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Pedepar:

1. Ilpuctpoi Ha ocHOBI III-HiTpUIiB MalOTh 3HAYHE MTOMKUPEHHS Y HAIIBIIPOBIGHUKOBIM TeXHili. OCHOBHUMU
cdepamy 3aCTOCYBAHHS € HaMiBIIPOBIHMKOBA ONTHUKA (Iiana3oH yabTpadioseToBOro-CUHLOTO CBIiTIa), CUJI0BA
€JIEKTPOHiKa (TPaH3UCTOPY 3 BUCOKOIO PYXJIUBICTIO €JIeKTPOHIB), BUCOKOYACTOTHA eJIeKTPOoHiKa (nionu ['aHHa).
JJociIHYUKY BiIKpUBAOTh HOBi MOKJIMBOCTI 3aCTOCYBaHHS B iHIINX c(pepax HaliBIPOBiJHUKOBOI TEXHIKH.
Hanpuknaz, oIHOBUMIPHI CTPYKTYPH — HAHOAPOTHU, MOXKYTb 3aCTOCOBYBATHUCS SIK CEHCOPH ra3iB, XiMiYHUX CIIOJIYK Y
PO34YMHAX, Ta HaBiTh y 6ioceHcopuLi. Takok IpoBoIsAThCS pobOTH 110 Oo6YHOBi Jorini Ha ocHOBiI GaN (PMOS,
NMOS). 3anixkasneHicts B lII-HiTpunax nosnsrae y ix BiiMiHHUX €JIEKTPUYHUX, MEXaHIYHUX Ta TEIJIOBUX
BnactuBocTAx. OcHoBuui IlI-HiTpug, GaN, € npsimo3oHHUM Ta [llupokominboBum (E_g~3.46 €B) HaniBNIpoOBiZHUKOM
i3 BUCOKOIO TEIJIONPOBIHICTIO Ta € XIMIYHO CTIKMUM. HiTpup rasiio € rojsgpHUM HaliBIPOBIIHUKOM, 8 TOMY

reTePOCTPYKTYPHY HA MOrO OCHOBI MaIOTh BKJINBI MEXaHIYHI BJIACTUBOCTI, HAIIPUKJIA], 1711 CTBOPEHHS



TPaH3UCTOPIB 3 BUCOKOIO PYXJIUBICTIO €JIEKTPOHIB, € OCHOBHUM KaHAJIOM IIPOBiHOCTI € ABOBUMipHUN
€JIEKTPOHHU ra3 y KBaHTOBIi1 SIMi, yTBOPEHOI IIepepo3IIoisioM NoISIpU3alifHUX 3apsiiB Ha MeXXi iHTepdeiicy
AlGaN /GaN. Takox MexaHi4Hi BJJaCTUBOCTI [103BOJIIIOTh BUPOOHULITBO [aTYMKiB MEXaHIYHUX HAIIPY>KEHb.
I'ereponepexin InGaN/GaN 3acTOCOBY€eTbCS 1711 BATOTOBJIEHHSI CUHIX CBITJIOAi0iB i3 BUCOKOIO €(PEKTUBHICTIO.
BupoiyBaHHIO CTPYKTYP Ha OCHOBI III-HITpUIiB BJ1aCTUBI BUCOKI TEMIIEPATYPU Ta TUCKU. OCHOBHUMU METOJAMMU €
HVPE, MOCVD, 110 fae Kpaiy sIKiCTb CTPYKTYP, Ta €IiTakcisi MoyieKyIsspHUM I1yuykoM (MBE) 111 BUpouyBaHHs
TOHKUX IIapiB i3 MaJIOI0 KiJIbKICTIO JOMIIIOK Ta AedeKTiB. OCHOBHOIO NIP06JIEMOIO € HEHaBMUCHE JIETyBaHHS
cTpyKTyp atomamu Si, O, C, 1m0 3a3BUyail IPOSBISIOTE cebe K TOHOPU y CTPYKTypax, OCOGINBO IIPU BUPOLLYBaHHI
mapiB i3 BMicTom Al. KpiM BHeCEHHS J0AaTKOBOI N-IIPOBiAHOCTI, IPUCYTHICTb aTOMIB Si roripirye MmexaHiuHi
BJIACTMBOCTI KpUCTaJy. [lJisl OCATHEHHS HEOOXiNHUX BIaCTUBOCTEN CTPYKTYP 3a3BU4ail BUKOPUCTOBYIOTh JOJJATKOBI
6ap'epHi mwapu 3 AIN abo i3ossuiiHi mapu i3 kKomneHcoBaHoro GaN. Ilonpu paHHE NOMMPEHHS Y
HAIIBIPOBIAHMKOBIN TEXHIlli, €JIEKTPUYHI, OIITUYHI Ta MEXaHi4YHi BIaCTUBOCTI III-HiTpUAiB BCE 1€ MUPOKO
IOCTiIKyThCs. Hanpukiiag, BIJIMB MeXaHIiYHOTO HaBaHTA)KEHHSI Ha eJIEKTPUYHI BJIACTUBOCTI CTPYKTYP He OyJI0
IIMPOKO JIOCTIIPKEHO, X04a y JesIKUX PoOOTax MOKa3aHO MOXJIUBICTb BUKOPUCTAHHS CTPYKTYP Ha 0CcHOBi GaN sik
aKCiaJIbHUX JAT4YMKIB gedopmaliii. B1acTUBOCTI CTPYKTYp MOXKYTb 3HAUHO BilIpi3HATUCS, OCKinbKY lII-HiTprIam
BJIACTMBA BMCOKa KOHIEHTPaIlisl e eKTiB Ta TOMIlIOK. Y IOCiIKeHHSIX BUCOKOYAaCTOTHUX BiacTuBocter GaN
[TIOKa3aHO 3HA4Hi BiIMiHHOCTI B €JIEKTPUYHUX BJIACTUBOCTSIX HA BiIMiHY BiJl THX, IO OTPUMaHi Y HU3bKOYaCTOTHUX
eKcnepuMmeHTax. HelomasHi OCiI)KeHHS TeTEPOCTPYKTYP METOAAMM BUCOKOYACTOTHO]I CIIEKTPOCKOIIi IToKazanu
BiJIXMJIEHHS Bif 3arajibHONIPUIHATOI MogeJi [pyne-JlopeHua st BUCOKO4YaCTOTHOI IIPOBiTHOCTI. Pe3ybpraTtu
METO/IiB TeparepLoBoi CIIEKTPOCKOIIi TOKa3yIOTh, IO Y€PBOHE 3MillleHHS PE30HAHCHOI YaCTOTH IJIa3MOHIB €
6i7bIIMM NOPIBHSIHO 3 BULLE3TaZaHOI0 MOJEJIIIIO 1711 TeMIiepaTyp rnoHayz, 150 K, xoua metoau ¢oToI0MiHeCLeH11ii
He I10Ka3aJI1 CYTTEBUX BiIXUJIEHD BiJl BiOMUX NaHUX. B ocTaHHIX po60Tax 1i€ BiXUJIEHHS [IOSICHIOIOTh
36ibIIeHHSIM e(PEeKTUBHOI MacH eJIeKTPOHa. MeTolo aucepTaliiiHoi pO60TH € 6araTOCTOPOHHE AOCTiIKEHHS
€JIEKTPUYHUX TA ONTUYHUX BJIACTUBOCTEN HU3bKOBUMIPHUX reTepOoCTPYKTYP lII-HITpUAiB i 30BHIIHIM BILIMBOM
NOJISIPU3ALIMHYX I10JIiB: CUJIbHE €JIEKTPUYHI 110JIs1, IUHAMiYHe HaBaHTaXKeHHS, (POTO30yA>KEHHs], Ta BIVIUB
TeparepLoBOro BUIIPOMIHIOBAHHS. Y LOCIIIKEHHSIX, IPOBEIEHUX Y PaMKax JUCepTaliliHoi po60TH, 6y10 OTPUMAHO
TaKi HayKOBi pe3ysibTaTu: bysin BcTaHOBJEHI GaKkTopH, 110 BIJIMBAIOTh HA TepMOMeETpito retepocTpyTyp GaN /AlGaN
METOJIOM MiKpOopaMaHiBCbKOI CIIEKTPOCKOIIii, Ta BpaX0BaHO BIJIUB JOJATKOBUX MEXaHIYHUX HANIPY>KEHb, 10
BUHMKAIOTh [IPU CUJIbHUX €JIEKTPUYHUX IOJISIX, METOJOM PEHTT€HOCTPYKTYPHOTO aHali3y. byso y3romxkeHo
PE3YJIbTaTH €JIEKTPUYHOIO Ta ONITUYHUX METO/IB IJ1s MOJIB 110 7 KB /cM. BusiBneHo, o frHaMivHe HaBaHTaKeHHS],
npukiageHe 1o rerepoctpykrypu GaN /AlGaN i3 1BOBUMIpHUM €JIeKTPOHHUM Ta30M, CIIPUYMHSIE 3MIHY Y
TPaHCIIOPTHUX XapaKTEPUCTUKAX. 3 NOCIiIKEHb aMIIITyJHUX XapaKTePUCTUK Ta 3MiH CTPYKTYPU Iif, BIVINBOM
nedopmarii 6ysio Brepiue IpoBefieHO OLiHKY eHeprii 30yIpKeHHs HOCIiB 3apsay. Byjio 3anrporioHOBaHO MOJIEb
IJIMOOKUX NOHOPHUX eHTpiB (DX-11eHTp) [ ONUCY BIJIMBY AMHAMIiuHOI nedopMaliii. BctaHoBIeHO, 0 TUHAMIYHE
HABaHTaXEHHS TAaKOX CIIPUYMHSIE 3MiHY €JIEKTPUYHUX XapaKTePUCTUK KaHasly NIPOBiJHOCT] y HAHOAPOTAX Ha OCHOBI
rereporiepexony AlGaN /GaN. BusBieHo, o Xapakrep 3MiH Ma€e XxapaKTepPUCTHKY, OHiOHY 110 BInBy YO

BUIIPOMIHIOBAHHS, i3 HAABHICTIO CTiMKOI IPOBIgHOCTI, a BiHOCHA 3MiHa IPOBigHO

2. Devices based on IlI-nitrides are widely used in semiconductor technology. The main areas of application are
semiconductor optics (ultraviolet-blue light range), power electronics (transistors with high electron mobility), and
high-frequency electronics (“Gunn diodes”). Researchers are discovering new applications in other areas of
semiconductor technology. For example, one-dimensional structures such as nanowires can be used as sensors of
gases, chemical compounds in solutions, and even in biosensing. Work is also underway to build logic based on
GaN (PMOS, NMOS). The interest in IlI-nitrides lies in their excellent electrical, mechanical, and thermal
properties. The main IlI-nitride, GaN, is a direct-band and wide-band (Eg~3.46 eV) semiconductor with high
thermal conductivity and is chemically stable. Gallium nitride is a polar semiconductor, and therefore
heterostructures based on it have important mechanical properties, for example, for creating transistors with high
electron mobility, where the main conduction channel is a two-dimensional electron gas in a quantum well formed
by the redistribution of polarization charges at the AIGaN/GaN interface. The mechanical properties also allow the



production of mechanical strain sensors. The InGaN /GaN heterojunction is used to manufacture high efficiency
blue LEDs. The growth of structures based on IlI-nitrides is characterized by high temperatures and pressures.
The main methods are HVPE, MOCVD, which gives better quality structures, and molecular beam epitaxy (MBE) to
grow thin layers with few impurities and defects. The main problem is the unintentional doping of structures with
Si, O, C atoms, which usually appear as donors in structures, especially when growing layers with Al content.
Additional atoms of Si also degrade mechanical properties of GaN crystalline. In order to achieve the required
properties of the structures, additional barrier layers of AIN or insulating layers of compensated GaN are usually
used. Despite their early adoption in semiconductor technology, the electrical, optical, and mechanical properties
of Ill-nitrides are still being widely studied. For example, the effect of mechanical deformation on the electrical
properties of the structures has not been widely studied, although some works have shown the possibility of using
GaN-based structures as axial strain sensors. The properties of the structures can vary significantly because I11-
nitrides are characterized by a high concentration of defects and impurities. Studies of the high-frequency
properties of GaN have shown significant differences in electrical properties in contrast to those obtained in low-
frequency experiments. Recent studies of heterostructures by high-frequency spectroscopy have shown
deviations from the conventional Drude-Lorentz model for high-frequency conductivity. The results of terahertz
spectroscopy show that the redshift of the plasmon resonance frequency is larger compared to the above model
for temperatures above 150 K, although photoluminescence methods did not show significant deviations from the
known data. In recent studies, this deviation is explained by an increase in the effective mass of the electron. The
aim of the thesis is a comprehensive study of the electrical and optical properties of low-dimensional IlI-nitride
heterostructures under the external influence of polarization fields: strong electric fields, dynamic loading,
photoexcitation, and terahertz radiation. The following scientific results were obtained for the first time: 1. The
factors affecting the thermometry of GaN /AlGaN heterostructures were determined by micro-Raman
spectroscopy and the influence of additional mechanical stresses arising from strong electric fields was taken into
account by X-ray diffraction analysis. The results of the electrical and optical methods for fields up to 7kV/cm
were aligned. 2. It was found that the dynamic load applied to the GaN /AlGaN heterostructure with a two-
dimensional electron gas causes a change in the transport characteristics. From the study of the amplitude
characteristics and changes in the structure under the influence of strain, the excitation energy of charge carriers
was first estimated. The deep donor center (DX-center) model was proposed to describe the effect of dynamic
strain. 3. It was found that dynamic loading also causes a change in the electrical characteristics of the conduction
channel in nanowires based on the AlGaN/GaN heterojunction. It was found that the nature of the changes has a
characteristic similar to the effect of UV radiation, with the pr
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