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1. EdpexTu B3aemMogii TeparepioBoro BUITPOMIHIOBaHHS 3 CUJIbHO HEPiBHOBXKHUM €JIEKTPOHHUM Tra30M B 00'€MHUX

Ta HA3bKOPO3MIipPHUX HaIMiBIPOBIZHUKOBUX CTPYKTYPax

2. Effects of interaction of terahertz radiation with a strongly nonequilibrium electron gas in bulk and low-

dimensional semiconductor structures

Pedepar:

1. B pucepTauiiiniil poboTi nobynoBaHi Teopii CUIbHO-TI0JILOBOTO Ta BUCOKOYACTOTHOT'O €JIEKTPOHHOI'O TPAHCIIOPTY
B 00’€MHUX 3pa3Kax, KBAHTOBUX reTEPOCTPYKTYpax Ta IPOCTOPOBO - OOMEXEHUX Ai0JHUX CTPYKTypax Ha OCHOBI
AIIIBV HaniBNpOBiZHMKOBUX MaTepiasiB. B pamkax nobynoBaHUX TEOPiN JOCTIIXEHI €(PEKTH CUIbHO-TIOJbOBOI Ta
MarHeTo-TPaHCIIOPTHOI KiHETUKY HOCIiB, epeKTH aHi30TPpOIIil BUCOKOYACTOTHOTO BiI'yKy €JIEKTPOHHOT'O rasy, 110
HaBeJeHi CUJIbHUM €JIEKTPUYHUM Ta MaTHITHUM I10JIEM, a TAKOX PO3IJISIHYTI TPAHCIIOPTHI PEKMMY BUHUKHEHHS
CTPYMOBUX Ta IJIA3MOHHHMX HECTIMKOCTEN B CUJIBHUX €JIEKTPUMYHUX I10JISIX. 30KpEeMa, TPOBEIEHN KOMIIJIEKCHUN
aHasi3 eeKTy CTPUMIHTY Ta IIPOJIbOTHOTO PE30HAHCY Ha ONTUYHUX (POHOHAX B KomreHcoBaHoMy GaN. Busisieni

eeKTy BUHUKHEHHS BiJl€MHOI IMHAMiYHOI IPOBIIHOCTI, 110 MOXKYTb 3aCTOCOBYBATUCH 17151 reHepanii TI'y



BUIIPOMIHIOBaHHS B fAianas3oHi yactot 0.5-2 TT'y. 3anponoHoBaHi HOBi METOAMKY [J1s1 €KCIIEPUMEHTAIbHOI
imenTrdikanii 1Mx TPAaHCIIOPTHUX PEKUMIB B eKCITepuMeHTax rpenusiiiHoi TT1] crieKTpocKoTtii, Ta JOAATKOBO, B
MarHeTO-TPAHCIIOPTHUX Ta €JIEKTPO - IPaiEHTHUX BUMipIOBaHHAX. OKpecseHi napameTpy 6aliCTUYHUX N+-i-n+
niomis Ha OCHOBI InAs Ta GaAs mMaTepiasiB B SKMX MOXYTbh BUHUKATU CTPYMOBI HECTIMKOCTI IIPOJIbOTHOTO THUITY.
3amnpomnoHoBaHa mogesns TI' reHepaTopa, 10 BUKOPUCTOBYE B SIKOCTi aKTUBHOTO €JIEMEHTA KACKaIHYy CTPYKTYPY
ineHTHYHMX 6asicTUYHUX fionis. JJocmimkeHi eeKTy AeTeKTyBaHHs, MiCUJIEHHs Ta TeHepallii TeparepioBoro
BUIIPOMIHIOBAaHHS riOpUIHUMU IJIA3MOHHUMU CTPYKTYPaMU 3 METaJIiYHUMU IPaTKaMy B yMOBaX CUJIBHOTO Apendy
HOCiiB. 3HalfeHi ¢i3nyHi NapaMeTpu TaKUX CTPYKTYP, POO0Ui TeMnepaTypu ix (pyHKLiOHYBaHHS, iHTEpPBAIU
[IPUKJIAJ€HYX I10J1iB, Ta MOXKJIMBUI IHTEPBaJl 4acTOT JJIs1 CllocTepeskeHHs eeKTiB mincuneHHs /reHepanii TI'y
BUIIPOMiHIOBaHHS. [IpoBeeHi TOCTIIPKEHHS € BAKJIMBUMU [1J1S1 CTBOPEHHSI aKTUBHUX €JIEMEHTIB
HAJ|BMCOKOYACTOTHOI ONTOEJIEKTPOHIKM HOBOTO MTOKOJIHHS, 1110 BUKOPUCTOBYIOTb 1711 KOHTPOJIIO POOOYUX

[apaMeTpiB CUJIbHI €JIEKTPUYHI MOJIS.

2. Thesis is devoted to theoretical studies of high-field and high-frequency electron transport in bulk samples,
quantum heterostructures and diode structures based on AIIIBV semiconductor materials. In the framework of the
developed theories, the effects of the high-field and magneto-transport electron kinetics, the effects of anisotropy
of the high-frequency response of an electron gas induced by a strong electric and magnetic field are investigated.
The considerable attention was paid to specific electron transport regimes relating to the emergence of current
and plasmon instabilities which can be used for generation of THz radiation. In particular, a comprehensive
analysis of the streaming effect and optical phonon transit-time resonance in compensated GaN has been carried
out in the frames of Monte-Carlo simulation. It was found that streaming transport regime and associated OPTTR-
phenomenon can be realized in GaN samples with moderate doping of ~1016 cm-3 and compensation degree of
90% in the range of applied electric fields of 3-10 kV/cm. It was shown that formation of the streaming transport
regime can be identified as specific decreasing behavior of dependencies of the transverse-to-current diffusion
coefficient. The calculations predict the effect of negative dynamic conductivity, in the frequency range of 0.5-2
THz up to temperatures of 150 K. The electrodynamic calculations of the transmission/absorption spectra reveal
that single epitaxial layer of compensated GaN with thickness of 10 microns can amplify THz radiation with gain of
1-2%. The co-existence of the cyclotron and optical phonon transit-time resonances has been identified in
magnetic fields of a few T applied in-parallel to electric one. It was shown that magnetic field can control
polarization dependence of the amplification effects. In crossed configuration of applied electric and magnetic
field, the magnetic fields of ~4 T can destroy the streaming transport regime with the effect of the collapse of
dissipative current. The main magneto transport characteristics (dissipative current, Hall current, and Hall electric
field) have been studied for the short and open Hall circuits. It was shown that the magneto transport
measurements can provide valuable information on the main features of the electron distribution function and
electron dynamics in GaN. It was established that strong dependency of the dissipative current on the parameters
of the Hall circuit can be used for current modulation and current switching for high-power electronic
applications. A self-consistent theory of ballistic electron transport in n+-i-n+ homo- and heterodiodes has been
developed for steady-state and high-frequency regimes. The theory takes into account real injection /exclusion
processes at the n+ -i interfaces, space-charge effects in the base region and diffusive electron transport in
contacts. Comprehensive analysis of current-voltage characteristics and frequency dependencies of impedance
was performed for InAs homodiodes and GaxInl-xAs-GaAs-GaxInl-x heterodiodes. It was demonstrated that
widely accepted simplifications and results, such as the virtual cathode approximation, the Child law and others,
cannot be applied to describe semiconductor ballistic diodes for realistic values of the applied electric biases. The
negative dynamic resistance (NDR) effect is identified and studied. It was shown that the thermal spreading of
injected electrons over the energy greatly affects the transit-time resonance and suppresses the NDR effect. The
parameters of the diodes and working temperatures necessary to achieve the maximum NDR effect in the THz
frequency range were determined. In order to increase the gain of the resonator modes, a model of a THz
generator based on cascade structure of identical ballistic diodes was proposed. A theory of collective electron
oscillations in two-dimensional semiconductor heterostructures subjected to a high electric field has been



developed. The effect of the stationary electric field has been taken into account on both steady-state and high-
frequency electron transport. The analysis has been conducted by solving Boltzmann-Vlasov equations in the
collisionless approach for high-frequency electron transport. It was discovered that applied electric field induces
the following effects: strong nonreciprocal behavior of both oscillation frequency and damping; interaction of
plasmonic and thermal modes; instability of excitations propagating along the electron drift (effect of negative
Landau damping). It was shown that the electrically induced plasmon instability provides amplification of terahertz
(THz) radiation in grating-based plasmonic structures.
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