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Abstract. In this article, valence electron state density, energy band parameters, energetic,
optical and electrophysical properties of metal oxide and silicide films with thickness < 40 A
formed on Si/Cu surface during ion implantation and annealing were studied.
Key words: thermal oxidation, nanophases, nanofilms, plasma oscillation, surface
roughness, optical-phonon mode, island growth.
3JIEKTPOHHAS CHEKTPOCKOIIUSI IOBEPXHOCTEN TETEPOCUCTEM
SI/CU C HAHOPA3BMEPHBIMHU ®A3AMMU U IIVIEHKAMUAX
Annomauuﬂ. B cmamuve uccnedosarnvt nnommnocms cocmosnull 6aneHmMHbIX JJIEKMPOHO8,
napamempsl JSHepeemudecKux 30H, JHepcemudyecKkue, onmudeckue u aﬂeKmpoqbus’ulteCKue
CBOLICMBA NAEHOK OKCUOO08 Memajloé U CUuluyudos moauwunou < 40 A4, 0Opasyrowuxcs Ha
nosepxnocmu Si/CU 6 npoyecce uonnol umnianmayuu u Omxcueq.
Knrwueevie cnosa: mepmudecKoe oOKucjienue, HaHOd)cBbl, HAHONJIeHKU, NJIA3MEHHble
K0ﬂ€5aHu}Z, utepoxoeamocnib nOBEPXHOCMU, OnmuKO-quHOHHbZL? pestcum, pocn oCnmpo6KOe.

Introduction

Recently, nanoscale structures obtained on the surface and near it for materials of various
natures have been widely studied, which is due to their promise for the development of new POP
and MIS structures for solid-state electronics devices. Nanoscale systems can be obtained using
molecular beam, solid-phase and gas-phase epitaxy and ion bombardment methods. In this case,
it is of particular interest to obtain and study the properties of nanostructures based on freely
hanging films. Previously, the patterns of formation of nanosized films of SiO; and MeS;; (Me is
a metal) on the surface of a thin free-hanging Si/Cu heterostructure were studied. In particular, it
was found that the SiO. film obtained by ion bombardment followed by heating contains a large
amount of non-stoichiometric SiOx oxides and unbound Si atoms (5-6 at.%), and the BaSi2 and
CoSiz films contain excess metal atoms - up to 10 at. %. In this case, the Eg of the SiO, and BaSi;
films decreased by more than two times [1-2].

In this dissertation, the densities of state of valence electrons, energy band parameters,
energetic, optical and electrophysical properties of metal oxide and silicide films with a thickness
of <40 A formed on the Si/Cu surface during ion implantation followed by annealing were studied
for the first time. In Fig. Figure 1. shows SEM and RHEED images for the Si/Cu surface before
and after implantation of ions with energy E = 1 keV and dose 6 x 10'® sm=2 [3]. The surface of
non-implanted Si is smooth and has a polycrystalline structure. After implantation of ions, separate
cluster phases with a new composition and structure appear on the surface. The surface sizes of
cluster phases range from 10 to 20 nm. These phases occupy half of the entire irradiated area.

However, in the electron diffraction pattern, the concentric rings characteristic of
polycrystalline films completely disappear, and new, diffuse and wide rings characteristic of
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disordered surfaces are observed. Apparently, it can be assumed that microstresses arising near the
cluster phases lead to disorder in non-irradiated areas of the surface. Starting from a dose D = 2 x
10% cm2, overlapping boundaries of neighboring clusters are observed and, starting from a dose
of 10Y sm, complete doping of the surface layers occurs and an amorphous layer of non-
stoichiometric silicon dioxide is formed - in the RHEED picture, instead of concentric rings, one
diffuse ring is observed — amorphous halo [4-5].

Fig. 1. SEM images and RHEED patterns (insets) for the Si/Cu(100) surface before (a)
and after (b) implantation with ions with energy E = 1.0 keV at a dose of 6 x 10 sm [3-4].
Experimental technique
After heating at a temperature of 750 K, the stoichiometric composition of the SiO> film
improves significantly (the SiO. concentration increases to 85-90 at.%), but the high degree of
amorphism remains.
The HPEE spectra of a free-hanging Si/Cu(100) structure before and after the formation of
a nano-sized oxide film are shown in Fig. 1. A number of intense peaks are detected in the Si/Cu
spectrum. The presence of peaks at energy values AE1 = 3.4, AE> = 6.7 and AE4 = 14 eV can be
explained by the occurrence of interband transitions, and other peaks can be explained by the
excitation of surface (AEz=hws = 10.4, AEs=hws = 21 eV) and bulk (AEs = hov = 17 eV) plasma
oscillations [116; P. 102].
The spectrum of the SiO> nanofilm reveals two maxima due to interband transitions AE; =
9.1, AEz = 19 eV and two maxima due to plasma oscillations: AE> = hws = 15 and AE4 = hov =
23 eV. Note that the energy of plasma oscillations and interband transitions in a free SiO2/Si
nanofilm differs from the energy in the case of a thick SiO2 film.
Fig. 2. HPEE spectra of the Si/Cu(100) heterostructure before (1) and after (2) the
formation of the SiO2 film, Ep = 1000 eV [1-2].
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The nature of the shift of the maxima caused by interband electronic transitions is probably
associated with the deformation of the functions of electronic states with a decrease in the thickness
of the SiO2 film and an increase in the influence of the substrate.

When implanting barium with different doses after annealing, nanophases and layers of
barium silicides formed on the Si surface. Nanocluster phases and films (d=20-50 A) of silicides
such as BaSi, and CoSi, were obtained.

Thus, after annealing freely hanging Si/Cu films implanted with O2* and Ba* ions, three-
layer systems SiO,/Si/Cu and BaSi»/Si/Cu are formed [6-7].

In table Table 1 shows the band energy parameters, maximum values of the secondary
electron emission coefficient om, quantum yield Y of photoelectrons, resistivity p of SiO>
nanofilms and metal silicides. It can be seen that during the formation of metal silicides, the Eg
value of silicon decreases by three times, the resistivity by 10* times, the values of om and Y by
one and a half to two times, and in the case of the formation of SiO», Eg increases by approximately
four times, p by 300 times, and om and Y — two to three times [8-9].

Table 1

Zone parameters, om, Y and resistivity (p) of the resulting films

Options Si, d=400 A Si02/Si, d=20 A | BaSi,/Si, CoSiy/Si,
d=50-60 A d=50-60 A

ep, eV 5.1 3.9 3.1 -
Eg, eV 1.1 4.1 0.3 0.4
P, 6-10° 2-108 100-150 80-100
pQricm
F, eV 5.2 4.9 3.9 4.1
X 4.1 0.8 3.6 3.7
om 1.2 2.2 2 1.7
Y 8-10° 6-10* 4.104 -

Note: e¢ and @ are thermionic and photoelectronic work functions.

However, these data differ markedly from the data for similar films obtained on the surface
of bulk Si films. For example, the Eg value for SiO2 and BaSi2 created on the surface of bulk Si
films is 7.9 and 0.7 eV, respectively. These differences are explained by the fact that in films of
Si02 (as well as barium silicides) obtained on the surface of free films, due to the limitation of the
annealing temperature, they contain a certain amount of unbound atoms of silicon and oxide of the
SiOx type (1 <x <2) [7-8].
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