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The formation of heterostructures based on nanoscale silicide films in limiting states
are exemplified. The nanoscale silicide films of a required phase composition are shown to
be obtainable by formation of specific zones, different type interlayers referred to as the
diffusion-controlling layers between the metal layer and substrate (silicon single crystal).

ITokasaHbl mpuMepbl IMMOJYUYEHUS I'E€TEPOCTPYKTYP HA OCHOBE HAHOPA3BMEPHBIX CHJIMILUJ-
HBIX IJIEHOK B IIPEJeJbHBIX COCTOAHUAX. IIoKasaHo, UTO IMOJydYeHUE HAHOPASBMEPHBIX CUJIH-
MUIHBIX IIJIEHOK Heo0xoaumoro (pasoBOro cocraBa odecrieumBaeTcsi (DOPMUPOBAHUEM MEKIY
CJIOEM MEeTaJIIa U IOAJIO0MKKON (MOHOKPHCTAIIOM KPEMHUS) OCOOEHHBIX 30H, IIPOCJIOEK PAa3HO-
1o Tuna — Au(MPPY3NOHHO-KOHTPOJIUPYIOIIUX CJIOEB.

A special interest in silicide films is con-
nected with the wide variation range of their
properties from those typical of metals to
semiconductor ones as well as with enhanced
thermal and chemical resistance as compared
to metals [1, 2]. In traditional MOS (metal-
oxide-semiconductor)-silicon technology, the
silicide films are used as functional elements
intended for different purposes (rectifying
Schottky diodes, ohmic contacts, gate elec-
trodes, emitters and interconnections).

Among epitaxial films which can be
formed on single-crystal silicon plate, of a
particular interest are disilicide CoSi, with
metal conductivity and low specific resis-
tance (about 15 pQ-cm) and semiconductor
silicide Mn,Si; which due to its unique elec-
trical and optical properties (thermal emf
anisotropy with coefficient exceeding
150 uV/K as well as direct band gap of
0.68—-0.83 eV thickness) is a new material
of good promise for use in thermoelectric
devices and in development of high-tem-
perature generators and sensors [3].

The lattice mismatch for CoSi, and Si
substrate makes about 1.2 % at room tem-
perature, thus enabling its epitaxial
growth. However, in a single-layer Co/Si
film composition, CoSi, layer grows as a
polycrystal due to high rate of solid-state
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Co and Si interaction reactions. In this
work, the problem of CoSi, epitaxial film
formation was solved by creation of a spe-
cific layer, a diffusion-controlling mem-
brane (DCM) of intermediate nanodimen-
sional Ti and SiO, layers between the Co
film and Si substrate. The controlling role
of DCM was to decelerate the diffusion
flows of Co and Si atoms into the solid-state
reaction zone and to provide the CoSi, epi-
taxial growth. Under annealing of the film
compositions under investigation, the diffu-
sion processes are accompanied by deteriora-
tion of SiO, layer and formation of Co-Ti—
Si ternary compound which was identified
in this work as Co03Ti,Si phase. The thick-
ness values of initial Ti and SiO, layers
were selected to provide the ternary com-
pound layer of about 10 nm thickness [4].
The decomposition of ternary compound at
higher annealing temperatures results in
transfer of Co atoms to Si substrate and
formation of CoSi, epitaxial film. Calcula-
tion of effective diffusion coefficient of Co
atoms has shown that it was decreased by 3
orders [5], (Fig. 1). The electric resistance
under annealings is varied corresponding to
a curve with a maximum. The lowest resis-
tance (about 15 um-cm) corresponds to for-
mation of CoSi,. It is established that the
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Fig. 1. Comparison of experimentally deter-

mined effective diffusion coefficient of Co
(point O0) with literature data [5].

CoSi, epitaxial layer is formed in a sample
with Ti layer of 4.7 nm and SiO, layer of
1.91 nm after annealing in ultrahigh vac-
uum at 1170 K during 30 s. Its thickness is
70 nm and the epitaxial correlations with
the silicon substrate were established to be
(001)[100]C0Si,[(001)[100]Si. CoSi, is ther-
mally stabile up to 1320 K.

The lattice mismatch for Mn,Si; and Si
makes about 1.8 %, thus, its epitaxial
growth on a silicon single crystal is possible,
too. However, formation of Mn,Si; by solid-
state reaction during annealing or by Mn re-
active deposition onto heated substrate is ac-
companied by formation of silicide film of
polycerystalline structure due to high rate of
solid-state reactions in the Mn/Si film system.
To lower the chemical activity of substrate
surface, a buffer silicon layer of 100 nm is
deposited thereon under ultra high vacuum.
The influence of substrate temperature on the
structure and morphology of Mn,Si; silicide
forming at deposition of nanodimensional Mn
film was studied. It was established that at
Toupst. < 820 K, the continuous but polyerys-
talline silicide layer is formed. At T ;4 >
820 K, the film consists of separate epitaxial
grains of Mn,Si; and is incontinuous.

To form the epitaxial layers of Mn,Si; on
silicon, it is used the approach basing on
the change in growth kinetics of silicide
film due to use of Sb surfactant, a specific
layer between the metal film and substrate.
The surfactant decreases the substrate sur-
face activity and produces its wetting. The
Sb layer was deposited previously onto sili-
con surface at 870 K. The subsequent reac-
tive deposition of Mn film is accompanied
by Mn,Si; formation.
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Fig. 2. Effect of substrate temperature on the
structure and morphology of Mn,Si; film in
Mn(20 nm)/Si(100 nm)/Si(001) structure.
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Fig. 3. Effect of Sb surfactant on the struc-
ture and morphology of Mn,Si; film.

It has been established that an increase
of surfactant layer thickness influences the
morphology of Mn,Si; film and produces an
increase of the area occupied by silicide
(Fig. 3). At surfactant layer thickness of
1 monolayer, the formation of large grains
is suppressed and density of small grains
which inherit the substrate orientation is
increased [6—8]. The calculations have
shown that the surface diffusion coefficient
of Mn atoms is decreased by 6 orders, thus
resulting in suppression of large silicide
grains growth. The cross-section examina-
tion of the film sample by TEM show that in
the absence of surfactant, the silicide grains
grow on the substrate surface and when the
surfactant is present, those grow into substrate
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and film with smooth surface morphology is
formed.

Thus, the introduction of nanoscale Ti
and SiO, layers as diffusion controlling
layer (DCL) into the Co/Si film composition
provides a controlled growth of CoSi, epi-
taxial film on silicon single crystal by decel-
eration of the diffusion processes due to
formation of the Co3Ti,Si intermediate
phase that reduces the effective diffusion
coefficient of Co atoms to the solid-phase
reaction zone and provides the formation of
epitaxial CoSi, disilicide. The controlled
growth of epitaxial Mn,Si; silicide layers on
the single-crystalline silicon of (001) orien-
tation is provided by introduction of a
ultra-thin surfactant layer as a DCL be-
tween the Mn film and Si substrate, thus
providing a change in the film growth ki-
netics. The surfactant monolayer introduc-
tion cdauses a reduction in the surface dif-
fusion coefficient of Mn atoms on Si(001),
thus providing the layer-by-layer growth
mechanism oriented film of a film consist-
ing of small Mn,Si; grains inhering the sub-
strate orientation and formation of an epi-
taxial Mn,Si; silicide layer.
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BaraTomapoBi miaiBKoBi rerepocTpykrypu. Cuiinmuamu

C.I.Cudopenko, IO.H.Maxozon, E.Il.Ilaeénoea, C.M.Bonowro

ITogano mpuKJgagy OTPHMAHHS IeTEePOCTPYKTYP Ha OCHOBI HAHOPO3MIPHHX CHIIIUIHUX
ILUIIBOK y I'PAaHMYHUX cTaHaxX. [lokasaHo, 10 OTPMMAHHS HAHOPO3MIPHUX CHUJIINMUIHUX ILIiBOK
HeobOximuHoro ¢gasoBoro ckiaany 3abesmedyerbed (DOPMYBAHHAM MisK IIapPOM MeTaJy i ImigKJiai-
KO0 (MOHOKPHCTAJIOM KPEMHii0) 0COOMMBUX B30H, IIPOIIAPKiB pisHoro tumy — naudysiiiao-

KOHTPOJIUYNX IIapis.
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