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Pedepar:

1. Incepraiist Ha 3M00YTTSI HAYKOBOTO CTYIEHs KaHAMUIaTa TEXHIYHUX HayK 3a creljanbpHicTio 05.27.01 -
TBeppoTinbHa enekTpoHika. — HaljionanpHM TEXHIYHUN YHIBEPCUTET YKpainu "KuiBCbKUi MOJMITEXHIYHUN iIHCTUTYT
imeni Irops Cikopcpkoro” MinicTepcTBa ocBiTu i Hayku YKpainu, Kuis, 2021. [lucepTanis mprucBsiieHa po3pooui
disnyHMX 3acaj, BUOOPY AiesekTpuka ayasg MJH-CcTpyKTyp 3 [1€BHOIO HalliBIIPOBIAHUKOBOIO MiAKIaAKO0 Ta
IOCJIIPKEHHIO IUIIBOK IiOKCUAY LEPilo K aJbTepHATMBY ILIiBKaM AioKcUIy KpeMHI. [IpoaHani3oBaHO BILINB
IienekTprKa Ha esekTpodisnyHi napametpu MJIH-TpaH3ucTopa 3 iHgyKoOBaHUM KaHajsioM. [Toka3aHo, 1o maibke BCi
rapaMeTpU i XapaKTePUCTUKU TPAH3UCTOPA 3aJ1€XKaTh Bif, BJACTUBOCTEN MieJIeKTPUKA. BUKOPUCTaHHS AieslIeKTpUKa
3 i BUIIEHOIO AieseKTpruyHoto mpoHukHicTio (high-k nienexkrpuka), 3aMicTh KJ1aCUYHOTO JOiOKCUAY KPEMHIIO,
I03BOJISIE YHUKHYTU TYHEJIbHUI CTPYMY Uepe3 JiesIeKTPUK 32 PaXyHOK 30i/IbLIEHHS TOBUIMHU I1J1iBKU, & TAKOXK
nigBUIKTH Hapyry npo6ow MIH-ctpykTypu. [TokazaHo TakoxX, 10 iCHyI04i KpuTepii BUOOPY HieseKTpuKa
PO3p006JIeHI BUKJIIOYHO JJ1s1 KPEMHI€BOI MiTKIAJKW, HE BpaxOBYIOTh BILJIMB MEXi JlieJIeKTpUK-HaMiBIPOBIJHUK, a
pe3ybTaT BUOOPY 3a LMMU KPUTEPISIMU € HEOJHO3HaYHUM. Ha xapakrepuctuku MJIH-nipusnany BIJIMBA€ HE TiJIbKA
IieJleKTpUYHa MPOHUKHICTD JieJIeKTPYKa, a 1 IiIbHICTh e(PeKTUBHOTO 3apsAy B Ii€JIeKTPUKY, 0 SKOrO
BiJHOCSITbCSL: 3apsi], PyXJIMBUX i0HIB, 3apsif, 3aXOIJIEHNIT HA PiBHSX ACTOK B JiesIeKTpUKy, QikCOBaHUIH 3apsiy, B
IieJIEKTPUKY Ta IIOBEPXHEBUH 3aXOIJIeHUi 3apsi. Ilepiui ABa NPUBOISTh 10 HECTA0IIBHOCTI XapaKTEPUCTHUK
[pusanay, aje MOXKyTb 6yTH YCyHEHi ITOKpaleHHsIM TeXHOJIOTiYHOro npouecy. OcTaHHi 1Ba 00yMOBJIeH] HAasIBHICTIO
00ipBaHMX MDKaTOMHUX 3B'SI3KiB B [ieJIEKTPUKY Ta HA IOr0 MeXKi 3 HaliBIIPOBIIHUKOM, i 1711 KOHKPETHOI
HaIliBIIPOBiIHUKOBOI MiIKJIAKN 3aJI€KaTh TUILKY Bifj IapaMeTpiB gienekrTpuka. Came TOMy MiHiMizalis minbHOCTI
LIMX OBOX 3apsfiB 06paHa Ipu po3pobLi KpuTepito Bubopy mienexkrpuka ajns MIIH-cTtpykryp. Po3pobyeno
3arajlbHU KPUTEPiil BUOOPY ZiesIeKTPUKA, B OCHOBY SIKOTO MOKJIaleHa MiHiMasibHa Pi3HMLS iINBHOCTI 06ipBaHUX
3B'SI3KiB Ha MeXKi JlieJIeKTpUK-BaKyyM Ta Ha MeXi HaliBIPOBiTHUK-BaKyyM. JIj1s BUBHAUY€HHS! KiJIbKOCTi 06ipBaHMX
3B's13KiB Ha MeXXi KpUCTa/l-BaKyyM, BUHMKJIA I0Tpe6a 1106ynoBU Mogei Liei mexxi. OcTaHHE BUSIBUIIOCh
HEMOXJIMBUM B MeXXaX KJIACUYHOTO (BYy3JIOBOT0) METOAY ONIMCY KPUCTaJiYHOi peutiTku. Tomy 6yy10 po3pobyieHo
aJIbTePHATMBHUM METO], ONMCY KPUCTAJIIYHOI PELIiTKY — Mi>KBY3JIOBUH aCleKT, SK1i (i3UYHO i MAaTeMAaTUYHO He
CyIlepeyduThb KJIACUYHOMY acleKTy. Buxopasuu 3 peHOMEeHOJIOTii MiXKBY3JI0BOTO aCIIEKTY, B [IEpLUIOMY HaOJIVIKEHI,
IiZIbHICTh 06ipBaHMUX 3B'I3KiB HA ME€Xi KpUCTaJI-BaKyyM OO€PHEHO NPOIOPLiiiHa /IO IPUMITUBHOI NIETJIi [1JI0CKOI
CiTKM Ha 1Iiil MexXi. B 3arajibHOMy BUINAKY, BUBHAYUTH LII0 [IJIOLLY CKJIAZHO (Ye€pe3 BEJIUKY KiJIbKiCTb MOXKJIMBUX
opieHTaLiil niaKIaaKy), abo Maiike He MOKIIMBO (Yepe3 aMOPQHICTh [iesleKTPUYHOI I11iBKK). Tomy, AJist
y3araJbHEHHSI 3alIpONIOHOBAHOT'O KPUTEPIlO, BBEA,EHO YHIBEPCAIbHUI IIapaMeTp — CepeiHs TOBXMHA 3BS13KY, KU
XapaKTepUusye yCepegHEHY BiICTaHb MK CKJIaQOBUMU KPUCTAJIIYHOI pEYOBMHMU. 32 LIMX YMOB, IJIOIIA METJIi IIJIOCKOI
CITKM Ha IIOBEPXHi KpUCTaly pO3Pax0OBYETHCS SIK KBaZpaT CEPENHbOI JOBKUHMY 3B'I3Ky. [JIsI MigTBEPIPKEHHS
IIPUMHSATHOCTI BUKOPUCTAHHS LIbOTO ITapaMeTPy BCTAaHOBJIEHO B3aEMO3B'SI30K MK HUM Ta pOOOTOIO0 BUXOLY
€JIEKTPOHA 3 KpucTaiy. Po3paxyHOK pi3HUI MiTbHOCTI 06ipBaHMX 3B'I3KiB HA MeXaX [1ieJIeKTPUK-BaKyyM Ta
HaIiBIPOBIAHMK-BAKyyM I10Ka3aB, 0 AJIS1 KPEMHIEBOI MIIKIANKY, 3 PSIY Ni€JIEeKTPUKIB IIPETEHIEHTIB, BillIOBIAHO
IO po3po6JieHOro KpuTepito, Hanbinbm nigxonsumumu € Dy203, CeO2 i La203. [17151 npoBeieHHs eKCIIEPUMEHTY
00paHo JioKcuf, Liepilo. AHasli3 METOMiB OTPUMaHHS IVTiBOK JiOKCHAY LiEpilo Ha KpeMHieBiil MiAKIaALli oKasas, 110
HEe3aJIeXKHO BiJ METOZly BOHU MAlOTh CTPYKTYypy HaHOKpUcTasiB CeO2 B aMopdHiit dazi Ce203. 114 ninTBepAKeHHS
eeKTUBHOCTI BUKOPUCTaHHS Jiokcuy nepito B MJH-cTpykTypax, 6yji0 BUTOTOBJIEHO CTPYKTYpH aJIIOMIiHil-
IiOKCHJ, LiePilo-KPEeMHIl JBOMa METOIAMU — METOLO0M OKCHUIYBAaHHS METAJIEBOTO A3€PKajla Ta METOJIOM CIIajlaxXy.
SIkicTp MeXi AioKcUA, Lepilo-KpeMHill OLiHI0OBaIach 3a LIIbHICTIO 3apsay Ha ii Mexi. B po6oTi 3annponoHoBaHa
CIIPOILEHA METOJIMKA BU3HAYEHHS LIIJIbHOCTI 3apsifiiB HA MEXI ieJIeKTPUK-HAIMIBIIPOBIIHYK 32
eKCIIepMMEHTaJIbHUMU BOJIbT-(QapafHUMK xapakTepructukamu MJIH-cTpykTyp. [lokasaHo, 110 LiIbHICT

eeKTUBHOrO 3apsiy Ha MEXIi NiOKCUT Ljepilo-KpeMHIl He Oiblle HiK Ha MeXi JioKcug KpeMHilo-KpeMHil. Takum



YMHOM, 3aMiHa IiIOKCUIy KPEMHIIO Ha AiOKCU[ Liepilo, JO3BOJIsIE 320€3N€YNTH 3MEHIIEHHS TYHEJIbHUX CTPYMIB uepes
IlieJIEKTPUK i He MOTipIIye SIKOCTI MEXi JieIeKTPUK-KPEMHIN.

2. Thesis for a Candidate Degree in Technical Sciences: Specialty 05.27.01 - Solid State Electronics. - National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Ukraine, Kyiv, 2020. The dissertation is
devoted to the development of physical bases of insulator choosing for MIS structures with a certain
semiconductor substrate and to the study of cerium dioxide films as an alternative to silicon dioxide film. The
influence of the dielectric on the electrophysical parameters of the MOS transistor with induced channel is
analyzed. It is shown that almost all parameters and characteristics of the transistor depend on the properties of
the dielectric. The use of a dielectric with high dielectric constant (high-k dielectric), instead of the classic silicon
dioxide, avoids tunneling current through the dielectric by increasing the film thickness, also increase the
breakdown of the MIS structure. It is also shown that the existing insulator choosing criterion are designed
exclusively for the silicon substrate, do not take into account the influence of the insulator-semiconductor
interface and do not give unambiguous results. Not only the dielectric constant affects the characteristics of the
MIS device , but also the density of the effective charge in the insulator. The nature of this charge components (the
charge of mobile ions, the trapped charge in insulator, the fixed charge in the insulator and the surface trapped
charge) is studied. The first two lead to instability of the device characteristics, but can be eliminated by improving
the technological process. The last two are due to the presence of broken connections in the insulator and at its
boundary with the semiconductor. For a particular semiconductor substrate they depend only on the insulator
parameters. That is why the minimization of these charges density was chosen in the development of the choosing
criterion of insulator for MIS structures. A general criterion for choosing a dielectric has been developed. It is
based on the minimum difference in the density of broken bonds at the dielectric-vacuum interface and at the
semiconductor-vacuum interface. There was a need to build a model of the crystal-vacuum separation boundary
to determine the number of broken bonds at this boundary. This turned out to be impossible within the classical
(nodal) method of describing the crystal lattice. this is impossible within the classical method of describing the
crystal lattice. Therefore, an alternative - interstitial method of describing the crystal lattice was developed, which
physically and mathematically does not contradict the classical aspect. Based on the phenomenology of the
internodal aspect, in the first approximation, the density of broken bonds at the crystal-vacuum interface is
inversely to the square of the primitive loop of the flat grid at this interface. In the general case, this area is difficult
to determine due to the large number of possible orientations of the substrate, or almost impossible, due to the
amorphousness of the dielectric film. Therefore, to generalize the proposed criterion, a universal parameter is
introduced - the average bond length, which characterizes the average distance between the components of the
crystalline substance. Under these conditions, the area of the loop of the flat grid on the surface of the crystal is
calculated as the square of the average bond length. To confirm the acceptability of the use of this parameter, a
relationship has been established between it and the electron work function of the crystal. The difference between
the density of broken bonds at the dielectric-vacuum and semiconductor-vacuum boundaries is calculated. This
calculation showed that for a silicon substrate, from a number of dielectric applicants according to the developed
criterion, the most suitable are Dy203, CeO2 and La203. Cerium dioxide was selected for the experiment. Analysis
of methods for producing cerium dioxide films on a silicon substrate showed that, regardless of the method, they
have the structure of CeO2 nanocrystals in the amorphous Ce203 phase. To confirm the effectiveness of the use of
cerium dioxide in MIS structures, aluminum-cerium dioxide-silicon structures were fabricated by two methods -
the metal mirror oxidation method and the flash method. The quality of the cerium-silicon dioxide interface was
evaluated by the charge density at its boundary. The paper proposes a simplified method for determining the
charge density at the dielectric-semiconductor interface according to the experimental volt-farad characteristics
of MIS structures. It is shown that the effective charge density at the cerium dioxide-silicon interface is not more
than at the silicon dioxide-silicon interface. Thus, the replacement of silicon dioxide by cerium dioxide, allows to
reduce the tunnel currents through the dielectric and does not impair the quality of the dielectric-silicon

interface.
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