMX MaTepiasiB y OPiBHSAHHI 3
o6'emHMU. Came Di3nyHi sIBUIIA HA IPAHULISIX po3ainy ¢as, KBaHTOBO-PO3MipHi e(peKTU 03BOJISIOTh CTBOPIOBATU
HOBI MiKPO€JIEKTPOHHUX IPUJIALIB i CXEM, B IKUX PO3MipU aKTUBHUX €JIEMEHTIB CKJIAIAIOTh NECITKY i HaBiTh
OJIMHULi HAHOMETPIB. JJOC/IiIPKEHHSI TaKUX CTPYKTYP Ta TEXHOJIOTIUHI pillleHHs 3 iX BUTOTOBJIEHHS NOTPEOYIOTh
3aCTOCYBaHHSI HOBUX METOJUK, SIK BDAaXOBYIOTb Cllelu(iKy NOCiIKyBaHUX 00'eKTiB. []o TAKMX METOAUK 6€3YMOBHO
CJIifi BifHeCTH iOHHO-TIPOMEHEBI TexHOJIOrii. 3aCTOCYBaHHS LIMX TEXHOJIOTH 103BoJIsie GOPMYBaTH HOBi MaTepiany,
abo NMPOBAUTH X pafiUKaIbHy CTPYKTYPHY i pa3oB Mmopudikaliiio, a 1je noTpedye AeTaJbHOro BUBYEHHS (i3MYHUX
MIPOLIECIB i3 3aJly4€HHSIM HalCy4aCHIMX METOAIB NOCAiIKeHb. OJHUM 3 HAUNIOTYXXHIIIUX METOLiB BUBYEHHS
IOMIIIKOBOTO CKJIa/ly PEYOBUH € MacC CIIEKTPOMETPisl BTOPUHHUX iOHIB. B nepumomy po3zaisi 3po61eH0 KOPOTKUM
OrJIs17, JliTepaTypy IO TeMi AucepTaliii Ta BUAiJIeHO IpobjeMy, sIKi IOTPeOYIOTh JeTalbH BUBUYEHHS. [IpuBeeHO
OIMIC METOAY YaCO-TIPOJIITHOI MaC-CIIEKTPOMETPII, BU3HAYEHO ONTHMMAaJbHi MapaMeTpyu BUMIPIOBaHb, fKi
IO3BOJISIIOTh OCIIIPKYBaTU CTPYKTYPU HAHOMETPOBUX PO3MipiB. MeTomoMm ioHHOI iMnianTauii psaay momimox 6yio
BUTOTOBJIEHO TECTOBI 3pa3Ku [1J1s1 KajlliOpOBKU Pe3yJIbTaTiB Mac-CIIEKTPOMETPUYHMX [OCIIiIPKEHb, 10 J03BOJIMIIO
[IPOBOJUTH KiJIbK BUMIPIOBaHHSI KOHLEHTpaLii JOMIIIOK. Bu3HaueHO KoeillieHTU eJ1eMEHTHOI YyTJIMBOCTI METOLY
Ta 3 BUKOPUCTAHHSM CTPYKTYP 3 [IeJIbTa-JIETOBAaHMMM LIaPaMU IOCSITHYTA PO3LisbHa 3IaTHICTh METOAY 4aCO-
IIPOJIITHOI Mac-cleKTpoMeTpii o riubuHi nopsnky 1 HM. B npyromy pospini po3po6seHo uyrcesbHy NpoLenypy
PO3paxyHKiB BOJIbT-aMIIEPHUX XapaKTEPUCTHK, gKa OyJia 3aCTOCOBaHA [J1 aHaiidy InSb nmiopa 3 p-n nepexonoM i
OyJi0 BU3HAY€HO oNTUMabHUM npodins aeryBanHs InSb ionamu Be+. [TokazaHo, mo 117151 3a6e31e4eHHs
OTITUMAaJIbHUX MapameTpiB PoTonIioAiB HEOOXiTHO MPOBOIUTY IMIIIAHTALLIIO OEPUJIiI0 3 PiI3HUMU eHePTiIMu. 3a
IOTIOMOTOI0 Mac-CIIEKTpOMETPii OyJ10 mocigkeHo npodisi po3noziny seryrodoi JOMIIKY i BUBHAY€HO ONTHMaJIbHY
IJIMOUHY 3aJIsITaHHS p-n nepexony. JlocinkeHo npouecu (OTOHHOTO BifjTiaay iMIJIAHTOBAaHUX CTPYKTYP,
BM3HAYEHO ONTHMAJI IapameTpH Bixnasny. [TokazaHo, mo npu Bifgnasax GOpMYIOTbCS OKCUAY iH{I0 Ta aHTUMOHY, a
TaKOX BifJOyBa€TbCs cerperallisi aHTUMOHY. 3HailIeHO PeXXUMU J0J1aTKOBOI 0OpOOKH, SIKi IPUBOASTD 1O 3MEHILIEHHS
TaKUX [1apasuTHUX e(eKTiB. JJocaiIKeHo Npouecu nacusallii JiogHUX CTPYKTYP i IOKa3aHO, IO ONTUMaJIbHUMU
IIOKPUTTSIMU € IIJIIBKYU HITPifly KPEMHIil0, IeroBaHi BogHeM. PoO3p061€eHO TEXHOJIOTiI0 Ta BUTOTOBJIEHO
eKCIIepMMEHTaJIbHI 3pa3ku ¢poTtoaiozis. TpeTill po3is NpUCBSYEHO NOCTiIKEeHHSIM IIPOLIEeCiB reTepyBaHHS KUCHIO
IIpM iMIJIaHTauii i0HiB Byrielto. [TokazaHo, 110 reTepoBaHui 3 06’eMy KUCEHb HAKOIIMYYETHCS B 00JIACTI PO3NOAINY
BaKaHCi Ta Ha TpaHuLi po3ainy ¢a3 NpUpOAHil OKUCeN — KpeMHiN. BuU3HaueHO ONTUMAasbHi TEXHOJIOTIUHI PEXKUMU
IJIs1 TeHepallii TepMOJLOHOPHUX LEHTPIB. 3HANIEHO ONITUMAJIBHY 103y iMIIJIaHTallii i TeMneparTypy Bignany
edexruBHoi reHepaii T]] nenTpis. [TokazaHo, mo ob6aacts popmyBaHHs Tl eHTPIB 3a1€XUTb Bif, eHeprii
imrutanTauii ioHiB Byryieno. POTOYyTAMBICTE CTPYKTYP 3 IPUXOBAHMM N+ IIAPOM BU3HAYAE€THCS NIPOLIECAMU
pekoMbiHalii HoCiiB CTpyM NpUIoBepxHeBill HedeKTHil o6acTi. B yeTBepToMy po3aini qucepralii npoBeneHo
IOCJIiI)KeHHSI IBOIIAPOBUX CTPYKTYp Pt/Fe, ski oTpuMyBaiu METOOM MarHETPOHHOT'O HANopouleHHs. EBoJitolio
iX CTPYKTYpM Ta MarHiTHUX BJIACTUBOCTEN iCJIA BifilajIiB Ta iOHHOTO JIeryBaHHS AOCIIKyBaau Metogamu XRD i
SIMS. ByJio r1okasaHo, 10 iMIIaHTaLis ioHiB N+ 103BoJIsI€e 3MEHIINTY SIK TEMIIEPATYPY, TAK i 4ac Bigmnany,
HEOOXiIHMI 17151 CIPUSHHS TUQY3iiHO-CTPYKTYpPHUM (a30BUM Ilepexosam. 3po6l BUCHOBOK, IO 3aCTOCYBaHHS
iOHHOTO JIeryBaHHS € NIePCIIEKTUBHUM IIJIIXOM JJIs1 CTBOPEHHSI CAaMOOPraHi3oBaHOro crioco6 GopmMyBaHHs
reTepocTpyKTyp. IT'aTHil po3zin gucepranii MiCTUTh Pe3yJIbTAaTU AOCIIKEHDb 6aratomapoBux cTpykTyp Co/Si,

Mo /Si ta AIN/GaN micng ix mopudikarii ioHHOIO iIMITJIaHTaLli€I0 JOMIIIOK. 3HANAEHO HOBUIT eeKT, IKUI IIOJISITaE B
30i/IbLIIEHHI HOMiIHAJIbHOI TOBIIMHM iCHYBaHHS aMOP(QHO-KJIACTEPHOr0 CTaHy IJIiIBOK KOOAJbTY i 3aTpuMILi

nojasblIoi BUOYXOBOI KpUCTAali3alii 3pocTaioyoi N1iBKU KO6aIbTy 3aBISKY JIETYBAaHHIO aTOMAMU BYTJIELIIO.



[TokasaHo, 10 HAKOIIMYEHHS KMCHIO Ha iHTepdericax Mo/Si € 0Hi€10 3 OCHOBHUX IIPUYMH Jerpagalii
GaraToapoBoi CTPYKTypH Iif, yac neperpipy. 3D-BumipioBanHs TOF-SIMS 1no3Bosuiy BUSBUTU MiCLs

MIPOHUKHEHHS KPEMHIIO B MOJTibeH.

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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