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Pedepar:

1. DocnimkeHHs Pi3NYHMX BIACTUBOCTE HAHOPO3MIPHUX O0'€KTIiB, TOHKUX HaIiBIIPOBiIHNKOBUX Ta METAJIEBUX
IJIiBOK [IPOAEMOHCTPYBaJIM HasIBHICTb YHIKaNbHUX (PYHKLIOHATIbHUX BJACTUBOCTEN LIMX MaTepiajiB y NOPiBHSIHHI 3
o6'emHrMU. Came (i3nyHi SIBUIIA HA TPAHULISIX PO34iny (a3, KBaHTOBO-PO3MipHi e(peKTU [03BOJISIIOTh CTBOPIOBATU
HOBI TIOKOJIIHHA MIKPOEJIEKTPOHHUX MPUJIAIB i CXeM, B IKMX PO3MipU aKTMBHUX €JIEMEHTIB CKJIAJAI0Th AECATKU |
HaBiTb OAVHUILI HAHOMETPIB. JOCHiIKEHHS TAKUX CTPYKTYP Ta TEXHOJIOTIUHI PilleHHS 3 iX BUTOTOBJIEHHS
NOTPebYIOTh 3aCTOCYBAHHSI HOBUX METOMUK, SIKi BPaXOBYIOTh clieln(iKy HOCiIpKyBaHMX 00’eKTiB. Jlo Takux
METOAMK 6€3YMOBHO CJIif] BiTHECTU iOHHO-TIPOMEHEBI TeXHOJIOTil. 3aCTOCYBaHHS IIUX TEXHOJIOTIN N03BOJISIE
(dopmyBaTi HOBi MaTepiann, abo NPOBaAUTH iX pauKalbHy CTPYKTYPHY i (pazoBy Mogudikaliiio, a e norpedye
IleTaJIbHOTO BUBYEHHS (i3MYHUX [IPOLECIB i3 3ay1y4eHHSIM HallCy4yacHIlMX MeTOAiB JoclimkeHb. OOHUM 3
HaWUMOTY>KHIIIVX METOMIB BUBYEHHS OMIIIKOBOIO CKJIaly PEYOBUH € MaC CIIEKTPOMETPIisl BTOPUHHUX i0HIB. B
[epHIOMY PO37isi 3p06JIEHO KOPOTKUM OIJIsL] JiTepaTypy Mo TeMi gucepralii Ta BULiJIEHO IPO6IeMH, SIKi
OTpebyIOTh AEeTaJIbHOIO BUBYEHHS. [IpuBeieHO OIMC MeTOAy Yaco-TIPOJIiTHOI Mac-CIIeKTPOMETPii, BUBHa4YeHO
ONTHMMAaJIbHi IapaMeTPU BUMIPIOBaHb, SKi JO3BOJISIIOTh LOCIIIKYBAaTH CTPYKTYPH HAHOMETPOBUX PO3MIpiB.
MetonoM ioHHOI iMIIIaHTaLlii psAAy AOMIIIOK 6yJ10 BUTOTOBJIEHO TE€CTOBI 3pa3Ku [1J1s KaJIibpOBKU pe3yybTaTiB Mac-
CIIEKTPOMETPUYHUX JOCIIIIKEHb, 110 LO3BOJIMIIO IIPOBOAUTY KiJIbKiCHI BUMIPIOBAaHHS KOHLIEHTPALIil TOMIILIOK.
BusHnaueHo KoeillieHTU eJleMEeHTHOI YyTAMBOCTI METOLy Ta 3 BUKOPUCTAHHSIM CTPYKTYP 3 JeJIbTa-JIerOBaHUMU
IlapaMy JOCSITHyTa pO3[lijbHa 30aTHICTh METOY YaCO-IIPOJIiITHOI Mac-CIIEKTPOMETPii 1o ramnbyHi nopsaky 1 Hm. B
Ipyromy po3zijsii po3po6yIeHO YncebHY NIPOLeAypy PO3PAXYHKIB BOJIbT-aMIIEPHUX XapAaKTEPUCTHK, sIKa Oyjia
3acTocoBaHa 1jis1 aHasizy InSb giona 3 p-n nepexonoM i 6ys10 BU3HaUY€HO ONTUMAIbHUI IPOQinb sieryBaHHs InSb
ionamu Be+. TlokazaHo, 110 1171 3a6e31e4eHHs ONTUMAaIbHUX apaMeTpiB GoTomio1iB HEOOXiTHO TPOBOAUTHU
iMIIaHTaljio 6epusiio 3 pisHUMU €HEPTisIMU. 3a JOTIOMOT0I0 Mac-CIIeKTpOMeTpii O6yJsi0 gocaimkeHo npodini
PO3M0iy JIEryl040i JOMILIKY i BU3HAY€HO ONTUMAJbHY IMIMOMHY 3aJIsiraHHS p-N niepexoay. JocmimkeHo npouecu
(OTOHHOTO Bifillajy iMIJIaHTOBAaHUX CTPYKTYP, BU3HAUE€HO ONTUMAJIbHI TapaMmeTpu Bignamny. [lokasaHo, 1110 npu
Bifnanax GOpMYIOTbCSI OKCUIY iH/IiI0 Ta aHTUMOHY, a TAKOX BiJI0OYBA€TbCS CErperallis aHTUMOHY. 3HAlIEHO
pPeKUMHU J0IaTKOBOI OOPOOKH, SIKi IPUBOAATH IO 3MEHIIEHHS TAKUX Mapa3uTHUX e(eKTiB. [JocmimKeHo pouecu
racuBallii JIOOHUX CTPYKTYP i IOKa3aHo, 110 ONTUMAJIbHUMU [IOKPUTTSIMHU € IJIIBKY HITPiZy KPEMHIIO, JIerOBaHi
BOJHeM. PO3p061eHO TeXHOJIOTiI0 Ta BUTOTOBJIEHO eKCIIepUMEeHTalbHi 3pa3ku poTonionis. TpeTiit po3gin
[IPUCBAYEHO LOCIIIKEHHAM IIPOLECIB reTepyBaHHs KMCHIO IIPY iIMILIaHTalii i0HiB Byriewno. [lokazaHo, mo
reTepoBaHMI1 3 06'eMy KMCEHb HAKOIIMYYEThCS B 00JIACTi pO3MO/ily BaKaHCil Ta HA TPaHUL po31iny (a3 NIpUpOoIHii
OKUCEJ — KPEMHiN. BU3HaueHO ONTHMAasbHi TEXHOJIOTIYHI PESXKUMU 17151 TeHepallii TEpPMOJLOHOPHUX LEHTPIB.
3Hali/IeHo ONTMMAJIbHY 103y iMILJIaHTalii i TemnepaTypy Bianany ais edektusHoi renepaii T/l nenTpis. [lokasaHo,
10 o6;1acTb popmyBaHHs T/l LeHTPiB 3a71€XXUTh Bif, eHeprii imrianTanii ioHiB Byryiento. QOTOUYTIUBICTb CTPYKTYP 3
[IPUXOBAaHMM N+ IIAPOM BU3HA4YaA€THCS ITpoLiecaMy pekoMbiHallii HociiB cTpyMy B IpUIIOBEPXHEBiN NeeKTHii
obsacTi. B yeTBepToMy po3zisi aucepTalii npoBeeHo NOCiI)KeHHSs ABoapoBux CTpyKTyp Pt /Fe, gxi orpumysanu
METOJIOM MarHeTPOHHOTO HanopoueHHs. EBOJIoLLio iX CTPYKTYpH Ta MarHiTHUX BJIACTUBOCTEN IIiCJIsl BiNaJIiB Ta
I0HHOTO JIeTyBaHHS fgociinKysanu merogamu XRD i SIMS. Bysio rnokasaHo, 1o imMIIaHTanis ioHis N+ no3soJisie
3MEHUINTHU K TeMIIePaTypy, TaK i yac Binnany, HEOOXigHUN 11 CIpUSIHHS AUQPY3iHHO-CTPYKTYPHUM (Pa30BUM
nepexojiam. 3po6JIeHO BUCHOBOK, 110 3aCTOCYBaHHS iOHHOTO JIETYBaHHS € IEPCIEKTUBHUM IIJISIXOM [1J151 CTBOPEHHSI
CaMOOPraHi30BaHOTO CIIOCOOY (POPMYBAHHS TeTepOCTPYKTYp. [T'aTuil po3ain gucepTrauii MiCTUTb pe3yJIbTaTu
mocinxkeHb 6araromaposux cTpykTyp Co/Si, Mo/Si ta AIN/GaN micis ix mopudikanii ioHHo0 iMIaHTali€eo
IOMilIOK. 3HaleHO HOBUH eeKT, SIKUI [oJ1sirae B 30i/1bl1€HHI HOMiHa/IbHOI TOBIIMHY iCHYBaHHS aMOpQHO-
KJIACTEPHOTO CTaHy ILIIBOK KOOA/IBTY i 3aTPUMLi 10JAbIIO0] BUOYXOBOi KpUCTasisallii 3poCTaouoi MIiBKUA KOOAIbTY
3aBISKY JIETYBAaHHIO aTOMaMU ByTJelio. [lokaszaHo, 110 HAaKONMMYEeHHs KUCHIO Ha iHTepdericax Mo /Si € ogHieio 3
OCHOBHUX IIPUYMH Jierpajallii 6araTomapoBoi CTPyKTypH Hif dyac neperpisy. 3D-sumipioBanns TOF-SIMS

JO3BOJINJIN BUSIBUTU MiCILH IMPOHMKHEHHA erMHiIO B MOJIi6I[eH.



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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