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V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTHyHHUX pyOpHK: 29.19.31

Tema gucepranii:

1. ocnimKkeHHs 3 Teopii TeparepLioBUX KOJIMBaHb, 110 30YAKYIOTbCS Ipeiid)OM eJIeKTPOHIB y KBAHTOBUX SIMax

2. Theoretical study of the terahertz oscillations that excited by the electron drift in the quantum wells

Pedepar:

1. lucepraliist npuCBA4Y€Ha TEOPETUYHUM JOCIIIPKEHHSIM CUJIbHOIIONBLOBOTO Ta BUCOKOYACTOTHOIO TPAHCIIOPTY Y
HU3bKOPO3MIPHUX CTPYKTYpax Ha OCHOBI criostyk AlIIBV, 30kpema HiTpuais. [loka3aHi nepeBaru KBaHTOBUX SIM Ha
HITPUIHUX CIIOJIyKax [Jig peasisallii CUIbHOAHI30TPOIIHOTO PO3IIOiY €JIEKTPOHIB. 3aNpOoNOHOBaHMI aHAITUYHUI
Migxif 10 pPO3B'sI3Ky HECTAL[iOHAPHOTO PiBHAHHA boJblIMaHa B yMOBaX CTPUMIHTY HOCIIB. 31iliCHEHUN JiHINHUN
aHali3 eeKTy NPoJbOTHOTO PE30HAHCY Ta IPOJIEMOHCTPOBAHO iCHYBAHHS CMYT Bifi'€MHOI JMHaMi4yHOi PyXJIMBOCTI
€JIEKTPOHIB B o6sacTi yactot 0.2-2TTh. AMIIITYAA Bif'€MHOI IMHAMIYHOI pyxJIMBOCTI OCsrae coTeHb cM2/Bc.
KoediuieHTa nigcunaeHHs € JOCTAaTHIM 17151 30yPKEHHS He3aTyXalounX BUCOKOYACTOTHUX KOJIMBaHb y CY4aCHUX
BHCOKOSIKICHMX MiKpOpe30HaTOpPHUX cucTeMax. [IpoBeieHUi HesliHiNHUI aHali3 30ypKeHHs TeparepLioBUx
KOJIMBAHb Y METAJIIYHOMY MiKpOPE30HATOPI i3 IPSIMOKYTHOIO reoMeTpieto. [lokasaHo, 1110 Mpy pe30HAHCI KOJIMBaHb
I10JIS1 PE30HATOPA i MyJIbCALill CTPYMY B aKTUBHOMY €JIEMEHTI JOCITa€ThCSI KOTEPEHTHA I'eHepallis

€JIEKTPOMarHiTHUX KOJINBaHb 3 IIOTY)XHICTIO O COTE€Hb MifiBaT i epeKTUBHICTIO 2-5%. 3apOIIOHOBaHU



TEOPETUYHUH MiAXil 10 onucy 30yIKeHHs ONTUYHUX (POHOHIB Apeii)oM NBOBUMIPHUX €JeKTPOHiB. [lokaszaHo, 1110 B
GaAs-ii1 Ta InAs-ifi KBAHTOBUX SIMaxX OJHOMOJ0BA TeHepallist ONTUYHUX (DOHOHIB TOCSTAETHCS MTPU ApeiidhoBUX
MIBUAKOCTSX 2-2.2%107 cM /¢, 1110 BifITIOBifla€ MPUKJIANEHUM eJIeKTPUYHUM I10JISIM B JieKisibKa KB /cM. KitoyoBi

cnoBa: KiHeTuuHe piBHsIHHS BosibliMaHa, TpaHCHOPT HiTpuny, ctpuminr, THz, reneparist, onTudHi (GOHOHM.

2. The dissertation is devoted to investigations of the high-field and high-frequency electron transport in low-
dimensional semiconductor heterostructures for development a new concepts of electrically pumped terahertz
generation. The analytical approaches for theoretical description of the streaming effect and phonon transit-time
resonance (OPTTR) effect in the nitride based quantum wells has been developed. Using Baraff approximation, the
solution Boltzman transport equation for stationary and nonstationary applied electric field under strong
anisotropic electron distribution was found. Based on obtained distribution functions the calculations of kinetic
characteristics of two-dimensional electron gas (2DEG) were performed. Under stationary electron streaming the
dependence of drift velocity on applied electric field show quasisaturation behavior whereas transverse diffusion
coefficient appreciably decreases. It turned out that parameters of group III nitride heterostructures and features
of 2DEG facilitate observation of streaming regime of electron transport. In frame of linear analysis of
nonstationary task, it was demonstrated that 2DEG shows negative dynamical mobility (NDM) under proper
electric field in the frequency region 0.2-2 THz. The obtained values of NDM were sufficient for excitation of
oscillations in modern microresonators. Nonlinear analysis of electromagnetic oscillations with TE1,0 polarization
in the metal microresonator excited by active heterostructure element (a diode) was carried out. At the realistic
parameters of the diode and resonator, it was shown that generation of coherent terahertz electromagnetic waves
takes place with power up to hundreds mW and efficiency 2-5%. Second part of dissertation is devoted to
elaboration of the theoretical basis of the nonlinear regime of the optical phonons generation by drift of dense
2DEG. It was shown that practically single-mode generation of confinement optical phonon is achieved at the
electron drift velocity 2-2.2*107 cm/c that correspond applied electric field a few kV/cm for GaAs quantum wells.
Keywords: Boltzman transport equation, electron transport, nitrides, THz generation and optical phonons.
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