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Pedepar:

1. DocnimkeHHs (i3sNYHUX BIACTUBOCTEN HAHOPO3MIPHMX 00’€KTiB, TOHKUX HAMiBIPOBITHUKOBUX Ta METAJIEBUX
IJ1iBOK ITPOAEMOHCTPYBaJIM HAsIBHICTb YHIKaNbHUX (PYHKLIOHATIBHUX BIACTUBOCTEN LIUX MaTepiasiB y NOPiBHIHHI 3
o6'emHMU. Came Di3nyHi sIBUIIA HA IPAHULISIX po3ainy ¢as, KBaHTOBO-PO3MipHi e(peKTU 03BOJISIOTh CTBOPIOBATU
HOBI [TIOKOJIiHHSI MIiKPOEJIEKTPOHHUX IIPUJIAZLIB i CXEM, B SIKUX PO3MipY aKTMBHUX €JIEMEHTIB CKJIaJal0Th NECITKH i
HaBiTb OAVHUL HAHOMETPIB. JJOCIiIKEHHS TaKUX CTPYKTYP Ta TEXHOJIOTIYHI PilleHHS 3 iX BUTOTOBJIEHHS
NOTPebyIOTh 3aCTOCYBAHHSI HOBUX METOMUK, SIKi BpaXxOBYIOTh clielindiky mociiiKyBaHuX 00’eKTiB. Jlo Takux
METOJIMK 6€3yMOBHO CJIiJi BiHECTH iOHHO-IIPOMEHEBI TeXHOJIOTil. 3aCTOCYBAaHHS LIMX TEXHOJIOTIH JO3BOJISIE
¢dbopmyBaTH HOBi MaTepiany, a6o MPOBaTUTH iX pafvKalbHy CTPYKTYPHY i ¢pa3oBy Mmonudikaliiio, a e norpedye
IeTaJIbHOTO BUBYEHHS (i3MYHUX [IPOLECIB i3 3aJydeHHSIM HalCy4acHIIIMX MeTOAIB JoCTimkeHb. OGHUM 3
HaWUMOTY>KHIIIMX METOMIB BUBYEHHS TOMIIIKOBOIO CKJIAJly PEYOBUH € MaC CIIEKTPOMETPIisl BTOPUHHUX i0HIB. B
[epHIOMY PO37isi 3p06JIeHO KOPOTKUM OIJIs[ JiTepaTypy Mo Temi gucepralii Ta BULiIEHO IPO6IeMH, SIKi
NOTPeOYIOTh NETANbHOTO BUBYEHHS. [IpMBEIEHO ONMC METOAY YaCO-TIPOJIITHOI Mac-CIIEKTPOMETPIi, BU3BHAYEHO
ONTMMAaJIbHi IapaMeTPU BUMIPIOBaHb, 5IKi O3BOJISIIOTE AOCIIIKYBAaTH CTPYKTYPH HAHOMETPOBUX PO3MIpiB.
Metoznom ioHHO] iMnaHTaii psgy AOMIIIOK 6yJI0 BUTOTOBJIEHO TECTOBI 3pa3Ku [j1s1 KajlibpOBKU pe3yJbTaTiB Mac-
CIIEKTPOMETPUYHUX JOCIIIJIKEHB, 110 AO3BOJIMIIO IIPOBOAUTH KiJIbKiCHI BUMIPIOBAaHHS KOHLIEHTPALIil OMIIIOK.
BusHaueHo KoeilieHTH esleMeHTHOI YyTJIMBOCTI METOly Ta 3 BUKOPUCTAHHSIM CTPYKTYP 3 JeJIbTa-JIerOBaHNMU
IlapaMy JOCSITHyTa pO3[iabHa 30aTHICTh METOY YaCO-IIPOJIiITHOI Mac-CIIeKTpOMeTpii 1o riubyHi nopsaky 1 Hm. B
IpYroMy po3zili po3po6sIeHO YMCeIbHY NPOLEeYyPY PO3PaXyHKiB BOJIBT-aMIIEPHUX XapaKTEPUCTHK, sIKa OyJia
3acTOCOBaHa 1y aHasizy InSb giona 3 p-n nepexonoM i 6y0 Bu3HaU€HO ONTUMAIbHUIN IPOQink JieryBaHHs InSb
ionamu Be+. [TokazaHo, o 1171 3a6e31ne4eHHs ONTUMAJIbHUX ITapaMeTpiB ¢oTomioniB HEOOXiTHO TPOBOAUTHU
iMIIJIaHTAalI0 6€puUJIiio 3 Pi3HUMU €Heprigmu. 3a JOIIOMOr0I0 Mac-CIEeKTPOMETPii 6yJ10 JocaimKeHo npodini
PO3I0LiNy JIETYI0UO0i NOMIIIKY i BU3BHAYEHO ONTHMMAJIbHY [JIMOMHY 3aJIIraHHs p-n nepexony. JociikeHo npouecu
(OTOHHOTO Bifillajry iMIIIIAHTOBAHUX CTPYKTYP, BU3HAYEHO ONTUMAJIbHI TapaMeTpu Bifnamny. [lokaszaHo, mo npu
Bifnanax GOpMYIOTbCSl OKCUIY iH/IiI0 Ta aHTUMOHY, a TAaKOX BiJIOYBA€THCS Cerperallis aHTUMOHY. 3HalIeHO
PEXKUMU JOAATKOBOI 0OPOOKY, SIKi MPUBOASTH 10 3MEHIIEHHS TaKUX Napa3uTHUX edeKTiB. [locmimKkeHo mpolecu
nacusaltlii JIOOHUX CTPYKTYP i IIOKa3aHo, 110 ONTMMAIbHUMU IIOKPUTTAMMU € IUJIIBKY HITPiZy KPEMHIIO, JIerOBaHi
BOgHEeM. PO3p061eHO TeXHOJIOTiI0 Ta BUTOTOBJIEHO €KCIIepUMEHTabHi 3pa3ku poTomioznis. Tperint po3min
[IPUCBAYEHO LOCIiIPKEHHAM IIPOLECIB reTepyBaHHs KMCHIO IIPY iIMILIaHTallii i0HiB Byrieno. [lokazaHo, mo
reTepoBaHMI1 3 06'eMy KMCEHb HAKOIIMYYETbCSI B 06J1aCTi pO3MOiy BaKaHCiil Ta HA IPaHULi po3finy (a3 NpupoIHii
OKHCEeJI — KPEMHIN. BU3HaY€HO ONTMMAJIbHI TEXHOJIOTIYHI pEXXKUMU 17151 TeHepallii TEpMOIOHOPHUX LIEHTPIB.
3HaiifieHO oNTUMaJbHY 103y IMILJIaHTaLlil i TeMniepatypy Bianany ns edpextrusHoi reHepauii T/] nenTtpis. [TokazaHo,
10 06s1acTb popmyBaHHs T]I LIEHTPIB 3a/1I€XKUTD Bifl, €Heprii iMniaHTalii ioHiB Byryeno. PoTo4yTIUBICTb CTPYKTYP 3
IIPUXOBAaHMM N+ MIAPOM BU3HAYAETHCS NPOL,ecaMy peKOMOiHallil HOCIiB CTpyMy B IPUIIOBEPXHEBIN IePeKTHil
obsacTi. B yeTBepToMy po3zisi pucepTalii mpoBeZeHo NOCiIKeHHSs ABomapoBux cTpyKryp Pt/Fe, gxi orpumysanu
METOJIOM MarHeTPOHHOrO HanopoueHHs. EBoJolLiio iX CTPyKTypy Ta MarHiTHUX BJIACTUBOCTEN IIiCJIs BifNasiB Ta
IOHHOTO JIeTyBaHHS AocigKyBanu merogamu XRD i SIMS. Bysio rnokasaHo, 10 imMIyIaHTanis ioHiB N+ no3BoJisie
3MEHIINTH K TeMIIepaTypy, TaK i 4yac Binnany, Heo6XigHUN 11 CrIpyUsiHHSA AUQPY3iHHO-CTPYKTYpHUM (Ha30BUM
nepexojiam. 3po6JiIeHO BUCHOBOK, 10 3aCTOCYBaHHS iOHHOTO JIETyBaHHS € IEPCIEKTUBHUM IIJISIXOM [1J151 CTBOPEHHSI
CaMOOPTraHi30BaHOro criocoby GOpMyBaHHS TeTepOCTPYKTYp. [T'STuil po3ain nucepTauii MiCTUTh pe3yJIbTaTh
IocJligkeHb 6aratomapoBux cTpykTyp Co/Si, Mo/Si ta AIN/GaN micas ix mogudikauii ioHHO iMIIIaHTallielo
IOMIIOK. 3HaNeHO HOBUH edeKT, SIKUM [1oJIsIrae B 30i/IblIeHHi HOMiHa/IbHOI TOBIIMHY iCHYBaHHS aMOPQHO-

KJIACTEPHOTO CTaHy IJIIBOK KOOA/IBTY i 3aTpUMLi [10JablIoi BUOYX0BOi KpucTasisallii 3pocTaiouoi MiIiBKU KOOAIbTy



3aBJSKU JIETYBAaHHIO aTOMaMU ByTieno. [lokazaHo, 110 HaKONMYeHHs KUCHIO Ha iHTepdelicax Mo /Si € ogHielo 3
OCHOBHUX IIPUYMH Jierpajalii 6araTomapoBoi CTPYKTYpH i dyac neperpisy. 3D-sumipioBanus TOF-SIMS

IIO3BOJIMJIN BUSIBUTH MiClIsl IPOHUKHEHHS KPEMHIIO B MOJIiO/IEH.

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 were investigated and the optimal depth of the p-n junction was
determined. The processes of photon annealing of implanted 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 the implantation of carbon ions. It is shown that the oxygen generated from the volume
accumulates in the area of vacancy distribution and at the phase boundary of natural oxide - silicon. The optimal
technological modes for the generation of 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 charge 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 of the 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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