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V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHyHHUX pyOpHK: 29.19.31

Tema gucepranii:
1. MexaHi3Mu T€H30PE3UCTUBHUX €PEKTIiB B CUIbHO Ae(POPMOBAHUX KPUCTANIAX KPEMHIIO Ta FepMaHilo N-TUILY

2. The mechanisms of tensoresistive effects in highly strained n-type silicon and germanium crystals

Pedepar:

1. Inceprarnist MiCTUTb pe3yJIbTaTu KOMIJIEKCHUX JIOCTIiI)KeHb OCHOBHUX 3aKOHOMIPHOCTE! Ta 0COOINBOCTEN
MEXaHi3MiB TEH30PE3UCTUBHUX €(PEKTIB y CUJIBHO Ae(POPMOBAHUX KPUCTAJIaX KPEMHIIO 1 F€PMaHisl N-TUIlY
npoBigHOCTI. [IpencraBieHo MeTony BU3Ha4YeHHs (Pi3MYHMX MEXaHi3MiB TEH30€(EKTIB y CUJIbHO Ie(dOPMOBAHNX
KpUCTasax 6araTofioJIMHHUX HaliBIIPOBiIHUKIB. BCTaHOBJIEHO, 1[0 TIOPS], i3 KJIACUYHUMU MEeXaHi3MaMu1
[IEPEPO3IIOIINY €JIEKTPOHIB MK IOJIMHAMU iCHYIOTh OLATKOBI MEXaHi3MHU, SIKi IIOB'S3aHi 3 paJlKaJIbHOIO
nepebyn0BOI0 30HU ITPOBIAHOCTI 32 PaXyHOK AedopMallifHO-iHIyKOBAaHOTO 36ibieHHs e(peKTUBHOI Macu
€JIEKTPOHA. JI711 CUJIbHO JIETOBAaHUX KPUCTAJIiB KPEMHIIO 32 YMOBHU JIOCSITHEHHS IEPEXONIY METAJ-i30JI9TOP
OTpUMaHa 3aJIeXKHICTh e(PeKTUBHOI Macu €JIEKTPOHA BiJ] OJHOBICHOTO THUCKY, 1110 3HaXOJUTbCS B TIOBHIN
BiITIOBiJHOCTi 3 TEOPETUYHMMH PO3PaXxyHKaMHU, & TAaKOX 3 €KCIIEPUMEHTAJIbHUMH JaHUMU. 3'COBaHi 0COOJIMBOCTI
yIapHOI i0Hi3alii CTaHiB MiJIKAX JOMILIOK Ha i30JIITOPHIN CTOPOHI fedopMaLiHO-iHIYKOBAaHOIO IEPEXOAY MeTal-

i3071ATOP 17151 CUJIBHO JIETOBaHUX KPUCTAJIiB KPEMHIIO 11 repMaHilon-TUIly IpoBigHOCTi. BusiBieHO 0cO61MBOCTI



€JIEKTPO(PiI3NYHMX BIACTUBOCTEN HEUTPOHHO-JIETOBAHMX KPUCTAJIIB KDEMHIIO, 3yMOBJIEHUX HasIBHICTIO

BHCOKOTEMIIEPATYPHUX TEXHOJIOTIYHUX TEPMOJOHOPIB.

2. The results of complex investigation of main dependencies and peculiarities of tensoeffects in highly uniaxially
strained n-type silicon and germanium crystals are presented. The methods of identification of tensoresistivity
physical mechanism and determination of main electrophysical parameters of silicon and germanium are
described. For heavily doped silicon at the condition of realization of the metal-insulator transition the
dependence of electron effective mass vs. uniaxial pressure was obtained. As a result of careful fitting procedure, it
was determined that the quadratic dependence of electron effective mass on the uniaxial pressure X || [111]
describes the experimental data of measured pressure-tuned conductivity change in the range of strain-induced
MI transition. Single linear dependence of increase of the electron effective mass on pressure can not describe the
measured conductivity decrease at all. It was represented the conductivity stress dependence in form predicted by
the scaling theory of localization taking into account the cubical form of relation between critical concentration
Nc and electron effective mass, as follows from the Mott criteria. The best fit for n-Si(P) is achieved for critical
exponent v = 0.5 (14 NP/Nc = 2.55). The value v = 0.5 for n-Si(P) is very close to that determined for conductivity
change in slightly insulating n-Si(P) samples under the stress-induced insulator-to-metal transition at millikelvin
temperatures and differs essentially from v = 1 predicted by the scaling theory of localization. Analysis of TR effect
data in neutron transmutation doped (NTD) and gamma-irradiated silicon crystals allowed us to determine
regularities of influence on the transport phenomena, additional strain-induced ionization of both radiation-
induced energy levels (P, A-centres) and levels of high temperature thermodonors which are generated in NTD
silicon with high oxygen concentration during the annealing. Enhanced contribution of additional strain-induced
ionization of thermodonor levels to tensoeffects with decreasing phosphorus concentration is explained by
approximately constant concentration of thermodonors in crystals with equal content of oxygen and identical
conditions of annealing. It was obtained by analysing both temperature and pressure dependencies of resistivity,
Hall effect and the ratio of electron concentration in different valleys of the C-band shifted by deformation that
the tensoeffects mechanism of intervalley redistribution is inherent only for pure n-Si crystals doped by
hydrogenlike donors in a narrow temperature range (78 - 100 K). The analysis of the obtained data testifies that the
slope change of the linear part of dependencies Ig(n2 / nl) = f(X) does not mean the change of magnitude of the
deformation potential constant u in n-Si crystals doped by various methods.The peculiarities of impact ionization
of shallow donors on the insulating side of MI transition for heavily doped silicon and germanium crystals were
explained. Transformation of linear current-voltage characteristics into S-shape ones under influence of uniaxial
pressure linear (for germanium) and quadratic (for silicon) dependencies Ebr = {(X) was explained in terms of
different processes of energy gain by ionizing electron.
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