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1. OnTO€NEeKTPOHHI BJACTUBOCTI HU3bKOBUMIPHUX CTPYKTYP Ha OCHOBI By3bKOIIJIMHHUX HAMiBIPOBiTHUKIB B 1Y i

TT'1 gianasoHax CHEKTPY

2. Optoelectronic properties of low-dimensional structures based on narrow-gap semiconductors in the IR and
THz spectral ranges

Pedepar:
1. lucepTariis nmpucBs4YeHa BUPilIeHHIO IPO6aeMu po3poOKY Gi3MYHUX IMTPUHIIUIIIB i TEOPETUIHUX OCHOB IS

CTBOPEHHS Ta ONTUMI3alii xapakrepucTuk inppavyepBoHoro (I4) Ta reparepuosoro (TI'n) / cy6-TI'y netexTopis,

30KPEMA, BCTAHOBJIEHHIO OCOOJIMBOCTEN MEXaHi3MiB (POPMyBaHHS CTPYMY B HU3bKOPO3MiPHUX r€TEPOCTPYKTYpax Ta

HaHOCTPYKTypax Ha OCHOBi By3bKO30HHMX HalliBIPOBiIHUKIB Iifl, BIVIMBOM 30BHIIIHBOTO BUIIPOMiHIOBAHHSI.
Po3pobseHa mozesnb nepeHocy TeMHOro cTpymy ais [Y-gorozionis Ha ocHoBi p-n nepexopiB y HgCdTe ta
rerepornepexonis PbTeS /PbSnTe. Mozesnb 6a3yeTbCsl Ha PiBHSIHHSIX 0aJIaHCY 3 YPaxyBaHHSM IIPOCTOPOBO
HEOJHOPIIHOI0 3alI0BHEHHS 1ACTOK, YCiX OCHOBHUX MEXaHi3MiB 3apsAI0BOro TPAHCIIOPTY Ta PEAiCTUYHOI 30HHOI

cTpykTypu. Peanbhi napamerpu [4Y-doTtomiozis ekcTparoBati 3 ix eKCriepuMeHTaIbHUX BOJIbT-aMIIEPHUX



XapaKTEPUCTUK Ta BU3HAYEHi OCHOBHI (PaKTOPH, 110 OOMEXYIOTh €KCIIyaTallifiHi XapaKTepUCTUKU
6aratoenemeHTHUX [Y-FPA. JlocimKyeTbCsl BIUIUB IIEBHUX OCOOGJIMBOCTEN TEXHOJIOTII Ta pyiiHiBHUX (aKkTOpiB Ha
TaKi CUCTEMU. 3 METOIO BUBYEHHS MOKJIMBOCTI CTBOPEHHS BUCOKOUYYTJIMBOTO BUCOKOUIBUIKICHOTO IIOMiPHOTO
oxoJsiompkyBaHoro TT'y neTekropa obynoBaHa MOJIeIb TPAHCIIOPTHUX BJIACTMBOCTEM Ta IIYMY Y KBAHTOBIH sIMi
HgCdTe naniBmeTaneBoi a3y, BCTAHOBJIEHO ONTUMAJIbHI IapaMeTPU J1s1 JOCSITHEHHS BUCOKOI PyXJIMBOCTI
€JIEKTPOHIB Ta po3pO6KU peKoMeHallil o0 onTuMisariii ii yetnuBocTi. [IpoananizoBaHo BIIJIUB TapaMeTpPiB
HiIKIaKU CKIHYEHHOTO PO3Mipy Ha XapaKTepUCTUKY NoranHaHHs TT 1eTeKTOPHO-aHTEeHHUX CUCTEM, BKJII0Yaloun
6araroesieMeHTHi geTekTopu. [Ioka3aHo, 10 TOBLIMHA MiAKIAIKU € KJII0YOBUM IT1apaMeTPOM, 10 BU3HAYA€E
MOBEMiHKY BCiei cucteMu. MogenoBaHH4 [10Ka3aso, o NeTEKTOPHUIM MaCUB 30aTHUM NpaloBatu Kk FPA 3
PiBHOMIPHOIO UyT/IMBICTIO €JIeMEHTIB Ha TOHKMX Hiaknaakax (h <60 Mxm g1 nigknagky Si) Ta/abo py HU3bKUX
3HAYEHHSIX JlieJIeKTPUYHOI IPOHUKHOCTI MiAKIaAKU (0 <5) . PO3p06JI€HO i HOCTiIKEHO II'SITh Pi3HUX HOBUX
HU3bKOBUMMIDHUX IJIa3MOHHUX JI€TE€KTOPIB: TpU JiHiiiHUxX FPA Ha ocHOBI ABOKOsipHuUX (I4 / TI'u) 6010MeTpiB Ha
rapsiuMx eJIeKTpoHax (Ha eniTakciiiHux mapax HgCdTe) 3 pi3HOI0 KOHirypallieto aHTeH, [10JIbOBUI TPaH3UCTOP
(FET) na 6a3si kBanToBoi simu HgCdTe ta FET 3 noaBiiHMM 3aTBOPOM Ha JBOLIAPOBOMY I'padeHi, iHKalCyJIbOBaHOMY
B rekcaroHasnbHy Hitpar 60py (hBN). Jocaimkenns peakuiii THz / sub-THz nyx cTpyKTyp nokasasny, mo ix
YyTJIUBICTb Ta €KBiBaJIEHTHA MOTY>XHiCTb wyMy (NEP) minxomsTe 1171 aKTUBHOTO AeTEeKTyBaHHS IIPYU a30THIi Ta
KiMHaTHI! TeMIIepaTypi.

2. The thesis is devoted to solving the problem of developing physical principles and theoretical foundations for
creating and optimizing the characteristics of the infrared (IR) and terahertz (THz)/sub-THz detectors, in
particular, to the establishment of the features of the mechanisms of current formation in low-dimensional
heterostructures and nanostructures based on narrow-gap semiconductors under the influence of external
radiation. A model of dark current transport is developed for IR photodiodes based on p-n junctions in HgCdTe
and PbTeS/PbSnTe heterojunctions. The model is based on balance equations taking into account spatially
inhomogeneous trap filling, all basic charge transfer mechanisms and realistic band structure. The real parameters
of IR photodiodes are extracted from their experimental current-voltage characteristics and the main factors
limiting the operational characteristics of multi-element IR FPA are determined. The effects of certain technology
features and damaging factors on such systems are investigated. The transport properties and noise in the HgCdTe
semimetallic phase quantum well are modeled in order to study the possibility of creating a highly sensitive high-
speed moderately cooled THz detector, to establish optimal parameters for achieving high electron mobility, and
to develop recommendations for such optimization. The influence of finite size substrate parameters on the
absorption characteristics of the THz detector-antenna systems, including multi-element detectors, is analyzed. It
is shown that the substrate thickness is the key parameter that determines the behaviour of the entire system. The
simulation showed that the detector array is able to work as an FPA with a uniform sensitivity of the elements for
thin substrates (h <60 pm for the Si substrate) and /or at low values of the substrate dielectric constant (o <5). Five
different new low-dimensional plasmon detectors were designed, manufactured and studied: three linear FPA
based on two-colour (IR/THz) hot-electron bolometers (realized on the epitaxial layers of HgCdTe) with different
antenna configurations, HgCdTe quantum well field effect transistor (FET), and- double-gate FET on bilayer
graphene encapsulated in hexagonal boron nitrate (hBN). Studies of the THz/sub-THz responses of these
structures showed that their sensitivity and noise equivalent power (NEP) are suitable for active detection at

nitrogen and room temperature.
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