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1. lucepTaris npucBsYeHa KOMIIJIEKCHOMY JIOCJIiT)KEHHIO 3aCTOCYBaHb i PO3POOOK TEXHOJIOTiYHUX PillleHb 11010
$hopMyBaHHSI HAHOTEMILJIETIB /111 reTepOCTPYKTYP III-HITpUAiB, B TOMY YKCIIi 3 HEIIOJISIPHOIO KpUcTanorpadidHoo
OpieHTalli€lo, 00 3a0e31eueHHs ManoeeKTHOCTI i MOXJIMBOCTI OJlep>KaHHSI HAHOCTPYKTYP (HaHOCTEPIKHIB,
KBAaHTOBUX TOYOK, TOIIO) [JIs iX IPaKTUYHOI peasisalii B ONTOeIeKTPOHHUX iHTEerpalbHUX cxeMax. Ha 6asi
3aIpOINIOHOBAHOI CIIPOIIEHOI MaTeMAaTUYHOI MOZEJIi IIPoLecy 3apOoKeHHS 1ePEKTiB y TPUBUMiIpHHUX
HAaHOCTPYKTYypax PO3IJISHYTO KpUTepii BU6OPY i po3paxyHKy TEMIJIETHUX [TapaMeTpiB (CIiBBiHOIEHHS pajiycy i
IJIMOMHY HaHOIIP) AJ1 3a6e3ne4eHHs MalofePEeKTHOCTI reTepOCTPYKTYp. Po3rysHyTO KpiTepii 11040 MonestoBaHHS
3apOJKOYTBOPEHHS Ne(EeKTiB Y HAHOCTPYKTYpax 3 TPUBMMIPHUM OOMEKEHHHSIM i3 3aCTOCYBAHHSIM HAaHOTEMILJIETIB 3
METOI0 3abe3redeHHs] HU3bKOI IibHICTI AMCIIOKALil reTepoCTPYKTYp. BusHaueHo, o po3pobseHi HaHO-TeMILIETH
aHOJ0BAaHOT'O OKCUJY aJIIOMiHil0, 1[0 cpopMoBaHi y po3uunHi 0,05M 11aByieBoOi KUCIOTH, MOXKYTb 320€311€YUTU
3a0BiJIbHY OAHOPIOHICTb TA MEPIOAUYHICTS IIip, & CTATUCTUYHUI PO3NOIIN iX JiamMeTpiB 110 IJIOLLi TOBEPXHI, 4K
0yJ10 BCTAaHOBJIEHO 32 JOTIOMOI0I0 aTOMHO-CUJIOBOTO MiKPOCKOIIY, XapaKTepU3yeTbCs 6iMOLANBHICTIO: IEpEeBasKHA iX
KisIbKicTh Bu3Havanacs fgiamerpamu ~20-30 HM a6o 55-100 HM, 1110 3TigHO 3aMPONOHOBAHOI CIIPOILIEHO]
MaTeMaTU4HOI Mojieli, 3abe3rneyye AOLIIbHICTb PO3IJISIAY TAKUX HAHO-TEMILIETIB B LOCJifaX 1040 3a0e311e4eHHs
SIK HU3bKOI LiIJIBHOCTI AMCJIOKALiY, TaK i KOHTPOJIbOBAHOCTI PO3Mipy i pO3TallyBaHHS HAHOCTPYKTYP. JOCIimKeHO i
IIOBEIEHO MOXKJIMBICTh BUKOPUCTAHHS Ha KPEMHil HAHO-TEMILJIETIB aHOAHOTO OKCUY aJIIOMiHil0, ONTHMAaIbHUX
3TiIHO 3aIIpPONIOHOBAHO] CIIPOIEHOI MaTEMAaTUYHOI MOZEJIi 1100 [IpoLecy 3apOIKEHHS Ne(eKTiB, 171 POCTy
METOJIOM XJIOpUJ-TigpuaHoi razodasHoi enitakcii HenoJssipHoro o-GaN 3 kpucranorpadgidyHoro opieHrauieto (112 n0) i
HU3bKOIO WIIJIbHICTIO 1e(EKTIB YIIaKOBKY, IIOPIBHSIHOIO 3 PE3yJIbTaTaMM Ha OCHOBi METOMIB OLHOCTYIIEHEBOTO
JlaTepaJjlbHOTO 3pOCTaHHs abo 3a fgoromMororo 6ydepHux mapiB Ha candipi i Ha Kap6ini KpeMHilo, BifITIOBIIHO.
JocninkeHo i po3po6J1eHO TEXHOJIOTIYHUI IPOLIEC, IO He € JiTorpadgivyHuMm, moA0 GOpMyBaHHS HEIOJSIPHUX HAHO
retepocTpykTyp IlI-HiTpUAiB 3 HU3BKOIO WIiNBHICTIO AePeKTiB i MOXKIIMBICTIO 3/iICHEHHS KOHTPOJIIO PO3MIpIB i
pO3TallyBaHHS (HAHOAPOTIB, HAHOKIJElb Ta KBAHTOBUX TOUOK) HA OCHOBI Ilepeiadi MaJIlOHKy reKCcaroHajbHUX HaHO
IIOp TEMIUIETIB aHOJOBAaHOTO OKCUY aJIIOMiHiI0 Ha Macky SiO2. [Ipn gociigKeHHi METOIOM MIPOCBIYyI0Y0i
€JIEKTPOHHOI MiKpOCKOIIii BCTAaHOBJIEHO, 1O [IEPEPi3u MacKBiB HAaHOCTEP>KHIB GaN MaloTb BEpPTUKaJbHi O6iHi
CTiHKH, KOHyCOTIOIiOHe 0O6pamMJieHHs], i BUCOTa iX BUBHAYAETHCS TOBIIMHOI SiO2 MacKy, a MisIbHICTh TUCIOKaLil
IIpU 1IbOMY CTaHOBUTD ~3x106 cMm-2. [IpoBeneHi focimpKeHHs GOTONMIOMIHICIIEHTHHX XapaKTepUCTUK
reTepocTpykTyp 3 4-nepioguumu GaN /InGaN KBaHTOBUMU siMamu, cpopMoBaHUMU Ha cucTeMi GaN HaHOCTEp KHIB
i Ha nnaHapHux GaN mapax. bysio npoeMOHCTPOBaHO, 1110 iIHTEHCUBHICTD MiKy (POTOIIOMIHICLIEHLIii CTPYKTYP 3
GaN/InGaN KBaHTOBMMHU SIMaMM Ha HAHOCTEP KHSX BTPUYi BUIIA MTOPIBHSIHO 3 IJIAHAPHUM BapiaHTOM, 10 MO>KHA
IIOSICHUTY HasIBHICTIO KBAHTOBUX TOYOK i KBAHTOBUX Kijlellb Ha (paceTOBaHUX NIOBEPXHSX. [Ipy 1IbOMY IIiK
MaKCHMMyMYy BUIIPOMiHIOBaHHS (464HM) 3MileHMI HA 36 HM y JOBrOXBUJIbOBY 00J1aCTb (MaKCUMYM - 500HM), 1110
CBiZUMTD IIPO 30i/bLIIEHHS YaCTKH iHJIiI0 Y KBAHTOBIM SIMi 3aBISIKM KOHYCOIIO/1i0HOMY 0OpaMJIEHHIO, IO [1JIs1
(daceToBaHUX [TOBEPXOHb HAHOCTEP>KHIB 3yMOBJIIOE HETIOJISIPHY i HAMiBIOJISIPHY KpUcTanorpadiuny opieHTalio i,
BiITIOBiHO, MOXKJIMBICTb IIOTPAIJISIHHS Oi/1b1IO] [0JI iHTiI0 B KpucTaniyHy rpaTtky InGaN. PosrisiHyTo 3acTocyBaHHS
ollep>KaHMX HAaHOTEMIUIETIB TEKCTypoBaHoro candipy ans YO-doroaionis i mapis akyMmysitoBaHHS €HePrii, o
MOXXYTb BUKOPUCTOBYBATHCS B ONITOEJIEKTPOHHUX IHTETPAJIbHUX CXEMax KOCMIYHOTO, 6i0JI0riYHOrO Ta BilICBKOBOTO
IIpM3HAYEHHS 3aBJSIKM BUCOKIM TepMiuHili, XiMiuHil Ta pagianiiinii crifikocti candipy i III-HiTpuais, ne
TpaAuLiHUI KpEeMHiN He nigxonuTs. I mapiB GaN, chopMoBaHMX HA HAHOTEMILJIETAX TEKCTYPOBAHOTO cangipy
OTPMMAaHO HU3bKY WIiNIbHICTb AKCIOKaLii mpopocTaHHs (~ 5x106 cM -2), OpiBHSHY 3 mapamu, COPMOBAHUMU 34
METOJUKOIO eniTakciliHOro 6iuHoro 3apouryBaHHs. llinbHiCT [rCIOKaLil BU3HAYanacs Ha OCHOBI IudysiitHoi
IOBXXVHU HEPIBHOBKHUX HOCIIB 32 IOIIOMOT0I0 METO/ly CTPYMiB, iHIYKOBaHUX €JIEKTPOHHUM IpoMeHeM. g YO
GaN ¢orogionis 3 6ap’epom LIIOTKi IOKa3aHO, MO CTPYKTYPH, C(OOPMOBAHI HA HAHOTEMILIETAX TEKCTYPOBAHOTO
candipy, nopiBHsHO 3 poTomionamu 6€3 HaHOTEMILIETIB, 320€3M1e4YyI0Th KPYTIlINi OBrOXBUIBbOBUH (375-475 HM)
Kpail HOpMOBaHOi (POTOUYTINBOCTI, SMEHIIYIOUH ii Ha TIOPSIOK B IIbOMY [1ialla30Hi, 1110 AO3BOJIsIE OOXOAUTUCH 6e3
crieniazibHUX PinbTpis. 115 mapis akymysisii eHeprii B ogtHomy MOCVD TexXHOJIOTiYHOMY LIMKJIi HA HAHOTEMILIETaxX
TEKCTYpPOBAHOTro candipy 3anponoHoBaHO (POPMYBaTH, HAHOKAPO6iny, KoHcoinoBaHi (pa3u AICN a6o BCN B nnoToui

TPUMETUJIY aJIIOMiH{I0 260 TpueTuiy 60py, BiiIIOBiHO, a TAKOX LIapyu rekcaroHaabHoro Hitpuny 6opy (h-BN), B



SIKMI MO>Xe OyTU iHKaICcyboBaHUM rpadeH. Kio4oBi c10Ba: HAHOTEMILIETH, TETEPOCTPYKTYPH, HiTpuau 111 rpymuy,

ManonedeKTHICTh, aHOJTOBAHUI OKCU/JI, aJIIOMiHiI0.

2. This work studies application and development of technological solutions for the formation of nano-templates
for heterostructures of IlI-nitrides, including those with nonpolar crystallographic orientation, in order to ensure a
low density of defects and the possibility of obtaining nanostructures (nanorods, quantum dots, etc.) for their
practical implementation in optoelectronic integrated circuits. The the approach to defect nucleation modeling in
three-dimensional confined nanoislands of templated nanostructures was considered in order to ensure a low
density of dislocation of heterostructures. It is determined that the developed nano-templates of anodized
aluminum oxide formed in a solution of 0,05M oxalic acid can provide satisfactory homogeneity and periodicity of
pores, and the statistical distribution of their diameters over the surface area, as established by atomic force
microscope, is characterized by a bimodality: their predominant number was determined by diameters of ~ 20-30
nm or 55-100 nm, which, according to the proposed simplified mathematical model, may provide expediency for
considering such nano-templates in experiments to ensure for low dislocation density and controllable size and
location of nanostructures. It was investigated and proved the possibility of using on the silicon anodic alumina
nano-templates, optimal according to the simplified mathematical model of the defect generation process, for
growth by the method of chloride-hydride gas-phase epitaxy of non-polar o-GaN with crystallographic orientation
(112 00) and low stacking fault defect density, compared with results on the basis of methods of one-stage lateral
growth or using buffer layers on sapphire and silicon carbide, respectively. The technological process, which is not
lithographic, is investigated and developed in relation to the formation of nonpolar nano-heterostructures of I1I-
nitrides with low defect density and the ability to control the size and location (nanowires, nanoclusters and
quantum dots) on the basis of the transfer of a picture from hexagonal nano pores from anodized oxide templates
aluminum on a SiO2 mask. In a study by the method of translucent electron microscopy, it was determined that
the cross sections of GaN nanorods have vertical side walls, cone-shaped frame, and their height is determined by
the thickness of the SiO2 mask, and the density of the dislocations at the same time is ~ 3x106 cm-2. However, for
the MOCVD epitaxy (horizontal reactor, EPIQUIP equipment), thermodynamic parameters (temperature, pressure)
and precursors were experimentally determined, in which nanopores with a radius of <10 nm were formed on the
sapphire surface. It was shown that It was possible to grow heteroepitaxial layers of IlI-nitrides with a low density
of dislocations, as well as to form consolidated phases of nanocarbides encapsulated in the atomic structure of
aluminum or boron carbonitride on the obtained templates of nanotexted sapphire in one technological cycle. The
application of the obtained nano-templates of textured sapphire was considered for UV photodiodes and energy
storage layers that can be used in optoelectronic integrated circuits for space, biological and military purposes due
to the high thermal, chemical and radiation resistance of both sapphire and IlI-nitrides, where the traditional
silicon does not fit. It was obtained low dislocation density (~ 5x106 cm -2) comparable to structures formed by the
method using epitaxial lateral overgrowth for GaN layers formed on such nano-templates of textured sapphire.
The dislocation density was determined on the basis of the diffusion length of nonequilibrium carriers through the
electron-beam-induced current method. For UV GaN photodiodes with Schottky barrier, it is shown that the
structures formed on nano-templates of textured sapphire, in comparison with photodiodes without nano-
templates, provide a steeper long-wave (375-475 nm) edge of normalized photosensitivity, decreasing it by an
order of magnitude in this range , which allows to handle without special filters. For energy accumulation layers, in
one MOCVD technological cycle on the textured sapphire nano-templates, it was proposed to form nano-carbides,
consolidated AICN or BCN phases in a stream of trimethyl aluminum or triethyl boron, respectively, as well as
layers of hexagonal boron nitride (h-BN), in which graphene can be encapsulated. Keywords: nanotemplate,
heterostructures, nitrides of the III group, little defect, anodized aluminum oxide, photodetectors.
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