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I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 02170007015

Jep>kaBHUH peecTpaniliHUI HOMeP: 0117U002910

Oco06J1uBi TO3HAYKHU: Binkpura

HaTa peecrtpamnii: 21-12-2017

II. Etran BukoHnauus JiP
Homep eramy: 2

Ha3sBa eramny: BurorosiieHHst Ta 6a30Ba xapakTepu3aallist IJIa3MOHHUX CTPYKTYpP Ha ocHOBI InAs/InGaAs Ta
AlGaAs/GaAs KBaHTOBUX F€TEPOCTPYKTYP.

IToyaToK eTamy: 09.2017
3akiHyeHHs eTamy: 12.2017

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0coou (a00 ITIB ¢izuyHOi 0c00H): IncTUTyT disuku

HamniBNpoOBiaHUKIB iMeHi B.€.JlamkapboBa HAH Ykpainu

Kopg 3a €IPIIOY: 05416952

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: 445254020

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPUIUYHOI 0coou (a6o ITIB ¢izuyHO0i 0c00H): MinicTepcTBO OCBiTH i HayKK
Ykpainu

Kog, 3a €EJIPIIOY: 38621185

Micuesnaxo;pxeum:: npoct. [Tepemory, 10, m. Kuis, KuiBcbka 061., 01135, Vkpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoH: 380444813221

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hanpsm ¢inaHcyBaHHS: 2.5 - nporpamu i 1poekTH y cepi MiKHAPOIHOrO HayKOBO-TEXHIYHOTO

CHiBpOGITHULTBA
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dakTHyHH 00cAr QpiHaHCYBaHHS (THC. IPH.): 137




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocigKeHHs1 HAHOPO3MipHUX IIJIa3MOHHUX CTPYKTYP TUILY "MeTasliyHa rpaTka - HaliBIIPOBiJHUKOBA
reTepOoCTPYKTypa" sIK 6a30BUX €JIEMEHTIB HOBUX JIKE€PEJI TEPArepLi0BOro BUIIPOMiHIOBaHHSI CTBOPEHUX HA OCHOBI

MEeTOAVK ysbTpadiosnieToBoi inTepdepenuiiiHoi gitorpadii

Ha3zBa po6oTH aHTIJIilICbKOIO:

Development of the extreme ultraviolet interference lithography technologies for a fabrication of nanosized
plasmonic structures "metallic grating-semiconductor heterostructures” and investigations of the structures as
core elements of terahertz radiation sources.

Pedepat ykpaiHCbKOIO:

BukonaHa po60Ta NpUCBSYE€HA KOMIJIEKCHOMY JOCJIiIKEHHIO HaJIBUCOKOYACTOTHUX XapaKTEPUCTUK ri6pUIHUX
HAHOIUJIA3MOHHUX CTPYKTYP THUITy "METaJjliYHa IpaTKa - HaliBIPOBiIHUKOBA F€TEPOCTPYKTYpA" [JIs1 3ACTOCYBaHHS iX,
sIK 6a30BUX €JIEMEHTIB reHepaTopiB Ta AETEKTOPIiB TeparepLoBOro BUIIPOMIHIOBAHHS 3 €JIEKTPUYHOI HAKayKoIo Ta
€JIEKTPUYHMM KOHTPOJIEM POOOYMX YaCTOT. B paMKax 3BiTHOTO mepiofy, OOCTiIKeHHS 0y CPOKYCOBaHi Ha
PO3POOKY KiHETUYHOI TeOPii 1J1a3MOHHUX KOJIMBAaHb B CUJIBHOMY €JIEKTPUYHOMY T10JIi Ta MOIIYKY IIapaMeTpiB Npu
SIKUX BUHUKAa€e e(eKT IJIa3MOHHOI HECTIKOCTi, HeOOXimHUH [J1s1 TeHepallii TeparepioBoro BUMPOMiHIOBAaHHSI.
INTokaszaHo, o e(deKT JIa3MOHHOI HECTIMKOCTiI BUHUKA€E B FETEPOCTPYKTYpax Ha OCHOBI GaAs Ta InAs 3
KOHILIeHTpalie Hocii 1-4x1011 cmM-2 npu NpYKIIaJaHHi CTalliOHAPHUX IOJIB NOPSIKY 1 KB /cM. XapaKTepHi XBUJIbOBI
BEKTOPU IIJIa3MOHIB BinmoBinawTs nepiomam rpatok 100-300 HM. Takok, mpoaHaii3oBaHO HeEJMiHINHWN epeKT
netexkTtyBaHHs Tl BUIPOMIHIOBaHHS IpeiidyiounM ABOBUMIPHUM €JIEKTPOHHUM ra3oM. Po3pobiieHa Teopis
IeTeKTyBaHHs 0yJia 3aCTOCOBaHa 1o aHaiidy TT1 BIaCTUBOCTEN MJIa3MOHHUX CTPYKTYP HAa OCHOBI KBAHTOBUX
AlGaAs/GaAs retepoctpykTyp. [IpoaHanizoBaHO BIJIUB ONTUYHO TOBCTOI [i€JIeKTPUYHOI MigKJIaaKy Ta epexTy
PO3irpiBy HOCIiB IIpy BUCOKUX IpeN(OBUX LIBUAKOCTSIX HA CIIEKTPaJIbHi XapaKTePUCTUKU KoedillieHTiB
IIPOIIyCKaHHS /TIOTJIMHAHHS Ta GOPMY CIIEKTPiB Hanpyru GOoToBiAryKy. Byso oTprumaHo, 110 B iHTEpBai
IIPUKJIaJeHuX eyeKTpudHux nosis 200..400 B /cm Hanpyra GOTOBIIIYKY MOXKe LOCSATaTh 3Ha4€Hb NECSITKIB MB 1yis
30BHILIHIX CUTHAJIB 3 I'YCTUHOIO NOTYXHOCTI 1 BT/cM B mianazoni yactor 0.3..1 TI'u. BukoHaHuU# akeT TEOPETUIHUX
POOIT 103BOJIMB OKPECIUTY NIapaMeTpy riOpuIHNX NIJIa3MOHHUX CTPYKTYP Ta BUPOOUTHU TEXHOJIOTIYHI 3aBIaHHs
IIOZO iX BUTOTOBJIEHHS [1J11 MaliOyTHBOTO 3aCTOCYBAHHS B IKOCTi TeHEPATOPIB Ta JeTeKTopiB TI'L BUTPOMiHIOBaHHS.
3rizHO pekoMeHaliil TEOPETUYHOI TPYIU, METOaMU MOJIEKYJISIPHO-TIPOMEHEBOI emiTakcii 6ysii BUTOTOBJIEH]
6a30Bi AlGaAs/GaAs KBaHTOBi reTepoCTpyKTpU. [lepBuHa xapakTepu3sallisi LUx CTPYKTYp [ToKasasa iCHyBaHHS

I BOBMMIPHOTO IPOBiHOrO KaHaJIa 3 KOHLIEHTPallielo eJIeKTPOHiB Ha piBHi 4x1011 cm-2 ta pyxsnusicTio 5000 cM2/Be
IIpY KiMHaTHi# TemnepaTtypi. 3pa3ku 6a3oBux AlGaAs /GaAs KBaHTOBUX reTepOCTPYKTYP NepeaaHi As
IOCJIiIKeHHS CUJIbHOIIOJIbOBUX XapaKTePUCTUK YKPaiHChKil rpymi. Pa3om 3 HiMel[pKOoIo rpymoio 6yB po3pobyieHuit
TEXHOJIOTIYHUI LMK POOIT 117151 HAHECEHHS HaHOIJIa3MOHHOTO €JIEMEHTA Y BUIJISII METaliYHUX IPATOK BEJIMKO]

o 3 cyoMiKpOHHUM IEPIOIOM.

Pedepar aHIJIiHCBKOIO:

The work is devoted to the complex study of ultrahigh-frequency characteristics of hybrid nano-plasmonic
structures such as "metal grating-semiconductor heterostructure" for their use as the core elements of generators
and detectors of terahertz radiation with electric pumping and electrical control of operating frequencies. In the
reporting period, the studies focused on the development of a kinetic theory of plasmon oscillations in a strong
electric field and the search for parameters in which the effect of the plasmon instability occurs that is necessary
for the generation of terahertz radiation. It is shown that the effect of plasmon instability arises in
heterostructures based on GaAs and InAs with carrier concentrations of 1-4x1011 cm-2 when stationary fields of
order 1kV / cm are applied. The characteristic wave vectors of plasmons correspond to grating periods of 100-300



nm. Also, the nonlinear effect of detection of THz radiation by drifting two-dimensional electron gas is analyzed.
The developed theory of detection was applied to the analysis of THz properties of plasmonic structures based on
quantum AlGaAs / GaAs heterostructures. The influence of an optically -thick dielectric substrate and the effect of
carriers heating at high drift velocities on the spectral characteristics of the transmittance / absorption
coefficients and the shape of the photoresponse voltage spectrum is analyzed. It was found that in the range of
applied electric fields 200 .. 400 V / cm the photoresponse voltage can reach values of tens of mV for external
signals with a power density of 1 W / cm2 in the frequency range of 0.3..1 THz. The completed set of theoretical
works allowed to outline the parameters of hybrid plasmonic structures and develop technological tasks for their
production for future use as generators and detectors of THz radiation. According to the recommendations of the
theoretical group, the basic AlGaAs / GaAs quantum heterostructures were fabricated by molecular-beam epitaxy
methods. The initial characterization of these structures showed the existence of a two-dimensional conducting
channel with an electron concentration of 4x1011 cm-2 and a mobility of 5000 cm2 / Vs at room temperature.
Samples of basic AlGaAs / GaAs quantum heterostructures are transferred to the Ukrainian for study the high-
field characteristics. Together with the German group, a technological cycle of work was developed for the
deposition of a nanoplasmonic element in the form of a large-area metallic grating with a submicron periods.

Ingexc YIK: 537.311.322, 538.935

Koau TemaTHYHHUX PyOpHK: 29.19.31
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazga HTII yKpaiHCBKOIO: [loC/i/pKeHHS HAHOPO3MIPHUX [UIA3MOHHUX CTPYKTYD TUITy "MeTasliqHa rpaTka -
HaIBIPOBITHMKOBA F€TEPOCTPYKTYPA" IK 6a30BUX €JIEMEHTIB HOBUX [I)KEPEJI TEPATEPI[OBOTO BUMTPOMIHIOBAHHSI

CTBOPEHUX Ha OCHOBi MeTOIUK yJpTpadioneToBoi inTepdepeHwiiHoi giTorpadii

Hassa HTII aHr/1ificbKOI0: Development of the extreme ultraviolet interference lithography technologies for
a fabrication of nanosized plasmonic structures "metallic grating-semiconductor heterostructures" and
investigations of the structures as core elements of terahertz radiation sources.

HTII, aKy nepenba4asiocss CTBOPHTH:

IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:
OTpumaHi pe3yJbTaTH:

l'asmy3b 3acTOCYBaHHS: HaykoBi HOCTIiIKEHHS Ta PO3POOKU
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omuc HTII: Bukonana po6ora npucBsgY€eHa TEOPETUIHUM Ta EKCIIEPUMEHTAIbHUM JIOCIIiIKEHHIM
HaJBMCOKOYACTOTHUX XapaKTEPUCTHUK riOpUIHMUX HaIliBIIPOBIAHUKOBUX HAHOIJIA3MOHHUX CTPYKTYP IJIs1
3aCTOCYBaHHY iX, K 6a30BUX €JIEMEHTIB reHepaTopiB Ta AETEKTOPIB TepareploBOro BUIIPOMiHIOBaHHS. [loKasaHo,
0 e(EeKT IJIa3MOHHOI HECTIMKOCTI BUHUKA€E B FETEPOCTPYKTyPax Ha OCHOBI GaAs Ta InAs 3 KOHLIEHTpalli€lo HOCIiB
1-4x1011 cm-2 npu npUKJIaaHHI CTal[ilOHAPHYUX I0JIiB OPAIKY 1 KB /cM. XapakTepHi XBUJIbOBi BEKTOPY I1J1a3MOHIB
BiAnoBifgaTh nepiogam rpatok 100-300 HM. Po3pobiieHa Teopis getexktyBanHs TI'L BUIPOMIHIOBaHHS JJ1s1
IIJIa3MOHHUX CTPYKTYP Ha oCcHOBi AlGaAs /GaAs. [TokazaHo, mo (OTOBIAIYK MOXKe JOCSAraTh 3Hau4€Hb JeCSTKIiB

MB /BT 1715 30BHilHIX currais B gianasodi yactot 0.3..1 TT'u. Pa3oM 3 HiMELIbKOIO IrPyIo 6yB pO3pO6JIeHU
TEXHOJIOTIYHUI LUK pOOIT HAaHECEeHHs! HAaHOIJIA3MOHHOTI'0 €JIEMEHTa y BUIJISIi MeTaJIiUHMX IPAaTOK BEJIMKOI IJIOI] 3

CyOMiKPOHHMM IIEPIOOM.

ConiastbHO-eKOHOMIYHA cpsimoBaHicTs HTTI:

Bnyiue HTII Ha mOBKiJIS:

BnposagskeHHst HTII: He snpoBamxeHo

ITpakTHyHa peasnisanis HTII
IToyaTok €TalIly. BM3HAaYa€EThCsI 3aMOBHUKOM
3aKiHYeHHS eTaly:

Crnio>KHuBavi NPOAYKILii: HaykoBLi, cTyneHTH

IlepcneKTHUBHI PUHKH: Vkpaina, €C

XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiGHMI 0GCAT IHBECTHILIH, THC. TPH.:
IIpagBa, 0 HaAAKOTHCS iIHBECTOPY MicJIsl 3aBepIIEHHST POGOTH:
HasaBHicTb Oi3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaILHU 0OCAT IIPOAASKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoaaTkoBa iHdpopmanist:



IX. Bi6sriorpadiuHuii onuc

B MixHaponHux XypHasiax BUMIIIM HAcTyNHi my6sikauii: G. I. Syngayivska et al Drift and diffusion high-field
magneto-transport in GaN, J. Phys.: Conf. Ser. 906 012018 (2017). Yu.M. Lyaschuk, V.V. Korotyeyev Theory of
detection of Terahertz radiation in hybrid plasmonic structures with drifting electron gas, Ukrainian Journal of

Physics 62(10), 889-902 (2017).
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