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Pedepar:

1. TIpo61eMoI0 CTBOPEHHS MaJIOTabapUTHUX TBEPIOTIINX aKTUBHUX €JIEMEHTIB TepareploBoro Aiara3oHHy €
dyHIaMeHTaNbHi 0OMeXeHHS, 00YMOBJIEHHI IPUPOJIOI0 IIEPEHOCY 3apsly B HUX, CYKYIIHICTb SIKUX OTPUMAJIO Ha3BY
“TeparelioBe NIpOBaJLIA” Yepe3 Hee(EeKTUBHICTb pOOOTH IPUIAAIB B LIbOMY fiana3oHi. OGHUM 3 MOXKJIUBUX
HaIpsMKiB [IDOCYBaHHA B TEPArepLoBUil [Iialla30H € BUKOPUCTAHHS TPAAULINHNX TBEPLOTINX IIPUJIaZiB Ha 3pa30K
nionis 'aHHa ab0 JIaBMHO-TIPOJIITHUX [iO/iB LIJIIXOM PO3POOKM HOBUX IIiIXOJIiB 10 KOHCTPYIOBAHHS IIpUJIAZiB Ta
HOBUX KOHIEIIi}, 110 TIPU3BOJSATH 0 MOKPAllleHHsI iX YaCTOTHUX BJIACTUBOCTEN i CTBOPEHHSI Ha iX OCHOBI HOBHUX
aKTUBHMX €JIEMEHTIB TeparepLoBoro AianazoHy. OCHOBHMMM 3aBAAHHSIMU JUCEPTallii €: pO3p0o6Ka MaTeMATUYHNX
MoOJeJsiell Ta MeTO/iB YMCI0BOIO MOZEI0BaHHS (Pi3MYHUX MPOLIECIB [T0B'SI3aHUX 3 TIEPEHOCOM €JIEKTPUYHOTO 3apsiay
B HalliBIIPOBIIHUKOBHUX JIiOOHUX [JIAHAPHUX CTPYKTYPAX, 110 MAIOTh CKJIAHY FEOMETPII0 Ta MICTATh Pi3HOPiIHI 3a
€JIEKTPUYHVMU BJIACTUBOCTSMU O0JIACTI, 3 BAKOPUCTAHHSIM 0araTOCiTKOBUX aJIFTOPUTMIB PO3B'SI3aHHS PiBHSIHHS
I[TyaccoHa nj1st BUBHA4E€HHS! PO3IO/iy OTEHIialy i €JIEKTPUYHOTO M0JIs Ta 6araTo4acTUHKOBOrO MeToy MoHTe-

Kapsio ns1st BpaxyBaHHSI BUCOKOYACTOTHUX IIPOLECiB €JIEKTPOHHOIO TPAHCIIOPTY Ta PO3CisIHHS HOCIB 3apsify;



PO3po6Ka MPOTPaMHOro KOMILIEKCY 17151 2D-MozestoBaHHS HaJIBUCOKOYACTOTHUX HAMiBIPOBITHUKOBUX IIPUJIAZIB,
110 BPaXOBYE iX CTPYKTYpY Ta OCOOJIMBOCTi IEPEHECEHHS 3apsly; IPOBELEHHS MOJIE/II0BaHHS HECTALliOHAPHUX
IIPOLIECIB B [1JIAHAPHUX TOMOT€HHUX Ta FeTEPOT€HHUX CTPYKTYpPaXx, 10 MiCTSITh 6iuHi aKTUBHi €J1eMeHTHU Pi3HOTO
THUITy, 30KPEMA i3 CYyTTEBUMMU Bi]MIHHOCTSIMMU iX BJIaCTUBOCTEN Bif BIACTUBOCTEH KaHaJly, Ha 3pa30K [O€JHAHHS
KBa3iKJIACUYHUX Ta KBAHTOBUX 00JIaCTeil; OTPUMAaHHS IPOCTOPOBUX PO3MOIi/iB HAIPYKEHOCTI €JIEKTPUYHUX i
KBasieJIeKTPUYHUX I10J1iB, IpeiidoBoi MBUIKOCTI Ta €HePrii HOCIIB 3apsiy 3 ypaXyBaHHIM CKJIAIHOI CTPYKTYpU 30HU
IIPOBiIHOCTi; OTPUMAaHHS 3aJIEXKHOCTI CTPyMY, 110 IIPOTiKae 4Yepe3 BKa3aHi CTPYKTYPH, IJ1s1 BUNIQAKY IOCTIMHUX Ta
3MiHHUX Y Yaci Harpyr; BCTAaHOBJIEHHSI 0COOIMBOCTEN (POPMYBAHHS HECTIMKOCTEN CTPYMY, SIKi BUHUKAIOTh B
IiOAHUX CTPYKTYpPax, IO AOCHIIKYIOTbCSI; OTPUMAHHS €HEPreTUYHUX XapaKTEPUCTUK Ai0/IiB Ha 3MiHHOMY CTPyMi;
BU3HA4YEHHS YaCTOTHUX BJIACTUBOCTEN JiOJHUX CTPYKTYP 3 aKTUBHUMU 6iYHMMU IPAHULISIMU 3 TOUKU 30Dy
OTPUMaHHS reHepalii HUMU eJIEKTPOMAarHiTHUX KOJIMBaHb Ta MOXJIMBOCTEH iX BUKOPHCTAHHS HAa 4aCTOTax
TeparepLoBOro Niarna3oHy; BU3HAYEHHS ONTMMaJIbHUX NTapaMETPIB IIPUJIaLiB Ta BiANOBIIHUX KOHCTPYKTUBHUX
€JIEMEHTIB 3 TOYKM 30Py OTPMMAaHHS MaKCUMaJIbHUX 4acTOT. HayKoBa HOBU3HA pe3yJbTaTiB POOOTH MOJISATAE B
HACTyIHOMY: Briepie nokasaHa MOKJIMBICTb OTPMMaHHSI LIMPOKOIIOJIOCHOI reHepalii CTpyKTypamMu 3 aKTUBHUMU
6iyHMMU rpaHuls Ha ocHOBI GaAs Biz 100 mo 300 I'Tw 3 BUKOpUCTaHHS TPaJULIiiHUX MaTepiasiB 3 MAaKCHMAaIbHOIO
ePeKTUBHICTIO 10 3%, 32 yMOBU OOMEXXEHHS HallpyTr'y KUBJIEHHS BeJIMYMHAMU MeHmuMu 2,5 B. Briepuie nnokasaHo,
1110 BUKOPUCTAHHS reTepoCcTpyKTypu GaAs - InzGal-zAs B gioni 3 GaAs KaHaJIOM [03BOJISIE TIiABUIIUTH
e(eKTUBHICTb reHepallii 6iyIbIl HiX B 4 pa3u 3 BAKOPUCTAaHHSIM FOMOT€HHOT0 MaTepiany. Bnepiue
IIPOJEMOHCTPOBAHO MOKJIMBICTb OTPMMAHHS IIMPOKOIOJIOCHOI reHepallii CTPyKTypaMu 3 aKTUBHUMU GiYHMMU
rpaHullg Ha ocHOBI InP Ha yactoTax 1o 350 I'T1 mpu po60Ti Ha OCHOBHIN YaCTOTi 3 MaKCUMAaJIbHOIO e(EeKTUBHICTIO
reHepatii 7o 2,5%. JlocaikeHo reHepaliiio eJ1eKTPOMarHiTHUX KOJMBaHb JiofaMu, 110 MICTATb Bapi3oHHi mapu
InzGal-zAs, B IKMX MO>JIMBEe BUHMKHEHHS yJapHOI i0Hi3allii Ta BCTaHOBJIEH] YaCTOTHI Mexi ix po6oTu. [TokasaHo,
110 Y BKa3aHUX JIi0J1ax MOJKJIMBA FeHepallisl KOJMBaHb Ha yacTtorax 10 400 I'Tu. Briepiie 3anponoHoBaHoO M1aHapHY
KOHCTPYKIIilo Aiofna, 10 MiCTUTh po3MillleHMi Ha 6iuHil IOBEPXHI [1i0/1a aKTUBHUI €JIeMEHT Ha OCHOBI Bapi30HHOTO
HamniBnposigHuka InzGal-zAs, B AKOMY CTBOPEHi YMOBHU [1J151 BAHUKHEHHS yIapHOI iOHi3allii, Ta T0Ka3aHO BILJIUB
TaKOro eJIeMEHTY Ha 3MiHy YaCTOTHOrO JiarnazoHy po6otu fiony. BcTaHOBIEeHO, 1o 4acToTa, BifoBinae
MaKCUMaJbHill e(peKTUBHOCTI, B TAKOMY €JIEMEHTI MaJjio 3aJIEXKUTD Bifi BIJIMBY yIapHOi ioHi3alii, npore
MaKCHMMaJlbHi YaCTOTH reHepallii 6iblli HDK B 3BUYalHUX MJIAaHAPHUX Jiojax Ha ocHOBi GaAs. YacToTHa mexa foro
poboTu pocdrae yactotu 6inbmoi 300 I'Th, a yacTOTHUI [iana3oH Mae 3HauHy MUPUHY (Bif, HE€CSTKIB rirarepl 1o
300 ITu) y 6e3niepepBHOMY peXXuMmi reHepatiii. Brepiue nokasaHo MOXJINBICTb OTPUMaHHS reHepariii
€JIEKTPOMarHiTHUX KOJIMBaHb TepareplLoBoro AianasoHy AiogaMuy Ha OCHOBI GaAs 3 akTUBHUMU GiYHMMU
TPaHULISIMU Y BUIJISi PE30HAHCHO-TYHEJIbHOI CTPYKTYpU. BCTaHOBJIEHO, 1110 BEPXHS YaCTOTHA MeXKa TaKUX [1i0MiB
moxxe nepesumysatu 500 [Th. MakcumanbHa e(peKTUBHICTb KOJIMBaHb gocsirana 10% i Binosigana 4acToTi 6113bKO
110 I'T, 0 3HaXOAUTHCA Y BiZIIOBIIHOCTI IO 4acCy NEePEHECEHHS €JIEKTPOHIB Yepe3 KaHaJl fioga. YacToTHUM
IianazoH poboTHu IiofiB Mae 3HaYHY IIMPUHY (Bix gecaTkis rirarepy go 300 I'Th) y 6e3nepepBHOMY pesXuMi
reHepatiii.

2. The problem of fabrication of small-sized solid-state active elements in the terahertz range is the fundamental
limitations due to the processes of charge transfer in such devices, the totality of which is called the "terahertz
gap", due to the inefficiency of conventional devices for generation waves in this range. One of the possible ways
advancements into the terahertz range is to use traditional solid-state devices such as Gunn diodes or IMPATT
diodes by developing new approaches to device design and new concepts that lead to the improvement of their
frequency properties and the development of new active elements based on them that can operate in the terahertz
range. The main tasks of the thesis are: development of mathematical models and methods of numerical simulation
of physical processes of the transport of charge carriers in semiconductor planar diode structures with complex
geometry and containing regions with heterogeneous electrical properties, using multigrid algorithms for solving
the Poisson equation to determine the distribution of potential and electric field and the multiparticle Monte-
Carlo method to take into account for high-frequency processes of transport and scattering for charge carriers;
development of a software package for 2D modeling of ultra-high-frequency semiconductor devices, taking into



account their structure and charge transport features; to model non-stationary processes in planar homogeneous
and heterogeneous structures containing active side elements of different types, in particular with significant
differences in their characteristics from those of the channel, such as a combination of quasi-classical and
quantum regions; to obtain spatial distributions of electric and quasi-electric field intensity, drift velocity and
energy of charge carriers, taking into account, the complex structure of the conduction band; to obtain the
dependences of the current flowing through these structures for the case of constant and time-varying voltages;
to establish the peculiarities of the formation of current instabilities arising in the diode structures under study; to
obtain the energy characteristics of diodes on alternating current; to determine the frequency characteristics of
diode structures with active side boundaries in terms of obtaining the generation of electromagnetic oscillations
and the possibility of their use at terahertz frequencies; determine the optimal parameters of the devices and the
corresponding structural elements in terms of obtaining maximum frequencies. In particular, the following
scientific results are obtained in this thesis: The possibility of broadband generation by structures with active side
borders based on GaAs from 100 to 300 GHz using traditional materials with a maximum efficiency of up to 3%,
provided that the supply voltage is limited to values less than 2,5 V demonstrated. For the first time, the use of
GaAs-InzGal-zAs heterostructure in a diode with a GaAs channel allows to increase the generation efficiency by
more than 4 times compared to the use of a homogeneous material. For the first time, the possibility of broadband
generation by structures with active side borders based on InP at frequencies up to 350 GHz when operating at
the fundamental frequency with a maximum generation efficiency of up to 2,5% is demonstrated. The generation
of electromagnetic diodes containing graded band gap InzGal-zAs, in which impact ionization is possible, is
investigated and the cut frequencies of their operation are established. It is shown that these diodes can generate
oscillations at frequencies up to 400 GHz. For the first time, a planar diode design containing an active element
based on the graded band gap InzGal-zAs semiconductor formed on the active region of the diode, in which
conditions for the occurrence of impact ionization are formed, is proposed, and the effect of such an element on
changing the frequency range of the diode is shown. It is found that the frequency corresponding to the maximum
efficiency in such an element is not much affected by the influence of impact ionization, but the maximum
generation frequencies are higher than in conventional planar diodes based on GaAs. The cut frequency of its
operation reaches a frequency of more than 300 GHz, and the frequency range has a significant bandwidth (from
50 to 300 GHz) in the continuous generation mode. For the first time, the possibility of generating electromagnetic
oscillations in the terahertz range by GaAs-based diodes with active side boundaries based on resonant tunnel
structure at frequencies above 500 GHz was shown. The maximum efficiency of oscillations was up to 10% and was
obtained at a frequency of about 110 GHz, which corresponds to the time of electron transfer through the diode
channel with a length of approximately 1 micron. The frequency range of the diodes has a considerable bandwidth
(from 50 to 500 GHz) in the continuous generation mode.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHH HanpsIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHi HAYKOBI HOCIIIPKEHHS 3 HANGIbII
BaXKJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOT0, CyCIiIbHO-TIOJITUYHOTO,
JIIOJICBKOTO NIOTEHLjaly 17151 3a0e31e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY
CyCIIiJIbCTBA i Jep>kaBu

CrpareriyHuii npiopUTETHUH HaNPSIM iHHOBALLiMHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIIA
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HiacyMKH IOCJIIIKEHHS: TeopeTuyHe y3arajbHEHHs i BUPIlIEHHS BOXJIMBOI HAyKOBOI TPOGIeMu
Iyo6sikarrii:

o [Ipuxopnpko, K. I'., Bouysna, O. B., 303y, B. O. (2021). Oco6suBoCTi pO3BUTKY yIapHO] ioHi3alii B

HaniBnpoBifHUKOBUX cnioyykax InGaN ta InAIN. BicHuk XapKiBCbKOro Hal[iOHaJILHOTO YHiBepcUTeTy iMeHi B.
H. Kapasina. Cepis «Paniodisuka Ta enekTpoHikay, (34), 19-28. https:/ /doi.org/10.26565 /2311-0872-2021-34~
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