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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

BrninuB pnedexTiB paaianifiHoi npupoan Ha (i3uyHi BIACTUBOCTI €JIeMEHTapHUX HaIliBIPOBiIHMKIB Ta KOMIIO3UTHUX HAHOCTPYKTYP
(Si-Ge, AlGaN /GaN, ByrielieBi HaHOTPYOKH).

Ha3zBa po6oTH (aHTJI)

Influence of radiation defects on physical properties of elementary semiconductors and composite nanostructures (Si-Ge,
AlGaN/GaN, carbonic nanjtubes).

Pedepar (ykp)

OG6'eKTOM [OCJIIPKEHHSI € TepMaHiil, KpeMHill 3 BHMCOKMM BMICTOM O0OpYy, HITpuj rajilo, BYyIJIELIEBi HAaHOTPYOKU. MeToro
JIOCJIIPKEHb € BCTAaHOBJIEHHS POJIi BJIACHUX MIXKBY3€JIbHMX aTOMIB i BakaHCiil y (OpMyBaHHi IedeKkTiB B repmadii, po3pobKa
METOJB 11iIeCTIPSIMOBAHOi 3MiHUM €JIEKTPUYHUX i ONTUYHUX BJIACTUBOCTEN repMaHilo; BUBYEHHS TPAHCIIOPTHUX SIBULL, B HITPUIHUX
TeTepPOCTPYKTypax B CUJIbHUX €JEKTPUYHMX I0JISIX; BUBUEHHS BIJINBY YMOB OIPOMiHEHHS Ha eseKkTpodi3uyHi Ta copOliiiHi
BJIACTUBOCTi BYIJIELIEBUX HAHOTPYOOK Ta CTPYKTYyp 3 iX myd4kiB. MeTomu pociimkeHHs: iHppauepBoHa ®yp'e CIEKTPOCKOMis,
edexT Xosa, BOJIbT-aMIIEPHi XapaKTEePUCTUKU Ta NMPOBIJHICTb B IMITyJIbCHOMY PEXKUM, IIyMOBa CIIEKTPOCKOis. BcTaHOBNIEHO, 10
sneryBaHHd Ge i30BaJIEHTHOIO [OMIIIKOIO - OJIOBOM, [OKOPiHHO 3MiHIO€ KaHaiu peakUill 3a y4acTiO BJIACHUX BaKaHCIN i
MDKBY3710BUX aTtoMmiB. I1if yac onpomiHeHHSs BakaHCii V epeKTUBHO B3a€MOiIOTh 3 aTOMaMHU OJIOBa 3 YTBOPEHHSIM LIEHTPiB SnV i
SnV2. lle NpUBOAUTL IO 3HAYHOTO 3HIDKEHHS €(EKTUBHOCTI YTBOPEHHSI OCHOBHMX PEKOMOiHALiHUMX LIEHTpiB, JuBaKaHCIH i
BaKaHCisl + KUCEHb, IIPMYOMY OCTaHHI/ BMHHMKAa€E JIMLIE MPU Temneparypax Bumux 3a 310 K, mo CBig4uTh NpO HEPYXOMICTb
BaKaHCIil 0 IMX TeMIeparyp, i icHye B 3HaYHO By>k4oMy iHTepBasi Temmnepatyp (310 380 K) Hix B HeseroBanomy Ge (80 420 K).
HepyxoMmicTh BakaHCill 10 BUCOKMX TEMIIEPATYP Hajla MOXKJIMBICTb €KCIIEPMMEHTANIBHO MiATBEPANTH, 1O BJIACHUN MiIKBY3JI0BUMI
atom | B Ge crae pyxnmuBuM npu temneparypax T 180 K. IlokazaHo, mo npu nudysii [ edpexTruBHO B3a€EMOJIIOTh 3 KHUCHEM 3
yrBopeHHsM 1eHTpiB 10. Binnan nentpiB 10 BigOyBaeThcs 3a JBOMa MexaHi3amamu: Aucoujanianieto i pudysiero. Juconianis 10
CYIIPOBOIPKYETBCSl 3aXOIUIEHHSIM BUBiIbHEHMX | iHmumu neHTpamu IO 3 yrBopeHHsIM KomiuiekciB [20. Ilpu mudysii 10
B32€EMOZIIOTh 3 IIEHTPaMU BaKaHCis + KHUCEHb, O MPUBOAUTH OO 3POCTAaHHS KoHLeHTpauii numepiB O2. ImentudikoBaHo miHii
MOTJIMHAHHSA, IO BiANOBIJAIOTh KOXHOMY i3 medeKTiB, sKi MIiCTATh BjacHi MiKBY3izis i kuceHs. JJOCHIIKEHO 3ayeXHiCTh
MIBUJKOCTI €JIEKTPOHIB B T€TEPOCTPYKTypax Ha ocHOBi GaN Bif HanmpyKeHOCTi enekTpuyHoro nosnsg ao 0.3 MB/cm. Otpumana
mBUIKicTh 6.8?107cM/ceK BifmoBifae KBasibaliCTUYHOMY pyXy €JIEKTPOHA i NEPEBHUIIyE BifOMi Ha CbOrOAHI MIBUIKOCTI B
HaMiBNPOBIIHUKAX, IO JO3BOJISIE€ iCTOTHO 30IbIINTY MBUKO/AII0 PUIaAiB Ha ocHOBI GaN. EkcriepuMeHTaIbHO BUSIBJIEHO, IO Y
BYIJIELEBAX HAHOTPYOKaxX peasidyeTbCsl MEPEHOC €JIEKTPUYHOTO 3apsfly 3a MOJEJUII0 €JIEeKTpOHHOi piguHu TomaHaru-
JlaTTuHXepa HE3aJIeXXHO Bill BUAY OMPOMIHEHHs (ramMa KBAaHTH, BUCOKOEHEPreTHYHi €JIEKTPOHM) Ta OTOYYIOYOrO CEPEeIOBUIIA
(BaKyyM, BOZIE€HB). 3a JOMIOMOTOIO IIYMOBOI CIIEKTPOCKOIIi] BUSIBJIEHO, LIO MPOBiAHICTh My4YKiB METAJIEBUX BYIJIEL,€BUX HAHOTPYOOK
B 3aJIEXKHOCTI Bifi TEMIIEpaTypy 3MiHIOETHCS Bif, CTpMOKOBOI (4.2 20 K) 1o kBaHTOBOI 3a MexaHi3smoM piguHu Jlaturxkepa (20 200 K)
i go mudysiitHoi (200 300 K). Po3BuHyTO Teopilo yTBOpPEeHHS pamiauiliHux nedekTiB npu onpomiHeHHi BHT y rasoBomy
CepenoBULi, 3TiHO SIKOI BUCOKOEHEPTreTUYHA YaCTUHKA CIIOYATKy [I€peJlae €HEPTil0 aTOMY rasy, KUl B [I0aIbIIOMY B3a€MOJI€ 3
MOBEPXHEI0 HAaHOTPYOKMU 3 YTBOPEHHSIM JedeKTiB. Taknii MexaHi3aM MoXXe peasizoByBaTUCh KpiM BHT mpu onpomineHnHi rpadeny
Ta HaHoWapiB. EKCIEpUMEHTANbHO Ta TEOPETUYHO I0Ka3aHOo, 10 €(PEeKTUBHICTb Ae(PEKTOYTBOPEHHSI HEMOHOTOHHO 3aJIEXKUTh Bif
MacH aTOMiB ra30BOr0 OTOYEHHSI BUKOPUCTAHOTO MPU ONpoMiHeHHi. JlocinkeHo KiHeTUKy fecopblii isoTomnis resito (3He Ta 4He)
Ta MOJIEKyJ BojHI0 H2 i meiitepito D2 i3 B'I30K ByIJIeLleBUX HAaHOTPYOOK. BCTaHOBJIEHA 3a/I€XKHICTh TEMIEpPATypy NEPEXOny Bif
KJIacu4HOi nudysii 1o KBaHTOBOI Bifi aTOMHOI Macu rasy. EKClepuMeHTanbHO JOBEAEHO, 10 KPUTUYHA TeMIleparypa Iepexony
Bif kiacuyHoi nudysii 10 KBaHTOBOI, € 06epHEHOI0 (PYHKIIE Macu aToMiB abo MoJeKyJl rady. Bci BulneHaBeleHi pe3ysibTaTu He
Oysu BifOMUMU B MiXKHapOZHiil yliTeparypi 1o TenepimHboro yacy. PesysnpTat po60TH MOXYTh OyTH BUKOPHCTaHI pU po3poo1Li
TEXHOJIOTii BUTOTOBJIEHHSI IPWJIAZiB TBEPIOTIIbHOI €JIEKTPOHIKM i3 33[jaHMMM IapameTpaMu Ta MiIBUILEHOIO CTIMKICTIO 1O
BILJIMBY iOHi3yl04OrO ONpoOMiHeHHs. Peasrizalis B pusazax Ha HITPUIHUX TeTEPOCTPYKTYPax BUCOKUX IIBUJKOCTEN HOCIiB CTPyMy
€ iCTOTHMM KPOKOM [0 OINIaHYBaHHS TE€ParepLeBOro Miala3oHy 4YacTOT. Pe3ysbTaTM OTPMMAaHI IIPU OOCIiIKEHHI €JIeKTPUYHUX
BJIACTUBOCTE! BYIJIELIEBMX HAHOTPYOOK, OIIPOMIHEHMX B Pi3HUX ra30BHUX CEPEIOBUINAX € BAXJIMBUMU 3 OISy HA MPAKTUYHE

3aCTOCYBaHHS PaiialliiiHAX TEXHOJIOTIN s Mopudikanii B1aCTUBOCTEH BYIJIENEBUX HAHOTPYOOK, SIKi IIMPOKO BUKOPUCTOBYIOTHCS



I CTBOPEHHS HOBITHIX TBEPIOTIIbHUX IIPUJIaZIiB Ta Y BOGHEBIN €HEPreTUL.
Pedepar (aHrI)

The object of the research is germanium, heavily boron-doped silicon, gallium nitride, carbon nanotubes. The aim of the
research is the establishment the role of intrinsic interstitials and vacancies in the formation of defects in germanium; the
development of the method for controllable change electrical and optical properties of germanium; the study the charge
transport phenomena in nitride heterostructures in strong electric fields; the investigation the radiation influence the electrical
and sorption properties of single carbon nanotubes and their bundles. Methods: Fourier transform infrared spectroscopy, Hall
effect, current - voltage characteristics and conductivity in pulsed mode, noise spectroscopy. It was established that doping of
Ge with tin drastically changes the reactions involving intrinsic vacancies and interstitials. Upon the irradiation vacancies V
effectively interact with tin atoms and form with them SnV and SnV2 centers. This leads to a significant reduction in the
introduction efficiency of the main recombination centers: divacancies and vacancy+oxygen. Important, that vacancy+oxygen
centers occur only at temperatures higher than 310 K what indicates that vacancies are immobile up to this temperature.
Besides, the vacancy+oxygen complexes exist in much narrow temperature range (310 380 K) than in undoped Ge (80 420 K).
The vacancies immobility up to high temperatures enables us to confirm experimentally that intrinsic interstitial atoms I in Ge
become mobile at temperatures T> 180 K. It is shown that during diffusion I atoms efficiently interact with oxygen with
formation of IO centers. It was found that annealing of 10 occurs by both dissociation and diffusion. The IO dissociation is
accompanied by recapture of the released I atoms by another 10 centers with formation of 120 complexes. Diffusing IO interact
with vacancy+oxygen centers what leads to an increase of the dimers O2 concentration. The absorption lines corresponding to
defects involving intrinsic interstitial and oxygen atoms are identified. The dependence of the electron velocity in GaN
heterostructures on the electric field intensity up to 0.3 MV/cm are investigated. The revealed value for velocity is 6.8?107
cm/sec what corresponds to the quasi ballistic electron motion and exceeds the ones which today are known for
semiconductors. Such high velocity gives an opportunity to increase the performance of modern GaN - based devices. It was
experimentally found that electron transport in carbon nanotubes follows Tomonaga Luttinger liquid model regardless on the
type of radiation (gamma quanta, high-energy electrons) and environment (vacuum, hydrogen). With the use of noise
spectroscopy we have found that conductivity mechanism in carbon nanotubes changes with the temperature from hopping (4.2
20 K) up to quantum through Tomonaga Luttinger liquid mechanism (20 200 K) and then, at higher temperatures, to the
diffusion mechanism (200 300 K). The theory of radiation defects formation in carbon nanotubes when irradiated in a various
gaseous environment was developed. According to this theory the high-energy particles initially transfer the energy to the gas
atom which subsequently interacts with the surface of the nanotubes to form defects. The such mechanism could be
implemented during irradiation of graphene and nanolayers also. It was experimentally and theoretically shown that the
effectiveness of defects creation no monotonously depends on the mass of the atoms of gas environment. The desorption
kinetics of helium isotopes (3He and 4He), molecules of hydrogen H2 and deuterium D2 from carbon nanotube bundles was
investigated. The dependence of the temperature for transition from the classical to the quantum diffusion on the atomic mass
of gas is determined. Experimentally shown, that this temperature follows linear dependence against the inverse mass of gas
molecule and this is consistent with the theoretical prediction. All the above results were not known in the literature up to date.
The obtained results can be used in the development of technology production of the devices for solid state electronics with
preset parameters and increased resistance to the effects of ionizing radiation. The implementation of the high electron velocity
in GaN heterostructures devices will be the essential progress in high speed (terahertz frequency range) electronics. Results
obtained in the study of electrical properties of carbon nanotubes irradiated in various gas environments are important in view
of the practical application of radiation technologies for modifying the properties of carbon nanotubes, which are widely used to
create a new solid-state devices of nanoelectronics and in hydrogen energy technologies.

Inpexc YIK: 538.97-405, 538.97-405

Kopgu Temarnunux pyopuk HTI: 29.19.25
6. HaykoBo-TexHivyHa npoaykuis (HTII)

HTII 1

Ha3Ba npoaykuii (ykp): ®isuuni BractuBocTi MoHOKpucTaniyHoro Ge, Si, AIGaN /GaN, ByrieneBux HAaHOTPy6OK. PekomeHpanii
I0/10 IPYPOY pafiauifiHuX AeeKTiB Ta CTYIIEHIO {X BIUIMBY Ha €/1eKTpOoQi3UdHi BIaCTUBOCTI BKa3aHUX IIE€PCIIEKTUBHUX

marepiazax MiKpo- Ta HAHOEJIEKTPOHIKU Ta METO/IB MiJBUILIEHHS IX paAialliliHOI CTIKOCTI.



Hassa npoaykii (anrur): Physical properties of the single crystalline Ge, Si, AlGaN/GaN and carbon nanotubes.
Recomendations relating to the nature of the radiation defects and their influence the electrophysical properties of these
advanced materials micro- and nanoelectronics and methods to enhanced of their radiation stability.

OuikyBaHi pe3yJIbTaTH:
T'anyss 3acrocyBanHs: 73.10.1 JlocimkeHHs i po3po6KU B rajy3si IpMPOJHUYNX HAYK

Onuc npoaykuii (yKp): BctaHOBJIEHO, 1110 JIETYBaHHS FePMaHilo 0JIOBOM Kap[IMHAJIbHO 3MiHIOE peakliii 3a y4acTIo BIaCHUX
MDKBY3€JIbHUX aTOMIB i BaKaHCIi# Tpy ONPOMiHEHHi BUCOKOEHEPTeTUYHMMU €JIEKTPOHAMMY i MOXKe GyTH BUKOPHCTAHO SIK METO],
KEepOBaHOTr'0 BILUIMBY Ha peakiii Mibk komrioHeTamu nap ®penkers i gomimkamu B rpatui. I1ig yac onpomineHHs BakaHcii V
€(pEKTUBHO B3a€MOZIIOTh 3 aTOMaMHU 0JI0BA 3 YTBOPEHHSM LEHTPiB SnV i SnV2. Ile npuBoANTE 0 3HAYHOTO 3HMKEHHS
€(pEKTUBHOCTI yTBOPEHHSI OCHOBHMX PEKOMOIHALIIMHMX LIEHTPIB, AUBAKAHCIl i BAaKaHCis + KUCEHb, IPUYOMY OCTaHHill BUHUKAE
Jiauie rnpuy Temrieparypax Bumumx 3a 310 K, 1m0 CBiZYuTh PO HEPYXOMICTh BaKaHCIH 10 LMX TemnepaTtyp. HepyxomicTb BakaHCi
JIO BUCOKMX TEMIIEPATYP JiaJia MOXKJIMUBICTh EKCIIEPMMEHTAJILHO MiJTBEPAUTH, 110 BIaCHUI MDKBY3/10Bul aToM I B Ge crae
pyxnusum nipu temnepatypax T 180 K. [TokasaHo, 1m0 ByiacHi MiXKBY3ijisl €(DEKTUBHO B3a€MOIIOTh 3 KUCHEM 3 YTBOPEHHSIM
ueHTpiB IO, sKi B cBOIO uepry TpaHcopmytoThes B I02. BCTaHOBIEHO MeXaHi3MU YTBOPEHHS MiXKBY3JI0BUHHUX AE€(DEKTIB B

repMaHii. BusiBieHO peKoMOiHaliTHO-TIPUCKOPEHY [

ConianpbHO-eKOHOMIYHA cripsimoBaHicTy HTII:

Cragis 3aBepmenocti HTII: 3git o HAJIKP

BnposazykenHsa HTII: BipoBazkeHO

CTpOKH BIPOBAZI>KEHHS: 2 - 3 POKU.

Bupo6nuk npoaykuii: Inctutyt ¢isuku HAH Ykpainu

Cnosxkuavi npoaykuii: IOIT HAH Vkpainn, IM® HAH Vkpainn, ®TIHT HAH Vkpainu, negaroriuni BY3M ta VHiBepcuretu
IlepcnexkTusHi punku: Kpainu €C, CIIA Ta SnoHis.

IIpaBa iHTeJIEKTYaJIbLHOI BJIACHOCTI: 3a 0rOBOpamMu

®opmu Ta ymoBH nepegadi npogykuii: CriinipHi HIJIKP
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8. 3BiTHa JOKyMeHTaNis

KinpKicTs cTOpiHOK B 3BiTi: 133
Moga 3BiTy: YKpaiHCbKa

KinpkicTs ¢aiiiiB y 3BiTi: 1



9. 3aKJII0YHI BiTOMOCTI

IlepeJiik 0Ci6O-BHKOHABIIiB
Boruexiscbka Onena OsnexkcaHgpiBHa
HannnpaeHko bopuc OnexkcangpoBud
HyBaHcpKui AHIPiY Bonognmuposuy
KpanumHcekuil AHaTOII MUKOJIailoBUY
Jles Cepriii bormanosuy

Camouepnux Cepriit Boonumuposuy
Cochin Muxaiino I'eoprifioBuy
Tpunayko Mukosa OsekcaHapOBUAY
Xipynenko JllogMmniia IBaHiBHa

SlckoBeup IBaH [BaHOBUY

KepiBHHK opraHisamii:
Sluenko JleoHin ITeTpoBuy
KepiBHHKH po6OTH:

HannnpaeHko bopuc OnexkcangpoBud

KepiBHUK Bigainy peectpanii HayKoBoi AisibHOCTi

IOpyenko T.A.
YxpIHTEI




