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Kinetics of phase formation Sc/Si multilayers and Si/Sc/Si three-layers within the
temperature range of 130—400°C has been studied by cross-sectional transmission electron
microscopy and small-angle X-ray reflectometry. Growth of ScSi silicide governed by
diffusion kinetics was observed at all temperatures. Two growth stages of nonparabolic
and parabolic behavior were revealed. Initial nonparabolic stage is characterized by higher
diffusion coefficient, which decreases during annealing in 20 times due to silicide struc-
tural relaxation. After annihilation of excess free volume a transition to parabolic growth
takes place. Parameters of interdiffusion (activation energy E ~1 eV and pre-exponential
factor D = 410712 m2s71) were determined for parabolic growth stage.

Wsyuena xuHeTHKA (Pa3000pa3oBaHUs B MHOIOCIOMHBIX MNEPUOANUYECKUX IMOKPHITHAX SC/Si
W TPEeXCJOMHBIX CTPyKTypax Si/Sc/Si merogaMmu 3JeKTPOHHON MHUKPOCKOIMHM IIOIE€PEYHBIX
Cpe30B M MaJjIOyIJIOBOI PEeHTIreHOBCKON peduexTomerpuu. Poct cuauinuga ScSi mpu Bcex
TeMIepaTypax OTKNUra JUMUTHPyeTcs Aud@ysueii. YCTAaHOBJIEHO IBe CTAaAUU POCTA CUJIMUIIU-
Ia, TONUMHAIIIMXCSA HemapaboanduecKoMy U IapaboIMYecKOMy 3aKoHaM. IlepBoHauajbHAasd
HelmapaboJinuecKas CTaAus PocTa XapaKTepusyercs 0oJiee BLICOKUM Koa(pduimuenTom guddy-
3UM, KOTOPHI yMmeHblaercsi B 20 pas B mpollecce M30TEPMUUYECKOI'0 OTMKUTA BCJEICTBUE
CTPYKTYPHOH! pejlaKcalii CTPYKTYPLI aMopdHoro cuaunuga. [locjoe aHHUTAIANUNA CBOOOHO-
ro u3GLITOUHOI'0 00'beMa MPOUCXOAUT IIepPexo] K mapaboJuuecKoMy 3aKOHY POCTa CHUJIUIIUIA.
Cragus mapabGoJMuecKOro pocTa XapakTepuayeTcs sHeprueil aktuBanuum E = 1 3B u mpen-
2.-1

SKCIIOHEHIIUANIbHBIM MHOMUTEeJIeM Dy = 410712 p2¢7L,

Issues of diffusion and phase formation
in transition metal/silicon layered systems
are of great practical importance for up-to-
date silicon technological applications in
general and nanotechnologies in particular.
Silicides of transition metals are nowadays
widely used in semiconductor engineering,
owing to their low specific electric resis-
tances and elevated melting temperatures.
These factors led researchers to undertake
numerous experimental studies of diffusion
processes and phase formation in metal-sili-
con systems [1, 2]. Furthermore, a number
of multilayer periodic metal-silicon struc-
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tures were found to be very perspective as
reflecting components for X-ray and ex-
treme ultraviolet (EUV) optics (1<A<50 nm)
due to their high experimentally reflection
coefficients. As a good example, the Sc/Si
periodic multilayers with periods of
20-35 nm have proven to be very perspec-
tive for application over the wavelength
range of 35—50 nm [3]. Up to date, they are
widely used to control the X-ray laser-radia-
tion at A =46.9 nm [4], in X-ray micros-
copy [5] and in astrophysical research appli-
cations as well [6]. Optical properties of
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Fig. 1. Cross-sectional TEM images of the Sc/Si multilayers in as-deposited state (a) and after
annealing at T, = 210°C for 24 hours (b). Si substrate (not shown) is below.

X-ray multilayers depend greatly on the
presence of interlayers at interfaces be-
tween layers of basic materials. This fact
became a next stimulus to study the proc-
esses of diffusion and phase formation in
metal-silicon multilayer structures. In our
previous work, we determined basic mecha-
nisms of silicide formation in Sc¢/Si multi-
layers over the wide range of temperatures.
Temperature interval of mirrors stability,
type of chemical reactions and sequence of
silicide formation were determined in pa-
pers [7-9], and the fast diffusion species
was determined in [10]. The present paper
refers to a detailed study of kinetics of
silicide formation at initial stages which
generally defines the thermal stability of
X-ray Sc/Si multilayers.

Two types of samples were prepared: pe-
riodic Sc/Si multilayers consisting of thin
layers and three-layer Si/Sc/Si coatings con-
sisting of thicker layers. Period of multi-
layer (i.e., thickness of Sc/Si bilayers) was
H =35 nm with bilayer number amounted
to N = 20. Thickness of every layer in the
Si/Sc/Si layered composition was
100/277/100 nm, correspondingly. The
multilayers were used for studying initial
stage of silicide growth, while the later
stage was studied using the three-layers
(see below for details). All three-layers and
multilayers were fabricated by method of dec
magnetron sputtering in Ar environment
under ~2.6 Pa working pressure. To study
mechanisms and kinetics of silicide formation,
the samples were subjected to isothermal an-
nealing in a vacuum furnace at 1072 Pa, over
130°C—400°C temperature range. After anneal-
ing for about 1 hour samples were cooled down
and investigated by small-angle X-ray reflec-
tivity (SAXR) techniques with primary focus
to measure silicide thickness. The SAXR spec-
tra were obtained in (6-26) geometry at

A-CuK,; = 0.154051 nm with DRON-3M dif-
fractometer ("Burevestnik”, Russia) equip-
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ped with a silicon monochromator. Experi-
mental diffraction spectra were interpreted
by comparison of them with simulated ones.
The simulation of the diffraction spectra
were performed using Fresnel equations
[11-18]. In order to verify the results of
simulation some test-samples were selec-
tively studied by TEM techniques. Results
of the thickness measurements obtained by
both methods were in a good correlation.
The cross-sectional TEM studies were per-
formed in transmission electron microscope
PEM-U ("SELMI”, Ukraine) operated at
100 keV. The samples preparation proce-
dure was described in paper [14].

The cross-sectional TEM image of the
Sc/Si multilayer in as-deposited state is
shown in Fig. la. There are amorphous in-
terlayers of ~3 nm thick between the poly-
crystalline Sc and amorphous Si layers with
thickness of 9.8 nm and 19.3 nm, corre-
spondingly. The interlayers are some SCXSiy
silicide (alloy) formed during the deposition
of the multilayer. During isothermal an-
nealing at T,,, = 210°C, thickness of amor-
phous layers grew up at the expense of Sc
and Si layers (Fig. 1b). Monitoring the
change of Sc and Si thickness during an-
nealing, the mean stoichiometric composi-
tion of a growing amorphous alloy can be
estimated. For example: comparison of data
in Fig. la and Fig. 1b shows that 6.2 nm
Sc-layers and 4.9 nm Si-layers were con-
sumed in relevant chemical reaction to form
two silicide layers of near equal thickness of
~4.5 nm at Sc-on-Si and Si-on-Sc interfaces.
Thus, proportion of multilayer material
consumption made up 1.27/1.0. The total
thickness of each silicide layer, formed dur-
ing deposition process and subsequent an-
nealing amounted ~7.5 nm. There are a few
silicides in the binary Sc—-Si phase diagram:
SCSSi3, SC58i4, SCSi, SCS|122—SCS|167 (i.e.
Sc,Sis—Sc3Sig) [15]. The highest silicon con-
tent phase is widely non-stoichiometric.
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substrate

Fig. 2. Cross-sectional TEM images of the Si/Sc/Si

annealing at T, = 400°C for 1 hour (b).

Known densities of the scandium silisides
have close values (pSc58i3= 3.299 g/cm3, pgegi=

3.363 g/cm3, PSc.Si; — 3.393 g/cm?3) [16].

We can calculate the thickness ratio of
consumed scandium (Atg.) and silicon (Atg)
at formation of some silicide Sc,,Si, as:

Atge/ Atg = (mpsiMsc)/ (npscMs), (1)

where pg; and pg. are densities (pg; =
8.02 g/cm® and pgj = 2.83 g/cm3) and Mg
and Mg, are atomic masses of silicon and
scandium, respectively, m and n are coeffi-
cients in chemical formula of a siliside.
Calculated ratios Atg./Atg; made up 2.06,
1.54, 1.24 and 0.99-0.74 for the silicides
ScgSis,  ScgSiy,  ScSi,  ScSiy 5o—-ScSiy g7
(Sc4Siz—Sc3S5), correspondingly. The ex-
perimental ratio of Sc and Si volume frac-
tions (1.27/1.0) agrees well with theoretical
proportion (1.24/1.0) in reaction of ScSi
silicide formation. Thus, processes of
silicide formation in Sc/Si multilayers, at
temperatures up to 210°C, occurs under
solid-state amorphization reaction, resulting
in formation of amorphous ScSi: c¢-Sc +
a-Si —» a-ScSi. Further evolution of the
structure and phase composition of Sc/Si
layered systems (including transformations
between amorphous silicides, crystallization
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a-Si

substrate

three-layers in as-deposited state (a) and after

and decomposition of crystalline silicides)
was described in detail earlier [9].

The cross-section TEM images of Si/Sc/Si
structures, in as-deposited state and after
annealing at T,,, = 400°C for 1 hour, are
shown in Fig. 2a and Fig. 2b. It is evident
that ScSi formation in three-layer coatings
runs in a manner similar to that in multi-
layers. Again, comparison of Fig. 2a and 2b
shows that 54 nm of Sc and 483 nm of Si
was consumed in this chemical reaction, re-
sulting in formation of silicide layer 76 nm
thick. It means that Sc and Si are consumed
at the ratio of 1.26/1.0 and that composi-
tion of the silicide is the same for multilay-
ers and three-layers and agrees well with
the ScSi silicide stoichiometry. Thus, com-
position of the silicide at earlier and later
stages is generally the same, and does not
depend neither on the thickness of scan-
dium and silicon layers nor the silicide
layer thickness. Analysis of selected area
diffraction pattern has shown that anneal-
ing at T,,, = 400°C for 1 hour results in
formation of the crystalline ScSi silicide.
The crystalline ScSi can also be revealed in
the selected area diffraction pattern of the
three-layer sample annealed at T, = 850°C
for 11 hours. Note, that the thickness of
the silicide, when crystalline phase was just
detected, was =79 nm in both above cases.
Thus, the amorphous silicide forms at in-
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Fig. 3. Experimental (solid line) and calcu-
lated (dot line) small-angle X-ray (A=
0.154 nm) spectra for the Sc/Si multilayers
in as-deposited state.

itial stages of annealing and undergoes
crystallization at further stages.

To plot a dependence of the silicide
thickness on annealing time we used the
SAXR data. Fig. 3 shows SAXR spectra of
Sc/Si multilayers in as-deposited state. Up
here, we can identify about 25 Bragg reflec-
tion orders from periodical structure of the
multilayer. Angular position of peaks is de-
fined by the Bragg’s law, with account of
X-rays refraction effect. Referring to the
Bragg’s law and plotting the sin26 versus
n?A2/4 graph where n is order of Bragg
peak, we can compute value of period in the
multilayer with up to 0.05 nm accuracy al-
lowance. The diffraction spectra contain,
besides, the information on thickness of in-
dividual layers. This information can be ex-
tracted from the full set of Bragg peak in-
tensities. In general case, the intensity of
each Bragg peak is determined by interfer-
ence of radiation beams reflected from all
interfaces of the multilayer. As one can see
in Fig. la there exist four types of inter-
faces in Sc/Si coatings, such as: Si-on-ScSi,
ScSi-on-Sc, Sc-on-ScSi and ScSi-on-Si. At
the same time, TEM imaging and SAXR
spectra simulation techniques show that
roughness of ScSi-on-Sc and Sc-on-ScSi in-
terfaces is by far greater than that of Si-on-
ScSi and ScSi-on-Si ones. Since rough
boundaries of the Sc layer make a minor
contribution to resulting diffraction, the in-
tensity of Bragg peaks should mainly be de-
fined by position of ScSi-on-Si and Si-on-
ScSi interfaces, i.e. by Si layer thickness or,
more exactly, by ratio of Si layer thickness
to the period.
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Fig. 4. Experimental (solid line) and calcu-
lated (drop line) small-angle X-ray (A =
0.154 nm) spectra for the Si/Sc/Si three-lay-
ers after annealing at T,,, =300°C for
1 hour.

Knowing composition of the growing
silicide and Si layer thickness evolution, we
can predict the change of silicide thickness
during annealing, because both these values
are correlated together by ratio:

Ahg;/(2 - Ahggsg) = 0.554. (2)

This correlation is determined by the
ratio of molar volumes of both components
in 8Sc + Si—>ScSi chemical reaction, where
Ahg; denotes reduction of Si thickness, Ahg.g;
defines increment of silicide interlayer
thickness; and coefficient 2 accounts for ex-
istence of two silicide interlayers in each
period. The silicide formation reaction is ac-
companied by change of specific volume as:

AH = AhSC + Ahsl -2 Ah’SCSI’ (3)

where AH is the change of the multilayer
period and Ahg. denotes the reduction of Sc
thickness. Hence, evolution of silicide thick-
ness can also be evaluated by change of the
multilayer period (AH) as:

AhSCSI = 2.09 . AH. (5)

The SAXR diffraction curves for Si/Sc/Si
three-layers in as-deposited state and after
annealing at 300°C for 1 hour are shown in
Fig. 4. Character of intensity oscillations
for diffraction angles 26<2° is determined
mainly by thickness of the top silicon layer
(defined with accuracy of ~0.5 nm). Value
of silicide thickness can be calculated from
the Si consumption per ratio:

Ahg;/ Ahgegi = 0.554. (5)
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Fig. 5. Time dependences of squared thick-
ness of the silicide ScSi (k2 scs) in the multi-
layers on duration of isothermal annealing
process at T, = 210°C. The fitting curves
are shown as solid lines. The dark squares (W)
in the Figure correspond to the thee-layer
annealed at the same temperature.

Fig. 5 represent dependences of amor-
phous silicide thickness on annealing time
h2(t) for multilayers treated at tempera-
tures of 210°C. It is obvious that character
of the silicide growth is rather complicated.
On one hand, dependence of the thickness
on time does not manifest its linear charac-
ter (h~t), that means this process does not
obey the boundary kinetics. In other words,
process of silicide growth is not governed
by a chemical reaction of scandium and sili-
con at the interfaces but is limited by rate
of diffusion of Si or/and Sc atoms through
the silicide layer. On the other hand,
silicide growth does not obey the parabolic
law (k2 ~ t) at least at initial stage as it
should be in the case of diffusion kinetics.
The dependence h2 ~ ¢t becomes linear only
after long annealing at moderate tempera-
tures (Fig. 5). In order to provide a correct
comparison of results collected from multi-
layers and three-layers, it is necessary to
check out whether silicide growth rates are
equal in both cases and whether any size-ef-
fects appear. Time-dependence of silicide
layer thickness in three-layers at 210°C is
shown in Fig. 5 with dark squares. The
scatter in the three-layer data is much
broader than that in multilayer data (open
circles) because less precision of layer thick-
ness measurement for three-layers (Fig. 5).
Nevertheless, both dark squares and open
circles display a fairly good mutual agree-
ment along the joint characteristic curve
for both three-layers and multilayers.
Therefore, silicide growth rate does not de-
pend on thickness of Sc layers. Hence, com-
parison of results collected on three-layers
and multilayers can be regarded to as a
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Fig. 6. Time dependences of squared thick-
ness of the silicide ScSi (h2 scs) in the
Si/Sc/Si three-layers on duration of isother-
mal annealing process at T, = 300°C. The
fitting curves are shown as solid lines.

quite correct procedure. Dependences of
silicide growth on annealing time for three-
layers treated isothermally at 800°C are
presented in Fig. 6. The plots show quite
clearly that after initial stage of non-linear
growth, a transition to linear growth stage
occurs.

According to classic theory of reactive
diffusion a growth of an intermediate com-
pound occurs as a result of two successive
processes [17]. The first one is a diffusion
of reaction-involved components through
the layer of intermediate compound toward
the reaction zone. Kinetics of this process is
described by parabolic law (x2 ~ ¢), where x
is diffusion length (i.e. thickness of the in-
termediate compound) and ¢ is annealing
time. The second process is a chemical reac-
tion that takes place at boundaries of the
intermediate compound layer at a constant
time-independent rate. At initial stage of
growth, when thickness of the intermediate
compound is small (smaller than some tran-
sient thickness x%), the diffusion runs very
fast, because its rate is inversely propor-
tional to thickness as dx/dt ~ 1/x. At this
stage, chemical reaction is the slowest proc-
ess that specifies the constant rate (x ~ t) of
thickness growth. However, as long as the
silicide thickness is growing on, diffusion
rate is decreasing, and the diffusion be-
comes the slowest process when thickness
exceeds the value x“. Under these condi-
tions, silicide growth kinetics changes to-
wards a diffusion regime (x2 ~ #). Results of
this research show, however, that character
of amorphous silicide growth differs sub-
stantially from the classic behavior. The
stage of boundary growth kinetics of (& ~t)
is not observed. The section of the curve
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corresponding to the boundary kinetics is
absent in the Fig. 5 and 6. In terms of A2(¢)
coordinates this imaginary section should
look like an uprising curve. Thus, absence
of such an uprising curve-section at the
very beginning (or, at least, when silicide
layer thickness exceeds 8 nm) indicates that
the silicide growth process is limited by the
diffusion only and not by the chemical reac-
tion. In other words, value of transient
thickness x* for the Sc/Si system is likely to
be substantially below 3 nm.

Secondly, on initial stage of growth, the
parabolic law (k2 ~ t) is disobeyed, because
of dependence of squared thickness of the
silicide layer on time is not linear. In other
words, the effective diffusion coefficient is
not constant, but decreases during the an-
nealing as the angle of slope for curves
h2(t). For example, the diffusion coefficient
was ~2:10721 m2g71 for the first hour,
~0.8-10721 m2s~1 for the second hour and
~0.3-10721 m2s~1 for the eleventh hour of
annealing at 210°C. Below in this paper,
there is a discussion on possible reasons
that bring to slowdown of the silicide
growth, meaning such aspects as non-linear
diffusivity and structural relaxation of
amorphous layers during annealing. At
later stages, there occurs transition to re-
gime of classic reactive diffusion, whereby
dependence of squared thickness (#2) on
time (¢) becomes linear. The similar slow-
down of an amorphous silicide growth was
observed in due time in Mo/Si multilayers
[18, 19].

Keeping in mind that diffusion is going
on through the ultra-thin layers, size-ef-
fects have to be taken into consideration.
Having analyzed a case of reactive diffusion
through a very thin intermediate compound
layer, author of the paper [21] concluded
that the law of diffusion-flow proportional-
ity to concentration-gradient (J~dC/dx),
known as the first Fick’s law, would no
longer be obeyed if values of thickness fall
below ~10 nm. In regard to low thickness
values, the diffusion driving force (i.e. con-
centration gradient) becomes dramatically
large. In that case the expression for a dif-
fusion flow along with linear term (dC/dx)
contains also terms of higher order like
(dC/dx)3 and more, which contribution is
inversely proportional to the thickness x. In
other words, with low values of thickness,
dependence of diffusion flow on the concen-
tration gradient is very strong and non-lin-
ear, whereby mass-transfer processes be-
comes highly accelerated. In a non-linear
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diffusion model, there must theoretically
exist a certain critical thickness of transi-
tion toward the linear diffusion. It should
be noted here that this model does not sug-
gest any dependence of the critical thick-
ness on temperature of annealing. However,
judging by the situation in Fig. 5 and 6,
thickness of transition to the linear stage of
diffusion is different for the different tem-
peratures. One has to take into account that
the coatings were synthesized under far
non-equilibrium conditions (such as quench-
ing of vapor phase on a cold substrate). As
a result the coatings contain lots of non-
equilibrium vacation-type defects, excessive
free volume and so on [21]. Such kind of
defects facilitates the diffusion of silicon
and scandium atoms through the silicide
layers. However the defect concentration
decreases during annealing due to annihila-
tion of excessive free volume in layers of
amorphous ScSi, and the diffusion slows
down. This approach was applied particu-
larly in paper [22] to analyze the kinetics of
silicide growth in Mo/Si multilayer system.
According to the approach there is an addi-
tional term Dnonequilib' Of diffusion coeffi-
cient describing the diffusion through non-
equilibrium defects:

equili nonequilib (6)

b 1 (7)
nonequit (l/Dinitial+ d(l /Dnonequilih)/dt*t)

The longer the annealing time, the
smaller wvalue of non-equilibrium term
(Dnonequilib.) is; eventually it becomes negli-
gible.

The presence of the non-equilibrium term
of the diffusivity transforms the parabolic

law of growth (k2 = 4Dt) into:

2 _
he =4 1 1 +D
)/dt -
Dnonequilih (8)

equilib. | i

Dinitial

Taking into account the thickness of
silicide layer before annealing, Ay is not
zero, we finally obtain the relationship be-
tween A and t for silicide growth:

h? — h§ = )
1
=41 1 + Doguirin |~
+ d( )/dt - t
Dinitial Dnonequilib

This equation (9) was used to approxi-
mate experimental data on the silicide
growth. The fitting curves are shown in
Fig. 5 and 6 as thin continuous lines. This
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procedure allows one to determine correctly
the equilibrium diffusivity (i.e. the diffu-
sion coefficient at parabolic stage of silicide
growth at D, .5 pambollc) and to esti-
mate the d1f 51V1ty at initial moment of
annealing (D;,;;;,) as well. Resultant ap-
proximation curves are plotted in Fig. 5 and
6 with thin continuous lines. As fitting pa-
rameters, there were used coefficients of
diffusion at parabolic stage of growth
(Dparapotic) and those at initial moment of
anneahng (D;pitiq) at the annealing time
tann. = 0. Plots of Arrhenius dependencies
for Darabollc and D;,;;,; are shown in
Fig. 7. The activation energy E of diffusion
on parabolic section of silicide growth curve
and the pre-exponential factor makes up
1.0 eV and Dy = 4-10712 m2s™1 correspond-
ingly.

Earlier using diffusion marks method,
we have found that the silicon is the fast
diffusion species in Sc-Si system [9]. The
intrinsic diffusivity of silicon in ScSi was
found to exceed one of scandium by factor
of 20. Therefore, the diffusion parameters
involved (i.e. activation energy and pre-ex-
ponential factor) are relevant to diffusion
of Si atoms through the amorphous ScSi
silicide. Arrhenius plots yield low values of
activation energy (E = 1.0 eV) and pre-ex-
ponential factor (Dg = 410712 m2s71) for
the diffusivity. Such the low values of dif-
fusion parameters are typical for many
amorphous alloys, thus confirming the
known models on collective mechanisms of
diffusion in amorphous materials [23]. In
our research the scandium silicide was
amorphous at all stages of annealing of
multilayers and at initial stage of annealing
of three-layers. The crystallization of amor-
phous silicide was observed at the later
stages of annealing of tree-layers (T,,, =
400°C, t,,,<1 hour and T,,, = 300°C,
tann<11 hours). We did not observe any no-
ticeable changes of the activation energy
during amorphous-to-crystalline transition.
The most probable explanation of this fact
may be related to a poor perfection of the
silicide structure being formed under mod-
erate temperatures of annealing. In the case
the diffusion along the numerous defects of
nanocrystalline silicide, such as dislocations
and grain boundaries, plays the basic role.
As the activation energy of diffusion along
the crystalline structure defects is substan-
tially lower as compared to that in volume
of a perfect crystal, the activation energy
of diffusion in the nanocrystalline silicide
remains rather small.
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Fig. 7. Arrhenius plots for diffusion of Si
atoms through the silicide ScSi at the initial
stage I — (non-parabolic law) and at late
stage 2 — (parabolic law) of silicide growth:
E = leV, D, = 3.75:1012 m%s’!

ScSi silicide is determined to form in
Sc/Si layered systems annealed over the
130—-400°C temperature range, as a result
of the chemical reaction: ¢-Sc + a-Si
— a(c)-ScSi. At initial stage of growth, the
scandium silicide is amorphous. As soon as
the silicide layer is thick enough, the crys-
tallization of the amorphous ScSi occurs
(T = 400°C, ¢,.,<1 hour and T

ann ann— ann =

300°C, t,,,<11 hours). The silicide composi-
tion and its growth rate do not depend on
thickness of Sc and Si layers. Growth of the
silicide from the very beginning (x>3 nm)
obeys to diffusion-controlled kinetics. The
stage of reaction-governed (h-~%f) kinetics
was not revealed. Diffusion of Si atoms
through the silicide layer is characterized
by low values of activation energy (1.0 eV)
and pre-exponential factor (Dy = 410712 m2s71).
The initial stage growth of amorphous
silicide has an explicit non-linear behavior
and the parabolic law h2~t is disobeyed. The
stage is characterized by decrease of diffu-
sion coefficient by factor of 15—20 due to
structural relaxation of amorphous silicide.
At the isothermal annealing the transition
to the classic parabolic law of the silicide
growth occurs as annealing time increases.
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ITouaTkoBi cragili nudysii i (pa3oyTBOPEeHHA
B IMapyBaTux cucremax Sc/Si

A.J1.Boponose, €. M.3y6apes, B.B.Kondpamenko,
IO.11.Ilepwun, B.A.Ceéprworoéa, €.A.Byzaeé

Busueno kKiHeTmry (PasoyTBOpeHHA y 06araTromapoBHX IOKPHUTTAX SC/Si i Tpummaposumx
cTpyKkTypax Si/Sc/Si meromamu ejsekTpoHHOI MiKpockomii momepeunHux 3pisiB i penTrenis-
cbKoi MajoKyTOBOI peduexTomerpii. 3pocranusa ToBmuHU cuainury SCSi npu Beix Temmepa-
Typax Bipmany jgimityerbca mudysiero. BeranoBieHo nBi crazii pocty cuainupy, aki Bifmosi-
JaoTh Hemapabosiunomy i mapabosiunomy 3akonaMm. IlepBuHHa HemapaboJsiuHa cTagis pocty
XapaKTepusyeThesa OiabmuM Koedinientom audysii, axuit smenmyerbea y 20 pasiB y mpo-
meci isorepmiuHoOro Bigmasy fAK HACHiZOK CTPYKTYpPHOI pesakcalii cTpyKTypu amop(HOIo
curinuny. Cragia mapabosiuHOTO pPOCTYy XapaKTepusyeThes eHepriero aktuBanii £ =1 eB i

TIepeIeKCIIOHEeHI1aIbHUM MHOMKHUKOM Dj = 410712
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