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1. Inceprauis NpucCBsY€Ha LOCIII)KEHHIO MEXaHi3My i [IPOSIBIB Biia/I€HOI B3a€MOii MK JOMIIIKOBUMU aTOMaMU
Ta [IOBepXHEeBUMHU fedeKTaMu TUIy pb-1ieHTp, Ta BIUIUBY Liiei B3aeMoii Ha Ipolec e1eKTPOXiMiYHOrO TPaBJIeHHS],
IIPOBIHICTb Ta CEHCOPHY YyTJIMBICTh 4O aKTUBHUX MOJsieKysl NO2 i NH3 nopyBaToro KpeMHilo Ta iHImnX KpeMHieBUX
cTpykTyp. [lokazaHo, MO B KPEMHi€EBUX CTPYKTYpPax JOMIIIKOBi atomu pocdopy Ta 60py MOXKYTh BianeHo
B32EMOJISITH 3 pb-IleHTpamHy, SIKIIO BiflCTaHb MDK HUMU He MepeBUILye ~ 25 A ITpu Taxiii B3aemoii BiioyBa€eThCS
3apsIpKeHHs pb-1leHTpiB Ta JOMIIIKOBUX aTOMIB, 1110 CYIIPOBOJKY€ETHCS IIACHBalli€l0 JOMILIKY Ta BAHUKHEHHSIM
00671aCTi NiJBUIIEHOTO ab0 3HKEHOT0 IIOTEeH1ialy HaBkoJlo pb-1eHTpiB. [lokazaHo, 10 yTBopeHHs PS npu
€JIEKTPOXiMIYHOMY TPaBJIEHHI KPEMHIIO Y BOIHUX po3unHax HF BinOyBaeThCs MIISIXOM IIPSIMOTO (PTOPYBAaHHS
[IOBEPXHEBUX aTOMiB KpeMHio. [Ipsime pTopyBaHHS Halierue npoxonsaTe Ha rpansx (110), (100) ta Ha ix nepeTuHi,
iz iero «BaXKKUX» IOHHUX KOMILJIEKCIB PTOPY i 3a y4acTi BilbHUX AipoK. [106/113y AOMIIKOBUX aTOMiB 60PY IpoLec
€JIEKTPOXiMIYHOTO TPaBJIEHHS KPEMHIIO YIIOBiJIbHIOETHCS 00 rajibMy€eThCS], IO NOSICHIOE YTBOPEHHS XapaKTEPHOI
CTPYKTypu PS'y BUr/Ii «CKesieTa» i3 HAHOKPUCTAJIITIB, BCepeMHi SKUX 3HaXOISThCSI aTOMU 60OpYy.
[IpoeMOHCTPOBAHO, 110 aKTUBAL[IMHUI XapaKTep MPOBiITHOCTI PS MOsSICHIOEThCS HASIBHICTIO 6ap’epiB [1J1s1 BiIbHUX
HOCIB, SIKi iCHYIOTb HaBKOJIO 3apsJI)KEHUX Pb-LIEHTPIiB Y HATOHIIMX [AilIHKaX HAaHOAPOTIB B Mepexi PS. Lle Takox
IOSICHIOE PO30ir 3Ha4eHb €HEPTil TepMiYHOI aKTHBaLlii IPOBIGHOCTI AJ1s1 pi3HUX 3pa3kiB PS, HasBHICTb ABOX JIiHIHKX
IiZISIHOK y TEMIIEPaTyPHil 3aJIEXXHOCTI IPOBIIHOCTI PS B appeHiyCiBChKUX KOOPANHATAX Ta iCHYBaHHS JIBOX THUIIiB
3aJIe>XXHOCTI IpoBigHOoCTi PS Bif 30BHiMIHbBOTO 110J151. [TokazaHo, o npu agcopouii mosiekyan NO2 Ha rijpOKCHIOBaHY
IIOBEPXHIO KPEMHIIO 260 OKCUAY KPEMHIIO MOXXYTb YTBOPIOBATUCS BiJIbHI CTAHY B 3200POHEHIN 30Hi KPDEMHIIO.
BUHUKHEHHS MiJIKMX aKLIENTOPHUX CTaHiB y p-PS crioctepiraeTbest Takox, Koau mosekyan NO2 agcopOyloTbest Ha
OH-rpynax 1no6yiu3y No3UTUBHO 3apsIKEHUX pb-1IeHTPIB, sIKi TaCUBYIOTh MifIOBEpXHEBi aTomu 60py. Lle rnosicHioe
3pOCTaHHs KOHIeHTpalii BinbHUX AipoK y PS p-tuny B atmocdepi NO2. [TokazaHo, 1110 Ha TiipOBaHiil Ta OKACJIEHIN
IIOBEPXHi KPEMHIIO MOXXe BiZj0yBaTUCs IPOLIEC IPOTOHYBAaHHS MOJIEKYJI aMiaky. [IpoToHyBaHHIO MoJiekys NH3
CIIpUSIOTH HasIBHICTb MoBepxHeBuX OH-rpyIl, ancop6oBaHUX MOJIEKYJ BOIY Ta MiAIIOBEPXHEBUX aTOMIB 60DY.
[Tpouec MpOTOHYBaHHS MOJIEKYJI aMiaKy CyIIPOBO/IKY€ETHCS BiflJaJIEeHOIO NTacuBalli€lo NOMilIKYU 6opa ioHamu NH4+ i
BMHUKHEHHSM JOHOPHUX CTaHiB, Ta [10SICHIOE 3pOCTaHHsI KOHLEHTPallil BiJIbHUX €JIEKTPOHIB (260 3MEHIIEHHS
KOHILEHTPALii BiTbHUX IipOK) B KpeMHii. [IpoTOHyBaHHS aMiHOCIIOJIYK Ha 1oBepxHi PS a60 aMoppHOro KpeMHito

00YMOBJIIO€ €KCIIEPUMEHTAJILHO BCTAHOBJIEHI 3aKOHOMIpPHOCTI nipoueciB SALDI.

2. The dissertation is devoted to the study of the mechanism and manifestations of the remote interaction between
impurity atoms and surface defects of the pb-center type and the influence of this interaction on the process of
electrochemical etching, conductivity and sensor sensitivity to active NO2 and NH3 molecules of porous silicon
and other silicon structures. It has been shown that impurity phosphorus and boron atoms in silicon structures
can remotely interact with pb-centers if the distance between them does not exceed ~25 A. During this
interaction, the pb-centers and impurity atoms become charged, which is accompanied by passivation of the
impurity and the appearance of a region of increased or decreased potential around the pb-centers. It is shown
that the formation of PS during electrochemical etching in aqueous HF solutions occurs by direct fluorination of
surface silicon atoms. Direct fluorination is easiest on the (110), (100) faces and at their intersection, under the
action of "heavy" fluoride complexes and with the participation of free holes. Near impurity boron atoms, the
process of electrochemical etching of silicon slows down or stops, which explains the formation of a characteristic
PS structure in the form of a skeleton of nanocrystals with boron atoms inside. It has been demonstrated that the
activation character of PS conductivity is explained by the presence of barriers for free carriers that exist around
charged pb centers in the thinnest sections of nanowires in the PS network. This also explains the scatter in the
values of the thermal activation energy of conductivity for different PS samples, the presence of two linear
segments in the temperature dependence of PS conductivity in Arrhenius coordinates, and the existence of two
types of dependence of PS conductivity on the external field. It has been shown that the adsorption of NO2
molecules on a hydroxylated silicon or silicon oxide surface can lead to the formation of free states in the band gap
of silicon. The appearance of shallow acceptor states in p-PS is also observed when NO2 molecules are adsorbed
on OH-groups near positively charged pb-centers, which passivate subsurface boron atoms. This explains the
increase in the concentration of free holes in p-type PS in an NO2 atmosphere. It is shown that protonation of



ammonia molecules can occur on hydrogenated and oxidized silicon surfaces. The protonation of NH3 molecules
is facilitated by the presence of surface OH groups, adsorbed water molecules, and subsurface boron atoms. The
process of protonation of ammonia molecules is accompanied by remote passivation of the boron impurity by
NH4+ ions and the appearance of donor states and explains the increase in the concentration of free electrons (or
the decrease in the concentration of free holes) in silicon. The protonation of amino compounds on the surface of
PS or amorphous silicon determines the experimentally established patterns of SALDI processes.
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