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%e analyze the structural, vibrational, and elastic properties of epitaxial novel FeSi films on Si(111)in
the CsC1 structure by Rutherford-backscattering spectrometry, x-ray-diffraction, infrared transmittance/
reflectance, and Brillouin-light-scattering measurements. By comparing our results for different film

thicknesses and by interpreting them on the basis of semiempirical total-energy calculations, we are able
to relate the changes in vibrational properties with the progressive strain relaxation as a function of sam-

ple thickness. For the thickest film (890 A) we obtain indications that a structural transition to the
(bulk) e phase is about to take place.

I. INTRODUCTION

Very recently, the successful synthesis of a novel FeSi
phase with the CsCl structure has been reported by three
of us epitaxial films as thick as several hundred A were
grown by molecular-beam epitaxy (MBE). We are now
interested in improving the understanding of the
structural, elastic, and vibrational properties of this
phase. The main question to be addressed in this paper is
how these properties depend on the thickness of the films.
Rutherford-backscattering spectrometry (RBS) and x-
ray-difraction (XRD) data indicate increasing strain re-
laxation with film thickness, which is likely to affect both
the optical vibrations and the elastic constants. Infrared
and Brillouin measurements on different samples are ana-
lyzed and compared to semiempirical total-energy calcu-
lations, fitted onto ab initio results of the electronic struc-
ture. In particular, we present below a summary of the
sample characteristics (Sec. II), the description of the ex-
perimental measurements (Secs. III and IV), a brief out-
line of the calculation procedure (Sec. V), and a compara-
tive discussion of our results (Sec. VI).

II. GROWTH AND SAMPLE CHARACTERISTICS

The FeSi films were grown on Si(111)in a two-step pro-
cedure. Either two monolayers of pure Fe or an ultrathin
FeSi2 template (10 A) were deposited first, followed by
molecular-beam epitaxy up to the desired thickness with
the substrate maintained at room temperature (RT). De-
tails of the procedure can be found in Ref. 2.

Films grown in this fashion exhibited a 1 X 1 pattern in
refiection high-energy electron difFraction (RHEED) and
intense Kikuchi bands typical for a cubic structure with
the [111]axis aligned with that of Si. The lateral orienta-
tion of the silicide was determined to be of type B, i.e.,
the films are totaled by 180 degrees around the Si[11lj
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FIG. 1. Trigonal strain e, =A|I—e, as a function of film thick-
ness as measured by x-ray diffraction (open symbols) and by
Rutherford-backscattering channeling (filled symbols). The
dashed-dotted curve is a guide to the eye.

surface normal. The CsC1 structure was assigned to this
new, epitaxially stabilized3 (or pseudornorphic ) monosili-
cide phase on the basis of consistent diffraction informa-
tion obtained by transmission electron microscopy
(TEM), XRD, and RHEED. When the difFraction pat-
terns or Kichuchi bands are indexed according to a cubic
unit cell with the Si lattice parameter as;, all reflections
with odd order indices are found to be absent, as expect-
ed for the CsCl structure with a lattice parameter close to
as;i2. ' The thickest sample that we obtain with such
characteristics corresponds to 890 A, since for larger
thickness the e phase is always generated. XRD and
RBS channeling through off-normal channeling minima
of substrate and overlayer showed that the films are un-
der a homogeneous compressive strain up to a critical
thickness h, of the order of 70 A, at RT. Actually, the
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III. INFRARED MEASUREMENTS

Transmittance and re6ectance measurements in the far
infrared (FIR) were performed with a Fourier transform
spectrometer on several samples of difFerent thicknesses
and on a piece of Si substrate used as reference. The
transmittance data were normalized to the transmittance
of the Si substrate, in order to extract only the contribu-
tion from the films. This contribution can be divided into
two parts: one is a large continuum due to free carriers,

1..0 I I I
I

I I I I
I

I I I I I I I I

0.8

0.6
Uz ~HO

4 0.4 =--"- ""
U

~ ~ 0

~ o ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~~ ~

~ ~
~ ~ ~ ~ ~ ~
~ ~~f

I I I I I I I I

I I
I

I I I

Si 350 A
\a~

~as oaC»

Si 62k.

Fesi 50 A
~ ~~ ~ ~ ~ ~ eo ~0 ~ tO ~ ~~ ~ ~ ~ y ~ ~ ~ ~ ~

I I I I I I I I I I
I I I I

I
I I I I

0.8

0.6
Uz

0.4

0 0.2 ~0

~ ~

~ 0
~ 0

FeSi 5
~ ~ ~ ~

~ ~ ~o ~

~ e

s I I i & I & I i I & i I ~00
250 300 350 400

WAVE NUMBER (cm ')
450

FIG. 2. Refiectance (a) and absorbance (b) results for FeSi
films of different thicknesses, from 50 A (at the bottom) to 890
A (at the top).

biaxial stress originates from the lattice mismatch be-
tween Si and FeSi, since the lattice constant of the latter,
a„,s;=2.77 A, exceeds half the Si lattice constant by
-2%. The resulting trigonal distortion e, =Eii ei of the
lattice, where e~~ and E'g denote the strain parallel and per-
pendicular to the substrate, respectively, turns out to be
substantial, as can be seen in Fig. 1, where e, is plotted

0
against the film thickness h. Above -70-A biaxial strain
relaxation sets in, generating a reduction of the trigonal
distortion. In reality the situation is somewhat compli-
cated by the fact that the step structure associated with
the finite unintentional misorientation of the substrate
may give rise to uniaxial strain relaxation of B-type
oriented films, irrespective of their thickness. For this
reason the shift of the phonon frequencies (see below)
were compared with the actual trigonal distortion E„as
determined for each individual sample, rather than tak-
ing e, (h) from the interpolated curve shown in Fig. 1.

confirming the metallic character of FeSi(CsCl), the
second is a single small absorption structure, correspond-
ing to the transverse optical (TO) phonon of FeSi. The
absolute values of the reflectance as well as those of the
absorbance increase for increasing thickness of the film.
In all the investigated samples both kinds of measure-
ments yield a single absorption structure, with an intensi-
ty of a few percent, at an energy between 335 and 351
cm ' (see Fig. 2). The energy of the phonon can be de-
rived directly from the spectral position of the maximum
in the absorption (or reflection) peak and the bandwidth

y from its width at half maximum (after background sub-
traction). The 350-A sample exhibits a lower frequency,
coo=335 cm ', than the 62-A sample with coo=348 cm
and the 50-A sample for which coo=351 cm '. The 890-
0
A sample shows a peak at about 348 cm ', but some
small satellite structures appear in reflectance as well as
in absorbance measurements. The bandwidths do not
show any clear dependence on the samples, being all of
the order of 40 cm

The values obtained by absorbance and by reflectance
agree within 1 cm ' for the energies and within 5 cm
for the bandwidths. The thickest sample forms an excep-
tion, both methods yielding different line shapes (Fig. 2).

We also used a model to fit the re6ectance spectra,
with one Lorentzian oscillator and a Drude term describ-
ing the optical response of a layer on Si. The best fit
values of the phonon energy agree very well with the ones
reported above: only the frequency of the 350-A sample
lies too low (326 cm '). The y values obtained from the
fit increase for increasing film thickness, passing from
about 25 cm ' for the 50-A sample to 60 cm ' for the
350-A sample. Again the 890-A sample, where a poor fit
was obtained, does not follow this trend, suggesting that
some effect other than strain relaxation might have oc-
curred.

For the three thinnest samples a simple correlation can
be found between the energy of the peak and the stress in-
duced by the trigonal distortion due to the epitaxial con-
straint on Si(111). Such a distortion measured by RBS
and XRD on the same samples gives e, =3.5, 3.2, and
2.4% for the 50, 62, and 350-A sample, respectively, in
good correlation with the measured phonon energies.

As far as the bandwidth is concerned, one needs to be
more careful. We could argue that samples with
coherent interfaces (i.e., the thinnest) should have a lower
y, and this is the case for the results obtained from the
fits. On the other hand, the value of y is sensitive to
stress, inhomogeneities, defects and to the electron-
phonon interaction and it is not always clear in which
direction these effects act in a very thin layer. As men-
tioned above, the results for the thickest sample (890 A)
deviate considerably from the general trend found for all
the others.

IV. BRILLOUIN MEASUREMENTS

Brillouin scattering from long-wavelength surface
acoustic waves (SAW's) was used to determine the whole
set of elastic constants, c», c~, and c&2 of the FeSi films.
The measurements were performed with the TM-
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polarized 514-nm line of an argon laser at an incident
power below 40 mW, in order to avoid excessive heating
of the samples. The backscattered light was analyzed
with a (3+3}-pass Fabry-Perot tandem interferometer.
The scattering geometry was determined by the angle 0
between the sample normal and the incoming wave vec-
tor ko of the light. Due to the high optical absorption of
the specimens, only the in-plane component of ko was
conserved and the in-plane wave vector q of the SAW, as
sampled in the backscattering geometry, is given by
q =2kosine. By adjusting the incidence angle between 30
and 70', which is the experimentally accessible range, the
length of the in-plane scattering vector q could be varied
between 1.2 and 2.3X10 A: This corresponds to a
change in the acoustic penetration depth from 1000 to
3000 A. In the case of thin films, the velocity of a SAW
along a fixed direction on the surface (vsAw) is a function
of the elastic constants c;, the density of both substrate
and film and the product qh (qh dispersion), where h is
the film thickness. At fixed film configuration and thick-
ness, it is possible to use the elastic continuum model de-
scribed in Ref. 7 in order to fit vsAw to the qh dispersion
of our data (Fig. 3) with the c," as fitting parameters. In
particular, by applying the Levenberg-Marquardt pro-
cedure for nonlinear least-squares fitting~ it is possible to
get simultaneously c», c44, and c,2 of the film alone, pro-
vided the elastic constants and density of the substrate
along with the density of FeSi (p=6550 kg/m ) are kept
constant. On a (111)-oriented plane vsAw is about 95%

4600

of the bulk shear velocity U,h„, and the bulk velocity
along the [110] direction is given by v,h„, =(1/(2p)(c»—cia)}. Therefore, the SAW velocity is mainly depen-
dent on the difference c» —c,2, the shear modulus. This
influences the fitting procedure in the following way: c»
or c,2 alone have less weight on the fitted qh dispersion
than the difference c» —c,2. As a result, the uncertainty
for c» and et& is typically around 8%, whereas it is 4%
for c» —

c&2. In order to improve our accuracy also for
c44, we measured the dePendence of vsAw on the azimu-
thal angle in the (111)plane. This was achieved by rotat-
ing the sample around its surface normal and selecting
SAW s propagating in different directions, at fixed length
of the in-plane scattering vector. The dependence of
vsAw on azimuthal angle is called angular dispersion. Be-
cause of the sixfold symmetry, we varied the angle only
from 0 to 30 degrees, starting from [110]. The angular
dispersion (see Fig 4) wa.s fitted by the same procedure as
mentioned above. In Fig. 3 we report the qh dispersion
for SAW's propagating along [110] on two films with
thicknesses of 350 and 890 A, respectively. The velocities
have been measured at five different values of the SAW
wave vector for each film and no higher-order (Sezawa )

modes were detected. The negative slope of the qh
dispersion of the surface acoustic mode indicates loading
of the substrate, i.e., vszw on FeSi(CsC1) is lower than
Us„w on bare Si. For small values of qh the SAW is
strongly coupled to the Si substrate and Us~w is mainly
determined by the elastic properties of the latter. As a
consequence, the thinnest films (with h =50 and 62 A)
were not considered in the Brillouin measurements.
Moreover, we performed a separate fit of the elastic con-
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FIG. 3. qh dispersion of the surface acoustic mode measured
on FeSi(111) films with the CsC1 structure on Si(111) with

0
thicknesses of hl =350 A (filled triangles, low-qh range) and
h&=890 A (filled squares, high-qh range). The direction of
propagation is [110]. The open squares denote surface-
acoustic-wave velocities on polycrystalline t -FeSi films with the
same thicknesses. The error bar for the velocity is in the range
of 1 —2%%uo. The horizontal error bar is due to the uncertainty in
the film thickness of about 10%. The full curves 2 and 3
through the data points are the result of a fit yielding the elastic
constants of Table I. Curve 1 is computed with the set of elastic
constants estimated by our semiempirical method for 8=240
GPa (Table I). Curve 4 was computed with the elastic constants
for e-FeSi (Ref. 10).
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FIG. 4. Angular dispersion of SAW's propagating along the
indicated directions on the 350- and the 890-A film (filled trian-
gles and filled squares, respectively). The full curves have been
computed with the elastic constants described in the text and in
Table I.
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TABLE I. Theoretical elastic constants of FeSi with the CsC1 structure and corresponding experi-
mental results obtained by Brillouin scattering on thin films. B is the bulk modulus and g the anisotro-

py ratio (see text). (a) Estimate based on the experimental anisotropy ratio (b), while the Keating ex-

pression for semiconductors would give approximately 70. The c;; and Bare given in units of GPa.

Material Structure c» C12 C11 C12 Ref.

FeSi (theory)
FeSi (theory)
FeSi (350 A)
FeSi (890 A)
e-FeSi
CsC1

CsC1
CsC1
CsC1
CsC1
B20

313
291

308+20
322%20

306
364

41'
42'

75+15
108215

131
80

238
215

180+20
128220

16
92

75
76

128+5
194%5

290
272

1.1 263 (Refs. 1 and 17) This work
1.1 240 This work
1.1 222 This work
1.1 192 This work
0.9 112 10
0 6 117 18

stants for the 350 and the 890-A film, since the FIR mea-
surements indicate that they are somehow different. The
result of our fit are summarized in Table I. For these fits
to the experimental data we chose c44 in such a way that
the anisotropy constant g=2c44/(c» —c,2) was close to
one (quasi-isotropic case), even if it is likely not to be the
case for the sample wit h =350 A, where the trigonal dis-

tortion is still not negligible. Anyhow, as mentioned
above, the choice of c~ does not significantly influence
the qh dispersion and plays a minor role.

For sake of comparison, the experimental qh dispersion
obtained on polycrystalline e-FeSi films is added in Fig. 3.
In fact, both the h, =350 A and the hz=890-A-thick
FeSi(CsC1) films were annealed at 350'C and hence
transformed to the polycrystalline e-FeSi phase. It is
clearly seen that the presence of e-FeSi leads to an in-
crease of the SAW velocities due to the completely
different elastic properties of this phase. In Fig. 3 we in-
cluded also the calculated qh dispersion (solid line) by the
elastic constants of e-FeSi given in Ref. 10.

The FeSi (CsC1) c; 's for h, =350 A and h 2
=890 A

provide corresponding usAw which fit equally well the ex-
perimental dispersion of Fig. 3 and the angular dispersion
of Fig. 4 with q =0.0023 A (solid lines). The slight an-
gular dependence of the velocity on the thinner film is
mainly due to the elastic anisotropy of the underlying Si
substrate which results in a sixfold symmetry of the angu-
lar dispersion"' [the anisotropy ratio ri for Si amounts
to 1.56 (Ref. 7)]. For the thicker film the deviation from
a constant value is within the measurement error of
1 —2% and indicates quasi-isotropy of the film itself, as
should be expected for the bulk structure.

It is clear that the two sets of elastic constants for
h ] =350 A and h 2

=890 A differ and that by increasing
film thickness a trend in c» —c,2 and the bulk modulus is
present towards the corresponding values for e-FeSi (see
Table I). In Sec. III we have already see that the vibra-
tional properties of the h2 =890-A film do not follow the
general trend for the CsCl structure. In order to resolve
this apparent ambiguity theoretical support is needed,
which is able to correlate and interpret the data for the
vibrational and the elastic properties.

V. CALCULATION PROCEDURE

U„~=P exp —a

where dn is the Fe-Si equilibrium distance. Total-energy
variations corresponding to frozen-phonon displacement
patterns and to elastic deformations are estimated by
scaling the TB Slater-Koster parameters' with
Harrison's universal laws' and by explicitly introducing
the actual atomic positions into the analytic repulsive po-
tential, which is summed up to the second-nearest neigh-
bors. The TB parameters (see Table II), which include
Fe-Fe interactions, have been found by fitting the TB
band structure onto the one obtained by a self-consistent
full-potential linearized augmented plane-wave (FLAPW)
calculation. "7 The two repulsive parameters (a, P) are
estimated by imposing equilibrium and stability condi-
tions on the total energy and by using the experimental
lattice constant a and the FLAPW bulk modulus 8 (Ref.
17) (Table III). In short, this method can be considered
as an interpolation of ab initio results, which, however,
turns out to be much more flexible and computer-time
saving than the self-consistent total-energy calculations.
In Fig. 5 we display the cohesion-energy curve for isotro-
pic volume deformation, as calculated by our semiempiri-
cal method (solid line). Open circles are the FLAPW re-
sults and we see that the agreement is very good. Elastic
constants, c» and c &2, are readily evaluated by the energy
variation hE", corresponding to a suitable rectangular
deformation of the xz plane, with no relaxation along the
y axis (x ~x +5,z —+z —S,y ~y ) (Ref. 13)

2SE"cii=B+
3V5

(2)

lication by two of us, concerning the elastic properties of
NiSi2, CoSiz, and FeSi2. ' It is based on the partition of
the total energy into a band-structure contribution and a
repulsive potential. The former is calculated as a summa-
tion of semiempirical, tight-binding (TB) electronic states
up to the current Fermi energy. The latter is an exponen-
tial two-body function, which takes into account the
quantum-mechanical repulsion of the electronic orbitals'

The calculation procedure that we adopted in the
present work has been described in detail in a recent pub-

hE"c)2=B—
3 Vo5

(3)
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TABLE II. TB parameters for. FeSi in the CsCl structure (eV), where d is the interatomic distance.

d (A) $$0 $po ppo pp 7T Sd0 pdo pdm ddo. ddt. dd5

Fe-Si 2.35
Si-Fe 2.35
Si-Si 2.72
Fe-Fe 2.72

—1.08 1.33
—1.08 1.09
—0.89 1.44

1.46 —0.71
1.46 —0.71
2.54 —1.02

—1.20 —1.09 0.74

—0.69 0.25 0.07

E($) E(p) E(d)

Fe
Si

5.16 6.45 —1.92
—5.44 2.52

The estimation of c44 is not straightforward in our pro-
cedure, since relaxation of atomic positions is here in-
volved, ' so that we evaluated it by assuming the same
anisotropy parameter of the Brillouin fit (r1=1.1). Our
results are reported in Table I.

The frozen-phonon distortion-energy b Er'", corre-
sponding to the TO mode at the I point, is evaluated for
a counterphase motion of Fe and Si atoms with the center
of mass at rest and no change of the cubic unit cell. The
phonon frequency co and the anharmonicity contributions
(if any) are then given by

b E~"=g M, co u, ++—4ah

S S

3

+8(u ), (4)

where the sum runs over atoms s =Fe, Si, and
Mi;, u„,= —Ms;us; with u, along (111), and no cubic
anharmonicity is present in this case (a=0). By using
the FLAPW estimation of 8 (263 GPa) our evaluation of
the TO frequency (346 cm ') is slightly higher than the
experimental finding for the low-stress situation (335
cm '). Such overestimation of the optical frequency on
the basis of the bulk modulus fitting could be a physiolo-
gic feature of the TB method, still, in our case, the input
value of B is not experimental and an overestimation up
to 10% is not uncommon in first-principle predictions.
Therefore it could be more safe to adjust the input value
of B in such a way that the best agreement with the ex-
perimental TO frequency is obtained (somehow a fre-
quency fitting) and to use it for complementary calcula-
tion of the elastic constants. In fact, if we lower B by
10% (240 GPa), we obtain an estimation of coo, which is
well within the experimental error for the FIR data (332
cm ', see Table III). The elastic constants calculated

with this bulk modulus are also displayed in Table I, but
no significant change is found with respect to the key
quantity c» —c&2. We have finally estimated the frozen-
phonon frequency of the longitudinal-acoustic (LA) vi-
bration at the Brillouin-zone boundary, along the [111]
direction (R point), which is degenerate by symmetry
with the transverse-acoustic (TA) frequency. It turns out
to be 156 cm ' for B=240 GPa. Our accuracy, howev-
er, is lower than the one for the prediction of the TO
phonon at 1, due to the larger fluctuations in the
bE""(u„,) curve, which we interpolate by a polynomial
function. ' The theoretical estimation of U,b,„along
[111],as deduct by a sine-like fitting of the TA dispersion
along this direction, turns out to be 2461 in/s, in good
agreement with u, t,„, in the (111) plane (2409 m/s), as
calculated by [I/(2p)(c» —c,2)]. This feature is expect-
ed for nearly isotropic materials, so that consistency be-
tween frozen phonon estimation and elastic constant re-
sults is also confirmed.

.4

P (keV}

TABLE III. Repulsive parameters P and a, along with the
input values for ao and B, and calculated frequency of the TO
phonon at the I points.

ao (A) B (GPa) a a(cm ')

2.65
I

2.7
I

2.75
I

2.8
I

2.85

LATTICE CONSTANT (~)

I

2.9

FeSi
FeSi

2.77
2.77

263 (Ref. 1)
240

2.79
2.09

7.84
7.53

346
332

FIG. 5. Cohesion energy as a function of the lattice constant.
Solid line is the TB calculation, open circles are FLAPW re-
sults.
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VI. DISCUSSION AND CONCLUSIONS

We have seen that the experimental IR transmittance
and re6ectance measurements provide a broad vibration-
al peak (identified with the TO mode) which shifts to
higher frequency with increasing strain in the film. Al-
though the strain is actually biaxial, its hydrostatic com-
ponent —,

' Tre =
—,
' (2@i+ei) corresponds to nearly 1%

0

compression when moving from the 350-A sample to the
62-A one and the relative shift in TO frequency is 13
cm . This is in quantitatively confirmed by our calcula-
tions, since we obtain an increase of 11-24 cm ' for the
TO frequency, by introducing an isotropic compression
of the lattice parameter by 1 —2%, respectively. Taking
for granted the lowering of the frequency with strain re-
laxation and& in turn, with sample thickness, the increase
for the 890-A film seems to indicate that some effect oth-
er than strain relaxation is taking place in this sample.
We have performed x-ray measureinents on one piece of

a
the 890-A sample (as-grown) and on another one which
was annealed just at 200'C (well below the transition
temperature in the ordinary, thinner films). The same
thing was done for the 350-A sample. In the latter case
the intensity of the CsC1 peaks decreased in the annealed
portion by no more than 20%, which means that by large
the structure does survive. The 890-A sample, however,
is completely transformed by the annealing, since almost
the entire intensity of the CsC1 peaks vanishes. Actually,
we discovered something even more interesting, i.e., the
trigonal distortion of the 890-A sample to be lower than
the 350-A one not because e~~

is smaller (relaxation), but

(E(~ 6i) is smaller and the hydrostatic component is
larger. Probably, an isotropic compression sets in, which
drives the lattice parameter towards the silicon one

(E(~
—Gi). This explains the higher vibrational frequency,

which increases with compression.
By considering the experimental elastic constants de-

rived from the SAW data for the 890-A sample (see Table
I and Fig. 3},we find a big discrepancy with the theoreti-
cal evaluation of c&z, both for B=263 GPa and B=240
GPa. On the other hand, the experimental data give rise
to a B value of 192 GPa (Table I), which is much below
the one predicted by the FLAPW calculation and well
outside the estimated error of the local-density approxi-
mation employed in the FLAPW method. Thus, we used
our theoretical set of elastic constants for B=240 GPa as
input parameters for the calculation of the dispersion re-
lation of us~w. The resulting curve (labeled by 1) is also
shown in Fig. 3. We note that the experimental data for
the 350-A sample, visible at small qh, are closer to the
theoretical dispersions and this is evident also by inspec-
tion of the corresponding values for the elastic constants
(Table I). The discrepancy between the two is probably
due to residual strain effects in the 350-A sample, which
is not completely free from biaxial compression, but the
values for the 890-A sample are really far oK By consid-

ering the elastic constants and the bulk modulus of the e
phase (Table I), we note that the corresponding values for
the 890-A sample are shifted towards these characteristic
values (small c,2 and small 8).

On the other hand, it is fair to stress that the results of
the structural characterization do not give direct evi-
dence for a modification of the crystal structure of the
890-A sample, even if it turns out to be clearly not homo-
geneous. The RBS minimum channeling yield of 8.9%
found for the [111] direction and the intensity of the
room-temperature x-ray diffraction peaks, even if
broadened, seem to rule out the possibility that a large
portion of the film has undergone the phase transition.
Plan-view transmission electron microscopy confirmed
the CsC1 structure to be present in more than 90% of the
film area. It is not clear if the few grains of y-FeSiz found

by this method are an artifact of the thinning procedure.
Moreover, the temperature dependence of the electrical
resistivity indicates no substantial deviation from the
behavior found for the 350-A film, as could be attributed
to a change of the crystal structure. '9 The question now
remains: What happens in the thickest sample, where an
isotropic compression sets in which affects the vibrational
frequency and the elastic constants? The origin of such
effect could be addressed, in our opinion, to the homo-
geneously dispersed appearance of e-phase micrograins
(less than 10% with respect to the CsC1 phase), which
display a larger volume per atom (11.16 and 10.28 A, re-
spectively}, so that isotropic compression is generated.
This nanophase configuration could explain the broaden-
ing of room-temperature x-ray peaks, the satellite peaks
in the FIR spectra (actually a local probe} and the shift of
the elastic constants (a mesoscopic information} towards
the e-phase values. As the sample is annealed, we en-
visage the micrograin size to grow up to the polycrystal-
line configuration of the e phase. This view is supported
by the dispersion relation of Us~w for polycrystalline FeSi
in the e phase (Fig. 3), which lies above that of the 890-A
sample.

Obviously, this is just a speculation. More theoretical
and experimental studies will be required in order to
work out the actual situation of pseudomorphic FeSi
samples at the upper limits of film thickness, somehow
well beyond the usual range of substrate-originated stabli-
zation.
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