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Pedepar:

1. Inceprariist Ha 30O6YTTSI HAYKOBOTO CTYIIEHS KaHJWATa TEXHIYHUX HayK 3a crewjanpHicTio 05.27.01 -
TBeppoTinbpHa eekTpoHika. — HaljioHanpHM TEXHIYHUN YHIBEPCUTET YKpaiHu "KniBCbKUH MOJITEXHIYHUIN iHCTUTYT
imeni Irops Cikopcbkoro" MiHicTepcTBa OCBiTH i Hayku YKpaiHu, Kuis, 2021. [lucepTallist npucBsiieHa po3pooLi
¢disnuHuX 3acaf BUOGOPY HienekTpuka 1jst MIH-CTpyKTyp 3 IEBHOIO HaMiBIPOBiIHUKOBOIO MiIKJIAKOIO Ta
IOCJIIPKEHHIO IUTiBOK IOKCUAY LIEPIIO SIK aJlbTePHATUBY IJIiBKaM JioKcHy KpeMHi. [IpoaHani3oBaHO BILINB
IieseKTpyKa Ha esiekTpo@iznyni napamerpu MJIH-TpaH3ucTopa 3 iHAyKoBaHUM KaHayioM. [TokazaHo, 1o Maiixke BCi
IapaMeTpH i XapaKTEePUCTUKYA TPAH3UCTOPA 3aJI€KaTh BiJl BIACTUBOCTEN AieJeKTpUKa. BUKOpUCTaHHS AieeKTpUKa
3 MiIBUILIEHOIO JlieJIeKTPUYHOI0 MpoHUKHicTIO (high-k mienexTpuka), 3aMicTb KJIaCUYHOTO IiOKCUAY KPEMHIIO,
I03BOJISIE YHUKHYTHU TYHEJIbHUI CTPYMY Uepes JieIeKTPUK 32 PaXyHOK 301/blIeHHS TOBLUIMHY IJ1iBKU, a TaKOX
nigBUIMTY Hapyry mpo6oo MJH-ctpykTypu. [TokazaHo TakoX, 110 iCHYIO4i KpUTepii BUOOPY HiesleKTpUKa
pO3po0bJeHi BUKIIIOYHO JJ1s1 KDEMHIEBOI MiTKIIaIKY, HE BPaxOBYIOTh BILJIMB MEXi TlieJIeKTpUK-HaiBIPOBITHUK, a
pe3yJbTaT BU6OpY 3a LUMU KPUTEPISIMU € HeoHO3HaYHUM. Ha xapakrepuctuku MJIH-nipusnany BIJIMBA€ HE TiJIbKU
IieJIeKTpUYHa IPOHUKHICTb JieJIeKTPYKa, a 1 WiJIbHICTh €(PeKTUBHOTO 3apsiAy B Ji€JeKTPHUKY, [0 SIKOrO
BiJHOCSITBCSL: 3apsi], PyXJIMBUX iOHIB, 3apsj, 3aXOIJIEHN! HA PiBHSIX NACTOK B Ii€JI€KTPUKY, (PiKCOBAHUM 3apsi], B
IieNIeKTPUKy Ta IOBEPXHEBUI 3aXOIJIEHUH 3aps. [lepiii 1Ba IPUBOISATH 4O HECTAOIIBHOCTI XapaKTEPUCTUK
Ipusany, ajae MoOXyTb OYTH YCyHEHi [TOKpallleHHsIM TeXHOJIOTiYHOro npouecy. OCTaHHi 1Ba 00yMOBJI€H] HasBHICTIO
06ipBaHMX MDKaTOMHUX 3B'$13KiB B [i€JIEKTPUKY Ta Ha Oro MeXi 3 HalliBIPOBiJHUKOM, i 1715 KOHKPETHOI
HalliBIPOBIIHUKOBOI MiIKIa0KY 3aJI€KaTh TUILKY Bif MapaMeTpiB gienekTpuka. Came ToMy MiHiMizalis minbHOCTI
LIMX [BOX 3apsifiB oOpaHa Ipu po3poblLi KpuTepito Bubopy niesnexkrpuka njst MIIH-ctpykryp. Po3pobsieno
3arajibHUN KpuTepiil BUOOPY MiesIeKTPUKa, B OCHOBY SIKOTO ITOKJIaJleHa MiHiMasIbHA Pi3HULS MIiJIbHOCTI 06ipBaHMX
3B'I3KiB Ha MeXi /lieJIeKTPUK-BaKyyM Ta Ha MeXXi HaliBIPOBIHUK-BaKyyM. [lj11 BUBHAYEHHS KiJIbKOCTi 06ipBaHUX
3B'SI3KiB Ha MeKi KpUCTalI-BaKyyM, BUHHKJIA IOTpe6a 11o6ynoBy mozei iiei mexi. OcTaHHE BUSIBUIIOCH
HEMOJKJIMBMM B MeyKaX KJIaCUYHOTO (BY3JI0BOI'0) METOAY OIKCY KPUCTaIiyHOi pemiTku. Tomy 6ys10 po3pobsieHo
aJIbTEPHATVMBHUM METOJ] OIUCY KPUCTAJIIUHOI PELIiTKY — Mi>KBY3JI0BUH aCIEKT, IKUI (i3UYHO i MAaTEMAaTUYHO HE
CyNepedyuThb KIACUYHOMY aclleKTy. Buxonsuu 3 GeHOMEHOJIOorii MixKBY3/10BOTO aCIeKTy, B [IepHIOMY HAOGIMKEH,
IiTIbHICTh 06ipBaHMX 3B'SI3KiB HA MeXi KpUCTalI-BaKyyM OO€pPHEHO IIPOIOPLiiiHA /IO IPUMITUBHOI NeTJIi [1JI0CKOI
CiTKM Ha LIiil Mexi. B 3arajibHOMy BUIIa[IKy, BUBHAUUTH 110 IJIOILY CKJIAJHO (Yepe3 BEJIUKY KiJIbKiCTb MOXKIMBUX
OpieHTaliil NigKIaAKy), ab0 Maiike HE MOKJIMBO (Yepe3 aMOPQHICTh [ieIeKTPUYHOI I11iBKY). Tomy, AJ1s
y3arajabHEHHS 3alIPOIIOHOBAHOTO KPUTEPIiI0, BBEIEHO YHiBEpCAIbHUI TApaMeTp — CEPEeLHS OBXKMHA 3B'SI3KY, SIKUI
XapaKTepUu3ye yCepeqHEHY BiICTaHb MiXK CKJIAJOBUMM KPUCTAJIIYHOI PEYOBMHU. 3a IMX YMOB, IJIOLIA TETJIi [IJI0OCKOI
CITKM Ha IIOBEPXHi KPUCTaJly PO3Pax0OBY€ETHCS SIK KBAZpaT CEPENHbOI JOBXUHU 3B's13Ky. [lJ1s1 Mg TBEPIPKEHHS
IPUIHATHOCTI BUKOPUCTAHHS LIbOTO [apaMeTPy BCTAHOBJIEHO B3a€MO3B 130K MK HUM Ta POOGOTOIO BUXOLY
€JIEKTPOHA 3 KprcTaiy. Po3paxyHOK pi3HUI MiTbHOCTI 06ipBaHUX 3B'SI3KiB HA MeXXaX [ieJIeKTPUK-BaKyyM Ta
HalliBIIPOBIIHUK-BAaKyyM I10Ka3aB, IO 1J151 KPEMHI€BOI NiAKIIagKY, 3 PALY Ii€JIEKTPUKIB IPETEHIEHTIB, BiZl[TOBiHO
IO pOo3p06JIeHOTO KpUTepito, Han6iibLI nifxonsmumu € Dy203, CeO2 i La203. [l npoBeeHHS €KCIIEPUMEHTY
006paHo Iiokcup, nepio. AHaIi3 METOiB OTPUMAaHHS IJTIBOK JiOKCHAY Liepilo Ha KpeMHi€eBiil MiAKIaALi IoKasas, o
HEe3aJIeXXHO Bif METOLly BOHU MAlOTh CTPYKTYypPy HaHOKpucTais CeO2 B amopdHiil ¢pasi Ce203. [lns nigTBEpIKEHHS
e(eKTUBHOCTI BUKOPUCTaHHS Jiokcuay 1epito B MJH-cTpykTypax, 6yji0 BUTOTOBJIEHO CTPYKTYPH aJIOMiHil-
IiOKCHU[ LEepilo-KPEMHIN JBOMa METOLAMU — METOLOM OKCUIYBAaHHSI METAJIEBOTO 3€PKajia Ta METOOM CIIajaxy.
SIkicTp Mexi Aiokcup Lepilo-KpeMHiil OLjiHI0Basach 3a LIIbHICTIO 3apsay Ha ii Mexxi. B po6oTi 3anpornoHoBaHa
CIIPOILEHA METOJIMKA BU3BHAYEHHSI LIIJIbHOCTI 3aps/iB Ha MEXi JieJIeKTPUK-HaIiBIIPOBIIHYK 32
€KCIIEPMMEHTAIbHUMU BOJIbT-(PapalHUMU Xapakrepuctukamu MJIH-cTpykTyp. [lokaszaHo, 10 LiIbHICT
e(eKTUBHOrO 3apsiy Ha MeXi AioKcu], Liepilo-KpeMHiil He 6isiblle HiXK Ha MeXi AioKkcu] KpemHilo-KpeMHiil. Takum
YUHOM, 3aMiHa JioOKCHIy KPEMHIIO Ha [iOKCU[ Liepilo, JO3BOJIsIE 3a0e3I1eUnTH 3MEHIIeHHS TYHeJIbHUX CTPYMIB uepes

IiE€JIEKTPUK i HE MOTipuIye 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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