O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 02170007312

Jep>kaBHUH peecTpauiliHUI HOMeEP: 0115U003242

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpamnii: 28-12-2017

II. Etran BukoHnauus JiP
Homep eramny: 1

Ha3sBa eramy: 91Po3po6ka HayKOBUX OCHOB CTBOPEHHSI IETEKTOPIB iOHI3yI040ro BUMIPOMIHIOBAHHSI T COHSIYHUX

esnieMeHTiB Ha ocHOBi CdTe, j1eroBaHOro i30BajJIeHTHMMU AoMilmKamu 3d-metasis (Mn, Zn)
IToyaTok eramy: 01.2015
3akiHyeHHs eTamy: 12.2017

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0coou (200 ITIB ¢izuyHOi 0c00H): YepHiBenbkuii HaliOHATBHMI

yHiBepcuTeT iMeHi lOpis PenpkoBuya

Kopg 3a €IPIIOY: 02071240

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu
InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: 584708



IV. BizomocrTi npo cniBBuUKOHaBLiB JIiP

IloBHe HaliMeHyBaHHS IOPHIHYHOI 0coou (a6o ITIB ¢izuuyHO0i 0c00H): CymchKuii nepkaBHMIA

YHIBHpCUTET

Koz, 3a €IPITIOY: 05408289
Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs
Poamip opranisanii:

Tenedon:

BHeCOK CIiBBUKOHABIIS Y 3BiTHHH €TaIl

V. BizomocTi npo 3amoBHuKa JIiP

IloBHe HaliMeHYBaHHS IOPHUAUYHOI 0coou (a6o ITIB ¢izmyHOi 0c06H): MinicTepcTBo ocBiTH i HayKK
Ykpainu

Kopg 3a €IPIIOY: 38621185

Micuesnaxo;pxeunu: npoc. [Tepemoru, 10, m. Kuis, KuiBcbka 061., 01135, Vkpaina

dopma ByracHoOCTI:

Cdepa ynpaBiiHHS: Ka6iner MinicTpis Vkpainu

InenTudikarop ROR: He zacrocosyerscs

Po3mip opraHisamii:

TenedoH: 380444813221

VI. II>kepeJia, HanpsiMHu Ta oocsiru piHaHcyBaHHs JIiP

IlincraBa ojist npoBemeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbLHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HayK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWTiB Ha mposeneHHs HIIJIKP)

HanpﬂM (l)iHchyBaHHﬂ: 2.1 - pyHmameHTaNbHI JOCIIIPKEHHS
Ixepesa ¢piHaHCYBaHHS

7713 - KOWITH Eep>KO0I0AKeTy

Kopg, nporpamuoi kiaacudikarnii BuzaTKis i KpeauryBaHHs (KITKBK): 2201040

dakTHyHHui 00cAr ¢piHaHCYBaHHS (THC. IPH.). 711.777




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka HayKOBUX OCHOB CTBOPEHHS JETEKTOPIB i0Hi3ylI0U0ro BUIIPOMIHIOBAaHHSI Ta COHSIYHUX €JIEMEHTIB Ha

ocHOBi CdTe, jieroBaHOro i30BaJIeHTHUMU AoMilKamu 3d-meTanis (Mn, Zn)

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of scientific background of radiation detectors and solar cells based on CdTe, doped by 3d-metals
(Mn, Zn) isovalence impurities

Pedepar yKpaiHCBKOIO:

Byny nosezeHi fociigkeHHsl MeTOOM JudepeHLiiHO-TePMIYHOr0 aHasi3y IIpoliecy IJIaBjIeHHs Ta KpUCTalisalii
TBepAux po3unHiB Cd(Zn,Mn)Te cucrem CdTe-MnTe, CdTe-ZnTe. Ha Bcix Tepmorpamax CrocTepirajuch eHao- i
eK30TepMiuHi epeKTH, gKi BiNOBinamu TouKam IJIaBJI€HHS i KprcTaisalii, ki XapaKTepHi /1711 KOHTPYEHTHUX
($a30BuUX NIEpeTBOPEHD B NOCIiIKyBaHUX 3pa3kax. Ha 0CHOBI IpoBeieHNX AOCIIPKEeHb ONITUMI30BaHO TEXHOJIOTIIO
cuHTe3y i BupomyBaHHs Kpuctasnis Cd(Zn,Mn)Te n1g cTBOpeHHs Ha iX OCHOBI A€TEKTOPIB pajialiliHoro
BUNPOMiHIOBaHHSA. ONTUMI30BaHO KOHCTPYKLi ITeyel, mporpamMmu 3MiHM TEMIIEPATYPH I1if] 4aC TEXHOJIOTIYHUX
orepaliii. BunpobyBaHo Kislbka METOAVK BUPOLIYBaHHS KPUCTaJIiB: MeTog, bpimkmeHa Ta Mogu@ikoBaHUN METOZ,
pyxomoro HarpiBHuKa. [IpoBeZieHO MOJ1eJ/10BaHHS PO3IOIily BKII0UeHb CTOPOHHIX (a3 B 00'eMi KpUCTAaiB i3
3aCTOCYBaHHSM PO3p006JIEHOr0 IPOrpaMHOro 3a6e3neyueHHsl. Briepiie nposeneHo ounctky kpucranis CdTe Ta Cdl-
xMnxTe Bin BKIoueHb a3y Te MeTonoM cyxoi 30HU. BCTaHOBJIEHO, 110 MiCIsl TAKOI OYUCTKU I'yCTHHA i po3mipu
BKJIIOYeHb ¢da3u Te B KpUCTasli BMEHIIYIOThCS Y eKijibKa pasiB, a KOHIEHTpallisl i0Hi30BaHUX OMIIIOK Gisblie, HDK B
2 pasu. Briepie 3aCTOCOBaHO OOEPTaHHS KOHTENHEPA Iif] KyTOM [0 TOPU30HTY, 10 J03BOJIMIIO BUPIBHITU PPOHT
KpUCTanizalii i miaBUIIKUTU OfHOPigHICT, MaTepiany. [IpoBeeHO KOMIIJIEKCHE TOCiIKEHHS aHCaMOJII0 TOUKOBUX
Ta 06'eMHUx gedekTiB B Kpucranax Cd(Zn,Mn)Te, nerosanux In(Al), 3 onTuMaabHUM BMIiCTOM Zn 260 Mn.
JocninkeHo eeKTpruyHi XapakrepucTtuku kpucrtainiB Cd(Zn,Mn)Te, ieroBanux iHzieM i CTpyKTyp Ha iX OCHOBI TUIlY
In/Cd(Zn, Mn)Te /In 3 omiunumu kontakramu 1a Cr/Cd(Zn ,Mn)Te /In 3 6ap'epHrMU KOHTaKTamu (gioau LIoTTKi),
SIKi 3aCTOCOBYBAJIACA OJIs1 CTBOPEHHS LETEKTOPIB X- Ta ?-BUNPOMIiHIOBaHHA. [IpoaHasi3oBaHO Ta MOSICHEHO
TeMIIepaTypHi 3aJ1eXKHOCTi IMTOMOTO OTIOPY, eHeprii piBHI PepMmi B MaTepianax 3 BEJIMKUM [IUTOMUM OIIOPOM.
3HalieHa eHeprid ioHi3anii i CTyniHb KOMIIEHCalil JOMILIKY, BilIIOBiNAIILHOI 32 €JIEKTPOIIPOBIIHICTE MaTepiaiy.
3aBIgKM CYMICHOMY JOCJIIIKEHHIO TEMIIEPATYPHOI 3aJIEXKHOCTI CTPYMIB OMIYHOI [i/ITHKM BOJIbT-aMIIEPHO]
XapaKTEPUCTUKU Ta CTPYMiB, 0OMEXEHUX IPOCTOPOBUM 3apsiIOM, BCTAHOBJIEHO 3B'130K MK €HEPreTUYHUM
IIOJIOKEHHSIM 1 CTyIleHeM KOoMIIeHcallii IJImb0oKoro piBHsl, BiAIIOBiIAIbHOTO 32 TEMHOBY IPOBIHICTh KPUCTAJIB Ta

AETEKTYIOUYMMHU BJIACTUBOCTAMU CTPYKTYD, SIKi BATOTOBJIEHI Ha OUX KpUCTajjdax.

Pedepar aHIJIiHCBKOIO:

The researches by the method of differential-thermal analysis of the melting and crystallization processes of Cd
(Zn, Mn) Te solid solutions (CdTe-MnTe, CdTe-ZnTe systems) were led. On all thermograms, endo- and
exothermic effects were observed that corresponded to the melting and crystallization points that are
characteristic of the congruent phase transformations. On the basis of the conducted researches, the technology
of Cd (Zn, Mn) Te crystals synthesis and growth has been optimized for the development of radiation detectors.
The furnace designs, temperature changes programs during the technological operations are optimized. Several
methods of growing crystals have been tested: the Bridgman method and the modified traveling heater method.
The simulation of the inclusion distribution of extraneous phases in the volume of crystals with the use of the
developed software was carried out. For the first time, CdTe and Cdl-xMnxTe crystals were cleaned from the
phase inclusions by the dry zone method. It is established that after such purification, the density and the
inclusions of the Te phase in the crystal decreases several times, and the concentration of ionized impurities more
than 2 times. For the first time the rotation of the container was applied at an angle to the horizon, which allowed



to align the crystallization front and increase the homogeneity of the material. A complex study of the ensemble of
point and volume defects in Cd(Zn,Mn)Te crystals, doped with In (Al), with optimal content of Zn or Mn was carried
out. The electric characteristics of the Cd(Zn,Mn)Te crystals, doped with indium, and structures on the basis of the
In/Cd(Zn,Mn)Te/In type with ohmic contacts and Cr/Cd(Zn,Mn)Te /In with barrier contacts (Schottky diodes)
that were used to create X- and ?-radiation detectors. The temperature dependences of resistivity, Fermi level
energy in materials with a high specific resistance were analyzed and explained. The ionization energy and the
degree of compensation of the impurity, responsible for the electrical conductivity of the material, were found.
Due to the coherent study of the temperature dependence of the currents of the ohmic section of the volt-ampere
characteristic and the currents, limited by the spatial charge, a connection between the energy positions and the
degree of compensation of the deep level responsible for the dark conductivity of the crystals and the detecting
properties of the structures made on these crystals was established.

Inpexc YIK: 546.4, 546.48

Koau TemaTuyHHUX pyOpHK: 31.17.15.09

KepiBHuUKH po6oTH

BiacHe IlIpizBuie Im's I10-6aTbKOBI: ®ouyk [Terpo Muxaiinosuy
HaykoBH# CTyIiHb:

BueHe 3BaHHS:

InenTudikarop ORCID ID:

HoparkoBa indopmamnist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: TexHooris cunTesy i BupougysanHs kpucrasis Cd(Zn,Mn)Te ajis CTBOPeHHS Ha ix

OCHOBI J€TEeKTOPIB paialiiiHOro BUIIPOMIiHIOBAHHS

Ha3zpa HTII anrsiicbKo010: Technology of synthesis and growth of Cd(Zn,Mn)Te crystals for the development

of radiation detectors

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpumaHi pe3yJIbTaTH:

l'asy3s 3acTocyBaHHs: M 72.19. JlocigKkeHHs i eKcriepuMeHTaIbHI po3po6KY y cdepi IHINK IPUPOAHUYHXK i

TEXHIYHMX HayK
PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: Ha ocuosi nqudepeHiiitHo-TepMiyHOro aHasi3y MPOLECIB MIaBJIEHHS Ta KPUCTAIi3allii TBEPIUX
posunHiB Cd(Zn,Mn)Te cucrem CdTe-MnTe, CdTe-ZnTe po3po6si€HO TEXHOJIOTiI0 CUHTE3Y i BUPOLyBaHHS
kpuctaniB Cd(Zn,Mn)Te 1151 CTBOpEeHHS Ha iX OCHOBI e TeKTOpPIB pafialilfiHOro BUIIPOMiHIOBaHHS; ONITUMI30BaHO
KOHCTPYKIii nlevei, mporpaMu 3MiHU TeMIIEpPATypPH MiJ, 4aC TEXHOJIOTIYHUX onepaLiil. BunpobyBaHo KijbKa
METOJIMK BUPOILYBAHHS KPUCTaiB (MeTo[ bpimkmeHa Ta Moan(iKOBaHM METOJ], PyXOMOTO HarpiBHUKA) Ta iX
ouncTku. Briepme nposeneHo ounctky KpucrasiB CdTe ta Cdl-xMnxTe Biz BkitoueHs ¢azu Te MeTomom Ccyxoi
30HU. BcTaHOB/IEHO, 11O MiCJI TAKOi OYMCTKY T'yCTUHA i po3mipu BkiItoueHb (a3 Te B KPUCTasi 3BMEHUIYIOTCS Y
IleKinbKa pasiB, a KOHLeHTPallisl ioHi30BaHUX AOMIIIOK bifbllle, HXK B 2 pa3u. Briepiue 3acToCOBaHO 0GEPTaHHS
KOHTENHEPA Iifi KyTOM 10 TOPU30HTY, 1O [O3BOJIMIIO BUPIBHATU (PPOHT KpUCTaisalii i NigBUIMTA OGHOPIAHICTD

Mmarepiaiy.

ConiaibHO-€eKOHOMIYHA cnpsamoBaHicTe HTII:

Bnyins HTII Ha moBKiJjis:

BnposaaskeHHst HTII: Briposampkeno

ITpakTuyHa peasnizanis HTTI
ITouaTok eramy: 2017
3aKiHYeHHs eTaly:

Cnos>kuBavi NpoayKIii: Haykosuj,acnipantu CTyaeHTH

IlepcrieKTHBHI PUHKH: Vkpaina

XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHMI 06CAT iHBECTHLiH, THC. TPH.: 0
IIpaBa, 0 HaAIOTHCS iHBECTOPY MiCJIsA 3aBEpPIIEHHSI POOOTH:
HasiBHicTh Oi3Hec-mJaHy: Hi
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHS: Hi
IloTeHniaJIbHUH 00CAT IPOAAXKY, THC. TPH.: 0
OuikyBaHHI TepMiH OKYITHOCTi (POKiB): -

JopaTtkoBa iHdpopmamuist: -
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X. 3aKJII0YHI BiZOMOCTi

KepiBHUK IOPHAHYHOI 0COOH Menbunyyk Crenan BacunboBud

IlepeJtik 0Cci0-BHKOHABILiB
IBaHiubKka BanentuHa I'puropisHa
IpemmnioxxeHko Cepriii 'puroposuy
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