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Pedepar:

1. Metonmom Teopii pynkuionany ryctunu (B3LYP, 6-31G**) BUKOHaHi KBAaHTOBOXIMIUHI pO3paxyHKU PiBHOBA)KHOI
IIPOCTOPOBOi OyIOBU Ta €J1eKTPOHHOI cTpyKTypu AK atoma, 1Box aToMiB Ge Ta YTBOPEHOI JBOATOMHOI MOJIEKYJIN
Ge2 Ha xyacrepi Si96H84, sikuit Mmozentoe 6ykiaboBaHy rpanb Si(001), a Takox Ha kiactepi Sill5SH80+Si18 030H16, o
BiATBOpIOE i307110104Nii AP HA [TIOBEPXHi KpUCTalivYHOrO KpeMHito. [TokazaHo, mo agcopbiis ogHoro aroma Ge
BinOyBaeTbcst Ha down-aToMi Si «OyKJIbOBaHUX» IUMePiB >Si=Si< noBepxHi 3 eHepreTuyHUM epexTom 7,8 eB. Taka
IOCUTb 3HAaYHA BEJIMYMHA €HEPrii afcopouii CBimuuTh PO KOOPAUHALIIHY HEeHacuueHicTb down-aTomiB Si.
Ancop6buisg gpyroro atoma ['epmaHilo B Mekax 3aCTOCOBAHOTO KJIaCTepa TaKOX € eK30TEPMIiYHUI ITpoliec 3
eHepreTndHuM edektom 1,5 eB mono knacrepa Si96H84+Ge 3 nopansmum popmyBaHHIM aaaumepa >Ge=Ge<.
Atromu Ge apnumepa >Ge=Ge< 31aTHi 10 06’eMHOi nuy3ii 3 yTBOPEHHSIM $IK 3MillaHuX agaumepiB >Ge=Si<, Tax i
YUCTUX agaumepiB >Si=Si<. XiMmiuHe oToueHHs aToMiB ['epMmaHiio B Takux AK Bu3Hauasnocs 1o 3cyBy 3d5/2-
KOMIIOHEHTH JIiHii Ge3d BifHOCHO ii nosioxeHHs B KomIiekci Si96H84+Ge?2 3 agaumepom >Ge=Ge<. Y3araabHeHHS

Pe3yJIbTaTiB TPAKTYBaHHS 3CYyBiB II0JIOXKeHHS JiiHii 3d5/2 1aHO B paMKax ysIBJI€Hb IIPO «€JIeKTPOCTaTUYHUN



NOTEHLias», 3riJHO SIKOTO 3MiHa €Heprii 3B'13Ky OCTOBHUX €JIEKTPOHIB PO3IJISAAETbCS K (PYHKIiSI €PEKTUBHOTO
3apsy caMmoro atroMa i epekTUBHUX 3apsIiiB CYCiTHIX aTOMiB. 3ralaHMM MeTOLOM 3 BUKOPUCTaHHSM KJlacTepa
Si28H28, siknii MiCTUTB I'SITh OYKIbOBAHMX [IOBEPXHEBUX NUMEPIB >Si=Si<, po3IysiHyTO TpaHCcPopmaliiio agauMepis
>Ge=Ge<, >Ge=Si< Ta >Si=Si< Ha pesakcoBaHill rpaHi Si(001)(4x2). BcTaHOBI€eHa eHEPreTrKa KOJIMBaHb 3rafjaHux
IVMePpiB y 3aJ7IeXKHOCTI Bifl KyTa OYKJIIOBaHHS Ta pO3pax0OBaHi BeJIMUMHN BiNOBiIHUX 6ap’epiB akTuBauii. s
apnuMepa >Ge=Si< OTpUMaHi BeJIMYMHY aKTUBALiliHUX 6ap’epiB 3MiHM opieHTalii (ADB) y mexxax ofHiei KoMipku
noBepxHi Si(001)(4x2), a Takox gudysii MDK gBOMA CyCigHIMU KOMipKamMu NiJKIagMHKUA. Po3risy Tpbox BUTiB
nepemineHs aanumepiB >Ge=Ge<, >Si=Si< Ta >Ge=Si<, 30Kpema KoJMBaHH iX K LIijI0ro, o6epTaHHs Ta nudy3ii Haz
PsAoM OYKJIbOBAHUX OUMePiB >Si=Si< MifKiagvHKYU CBiIIUTb, [0 BCi BOHU BiIOYBAIOThCS 3 HEBEJIMKUMU €HEPrisiMu
aktuBalii (< 1 eB), yncesbHI 3HaYEHHS SIKUX 33[J0BiIbHO Y3TrOKYIOThCs 3 pe3yabTaTamu CTM-eKkcliepuMeHTiB,
HagBHUMMU B JIiTePaTypi. BUKOHaHI po3paxyHKM piBHOBaXHOI CTPYKTypu AK omHOrO, ABOX aTOMIB ['epMaHilo Ta
yTBOpeHOi MoJieKyin Ge2 Ha noBepxHi niiBku SiO2 Ha rpaHi Si(001), a TakoX ix peHTTeHOPOTOEIEKTPOHHUX
CIIeKTPiB JO3BOJISIIOTh BU3HAYATU NIPUYMHY JIOKaJli3allii 3apsiy Ha afcopboBaHux aTomax Ge Ta Ha JBOATOMHIN

MoJiekyli GeZ.

2. Density functional theory (B3LYP, 6-31G**) has been employed for the investigation of the equilibrium spatial
and electronic structure of adsorption complexes of one and two Ge atoms as well as diatomic molecule Ge2 with
two different clusters: (i) Si96H84 which simulates the Si(001) buckled face and (ii) Sil15SH80+Si18030H16 which
reproduces an insulating layer on the crystal silicon surface. It is shown that the adsorption of one germanium
atom takes place on the down atom of buckled surface >Si=Si< dimers and is accompanied by the energetic effect
of 7.8 eV. Such a large adsorption energy indicates for down silicon atoms to be coordinationally unsaturated.
Adsorption of the second germanium atom within the same cluster is also exothermic (1.5 eV with respect to the
Si96H84+Ge cluster). Later on, as the result of the surface diffusion, a >Ge=Ge< addimer is formed over a number
of >Si=Si< dimers in a parallel way. A diffusion of germanium atoms of that >Ge=Gex< surface dimer into the bulk
phase is accompanied by the substitution of Si atoms by Ge atom followed by the formation of both mixed >Ge=Si<
dimers and pure >Si=Si< ones. Chemical environment of germanium atoms in those adsorption complexes has
been determined by the shift of the 3d5/2 component of the Ge3d line with respect to its original position in the
Si96H84+Ge2 complex with >Ge=Ge< addimers. Such a shift turns out to be negative for adsorption complexes
with the pure >Si=Si< dimer on the surface and two germanium atoms inside the crystalline substrate. 3d5/2
sublevel shift has been interpreted in terms of the “electrostatic potential”, namely, binding energy of core
electrons has been considered as a function of the effective charge of a given atom as well as effective charges of
neighboring atoms. Transformation of five buckled surface dimers >Ge=Ge< >Ge=Si<, and >Si=Si< on the relaxed
Si(001)(4x2) face has been investigated using DFT calculations (B3LYP, 6-31G**) of the Si28H28 cluster. In
particular, energetic effects of the vibration of those dimers at fixed bond length and different buckling angles o
have been studied, and corresponding activation barriers have been calculated. For the >Ge=Si< addimer,
activation barriers for the change of the orientation (AoB) have been evaluated within the same cell of the
Si(001)(4x2) substrate surface, as well as for the diffusion between the adjacent cells. For all the three types of
displacements of addimers >Ge=Ge<, >Si=Si<, and >Ge=Si< (in particular, their vibration as a whole, rotation, and
diffusion over a number of buckled >Si=Si< dimers of the substrate), the activation energies turned out to be small,
less than 1 eV. Such numerical values are in a satisfactory agreement with the STM data available in literature.
Calculations performed by the doctoral candidate for the equilibrium structure and X-ray photoelectron spectra of
the adsorption complex of one and two germanium atoms as well as diatomic molecule Ge2 on the surface of the
SiO2 film covering the Si(001) surface allowed one to get an insight into the charge localization on the adsorbed Ge
atoms and Ge2 molecule.
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