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1. Tpancnopt Ta 3axomneHHs 3apsany B MJH cTpykTypax Ta 0JIbOBUX TPAaH3UCTOPaX 3 HAHOPO3MipHUMU

IieJIEKTPUKAaMU 3 BUCOKOIO [i€JIEKTPUYHOIO IIPOHUKHICTIO

2. Transport and trapping of charge in MOS structures and MOSFETs with nanoscale high-k dielectrics.

Pedepar:
1. MeTo10 po60TH 6yJI0 BUSHAYEHHSI MEXAHI3MIB CTPYMOIIEPEHOCY, BUSIBJIEHHSI OCOOJIMBOCTEN 3aXOIJIEHHS 3apsify B
Mig3aTBOPHOMY Ji€JIEKTPUYHOMY 1api cTpyKTyp M/IH i HaniBIpOBiZHUKOBUX NMPUIAZIAX, & TAKOK BUBYEHHS BILJIMBY
TEXHOJIOTIYHUX Ollepalliil, TaKUX sIK Bianas 3paskiB MIIH cTpykTyp y popmiHr rasi abo BY nazamosuii Bignan
Oe3nepexifHMUX M0JIbOBUX TPAH3UCTOPIB. O6'€KTOM AOCiIKEHHS OYJI0 sIBUlIE MEPEHOCY i 3aXOIIEHHS HOCIIB
3apsy B IApi AiesIeKTPUKa Ta HA MEXi MO «Ii€JIEKTPUK — HAMIBIPOBiAHUK». ['OJIOBHUM YMHOM [OCIIiIKyBaIUCh
e(eKTy B HalliBIPOBiTHUKOBUX CTPYKTYpax i IpUIaax 3 JieJIeKTPUKOM 3 BUCOKOIO JieJIeKTPUYHOI0 TPOHUKHICTIO
(high-k miesexTpuMKOM) B SIKOCTi Mi3aTBOPHOTO [i€JIEKTPUYHOTO APy, O € aKTyaJIbHOIO 337a4€el0 1151

BIIPOBAJPKEHHSI HOBITHIX MaTepiasiB B Cy4aCcHY MiKpO- i HAHO€JIEKTPOHIKy. B po60Ti BUKOPUCTAHO TaKi

esieKTpoi3nyHi MeToIy NOCiIPKEeHb: BOJIbT-aMIIEPHUX XapakTepucTuk (BAX), BosbT-(papagHux XxapakTepruCTUK



(BDX) Ta MeTO[ IPOBiAHOCTI Bifl 4aCTOTU. B pamKax BUKOHAaHHS PO60TH 6yJI0 IOOYL0OBAHO CIeLiali30BaHUN
BHMipIOBaJIbHUI KOMILJIEKC Mif, yrpasiiHHsaM [1K ta cTBopeHo nporpamHe 3abesnedeHHs B cepenosulli NI Labview
L7151 aBTOMaTU3allii esekTpodiznyHUX BUMiploBaHb. HaykoBa HOBM3HA OJ€P>KaHUX PE3yJIbTATIB [10JISITa€ B
HACTyNHOMY: OyJia BU3HaYeHa gedeKTHicTh high-k nienekTpukiB Ha OCHOBI OKCHIIB PifIKiCHO3EMEJIbHUX METAJIB i
[IOKa3aHo, 10 TPaHCIOPT HociiB B M/ITH cTpykrypax 3 okcupamu Gd203 Ta Nd203 Binnosifae cTpubKoBiit
IIPOBiHOCTI yepes rAuboKi piBHI, BU3HAUEHO iX eHepreTUYHe [10JI0’KeHHS B 3a00POHEHIH 30Hi Jiies1eKTpuKiB; 6yJ10
noKasaHo, mo 111 cucrem 3 Gd203, Nd203, LaLuO3 Ta LaSiOx Ha KpeMHii criocTepiraetbcst popMyBaHHS
nepexigHoi o6sacti SiOx Ha rpaHuLi «KpeMHil — high-k HmienekTpuk»; Brepiie JOCIiI)KeHO MexaHi3Mu
CTPYMOIIEPEHOCY B CTPYKTypax 3 mapamu LaL.uO3 Ta LaSiOx i nokas3aHo, 10 CTPYM NPSIMOTO 3MillleHHS KPi3b TaKi
IieJIeKTpUYHi apy KOHTPOJIIOEThCSI MeXaHidMoM [lyna-PpeHkeiss; oKazaHo, 110 17151 3pasKiB
Pd/Al203/1n0,53Ga0,47As 3 TOBIIMHOIO JieJIeKTPUYHOTO 1apy 6iblle 5 HM CTPYM BU3HAYA€ThCSI MEXaHI3MOM
daynepa-Hoppxaiima, 0 CBiAYUTb PO Kpallly SIKiCTb AieIeKTPUYHOrO Mapy NOPIBHIHO i3 iHIMKUMU
nochimxysaHumu high-k niesexkTpukamuy; Brieplie 11oKa3aHo, 1[0 eHePreTUYHUN PO3IO/i I'YCTUHU [1I0BEPXHEBUX
cTaHiB B cucteMi SrTa206/In0,53Ga0,47As e xapakrepHuM i Ay MJJH ctpykryp 3 Al203, 1m0 103B0oJIsie 3pooUTH
BHCHOBOK, 110 ITpupoa gedektiB Ha Mmexi noainy «high-k mienexkrpuk - In0,53Ga0,47As» NOB's13aHa 3 BJIACHUMU
nedeKTamy OBepxHi HaIliBIIPOBIIHMKA i He 3aJIe>KUTh Bifl MaTepiajy ocaiKeHOoi IU1iBKY; OTPUMAaHO Poboyi
XapaKTePUCTUKHU M0JIbOBUX TPaH3UCTOPiB 3 high-k LaLuO3 i AI203 nieseKTpuKOM, 110 CBiAYUTD NPO iX NPUIATHICTD
IO BUKOPUCTaHHS B SIKOCTI iZI3aTBOPHOTO JiesIeKTpuKa; AJ1s1 nonboBux KHI tpansuctopis 3 high-x LaLuO3
IieseKTpUKOM OYyJIM pO3paxoBaHi 3HAYEHHSI PYyXJIMBOCTI HOCIiB B BEPXHbOMY i HUIJKHbOMY KaHaJli TPaH3MCTOPa, a
TaKOXX OTPMMAHO 3Ha4€HHS I'yCTUHU I0BEPXHEBUX CTaHiB Ha BepxHill (LaLuO3 /Si) i HuxHil (SiO2 /Si) rpanuLy, mo
IIeMOHCTpYe 0isibllly I'yCTUHY [IOBEPXHEBUX CTaHiB HAa MeXi noziny «high-k miesexTpuk — KpemHiil» B IOPiBHSIHHI 3
intepdericom SiO2 /Si. [IpakT4HE 3HAYEHHS OJIEP>KAHUX PE3YJIbTaTiB BUPAKAETHCS B HACTYIIHOMY: IIOKA3aHO, 10
071 MIH cTpyKTyp 3 BUCOKMM HAaCKPi3HUM CTPYMOM BUTOKY [IOL{JIBHO BUKOPHUCTOBYBAaTU KOoperosany BOX, a Takox
3aIIPOIIOHOBAHO METOAMKY KopeKii KpuBux Gp /0 Bifj 4aCTOTU O IIPU BU3HAYEHHI I'YCTUHY [TOBEPXHEBUX CTaHIB;
3HaiileHo onTuMasnbHy ToBmUHY (10 HM) mapy Al203, HaneceHoro Ha migkiaaky In0,53Ga0,47As metogom AIIIO;
II0Ka3aHo, 10 HU3bKOTeMIIepaTypHa BY niazmoBa 06pobka € epeKTUBHUM METOLOM MOKpalleHHs skocti MIH
MOJILOBUX TPAH3UCTOPiB Ha 0CHOBI In0,53Ga0,47As 3 AI203 B SKOCTIi Mif3aTBOPHOTO [AieIeKTPUKA, 10 MPU3BOIUTD
IO 3BMEHIIEHHS 3apsiy B Ji€J€KTPUKY, 3MEHILIEHHSI 'YCTUHU CTaHiB Ha MEXi MOy «Ii€JeKTPUK —

HaMiBNPOBIIHUK» i 3MEHIIEHHS TIOCJIiJOBHOTO ONIOPY KOHTAKTY /10 lIapy HamiBnposigHuKa In0,53Ga0,47As.

2. The purpose of the work was to determine the charge carrier transfer mechanisms, to identify the features of
charge capture in the gate dielectric of MOS structures and semiconductor devices, as well as to study the
influence of technological operations, such as forming gas annealing of MOS structure samples or RF plasma
annealing of junctionless MOSFETSs. The object of the study was the phenomenon of charge carrier transfer and
capture in the dielectric layer and at the “dielectric — semiconductor” interface. The effects in semiconductor
structures and devices with a high-k dielectric as a gate dielectric layer were mainly studied, which is an urgent
task for the introduction of novel materials into modern micro- and nanoelectronics. The following electrical test
methods were used in the work: current-voltage characteristics (I-V), capacitance-voltage characteristics (C-V)
and conductance vs. frequency method. As part of the work, a specialized measuring complex controlled by a PC
was built and software was developed in the NI Labview environment for automated electrical measurements. The
scientific novelty of the results obtained is as follows: the defectiveness of high-k dielectrics based on rare-earth
metal oxides was determined and it was shown that the transport of carriers in MOS structures with Gd203 and
Nd203 oxides corresponds to hopping conductivity through deep levels, their energy position in the dielectric
band gap was determined; it was shown that for systems with Gd203, Nd203, LaLuO3 and LaSiOx on silicon, the
formation of the SiOx transition layer at the “silicon - high-k dielectric” interface was observed; for the first time,
the current transfer mechanisms in structures with LaLuO3 and LaSiOx layers were investigated and it was shown
that the forward bias current through such dielectric layers is controlled by the Poole-Frenkel mechanism; It is
shown that for Pd/Al203 /In0.53Ga0.47As samples with a dielectric layer thickness of more than 5 nm, the current
is determined by the Fowler-Nordheim mechanism, which indicates a better quality of the dielectric layer



compared to other studied high-k dielectrics; it is shown for the first time that the energy distribution of the
density of states in the SrTa206/In0.53Ga0.47As system is also typical for the MOS structures with Al203, which
allows us to conclude that the nature of defects at the interface "high-k dielectric - In0.53Ga0.47As" is associated
with intrinsic defects of the semiconductor surface and does not depend on the material of the deposited film; the
operating characteristics of MOSFETs with high-k LaLuO3 and Al203 dielectrics were obtained, which indicates
their suitability for use as a gate dielectric; for field-effect transistors with high-k LaLuO3 dielectric, the carrier
mobility values in the front and bottom channels of the transistor were evaluated, and the surface states density at
the front (LaLuO3 /Si) and bottom (SiO2 /Si) interface were obtained, which demonstrates a higher density of
surface states at the “high-k dielectric - silicon” interface compared to the SiO2 /Si interface. The practical
significance of the results obtained is expressed in the following: it is shown that for MOS structures with high
leakage current it is advisable to use corrected C-V characteristics and also a method of correcting the Gp /o vs. the
frequency o curves is proposed when determining the density of surface states; the optimal thickness (10 nm) of the
AI203 layer deposited on the In0.53Ga0.47As substrate by the ALD method is found; it is shown that low-
temperature RF plasma treatment is an effective method for improving the quality of MOSFETSs based on
In0.53Ga0.47As with AI203 as a gate dielectric, which leads to a decrease in the charge in the dielectric, a decrease
in the density of states at the dielectric-semiconductor interface, and a decrease of the series resistance of the
contact to the In0.53Ga0.47As semiconductor layer

Jdep>kaBHHHM peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEeXHIKH: QyHmaMeHTaIbHi HAYKOBI OCTI/PKEHHS 3 HAMGLbII
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