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Resonant Raman scattering in ion-beam-synthesized Mg,Si in a silicon matrix
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Resonant Raman scattering by ion beam synthesized in silicon matrix Mg,Si phase is studied. The samples
are prepared with the implantation of 24Mg+ ions with dose 4 X 10!7 cm™2 and with two different energies 40
and 60 keV into (100)Si substrates. The far infrared spectra are used as criteria for the formation of the Mg,Si
phase. The Raman spectra are excited with different lines of Ar* laser, with energies of the lines lying in the
interval from 2.40 to 2.75 eV. The resonant scattering can be investigated using these laser lines, as far as
according to the Mg,Si band structure, there are direct gaps with energies in the same region. The energy
dependences of the scattered intensities in the case of the scattering by the allowed F,, and the forbidden
LO-type modes are experimentally obtained and theoretically interpreted. On the base of the investigation
energies of the interband transitions in the Mg,Si are determined. It is found also that the resonant Raman
scattering appears to be a powerful tool for characterization of a material with inclusions in it. In the particular
case it is concluded that the Mg,Si phase is present in the form of a surface layer in the sample, prepared with
implantation energy 40 keV and as low-dimensional precipitates, embedded in the silicon matrix, in the
sample, prepared with the higher implantation energy.
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I. INTRODUCTION

In recent years there has been continuously increasing in-
terest in a new class of semiconducting materials—the tran-
sition metal silicides. Metal silicides have been widely used
in silicon device technology for many years. Most of them
exhibit good metallic properties suitable for use as gate elec-
trodes and interconnections. The compound Mg,Si is among
the few semiconducting silicides. The semiconducting sili-
cides are compatible with the well-developed silicon technol-
ogy and provide new prospects for silicon-based integration.
Possible applications are in thermoelectricity, photovoltaics,
and optoelectronics. On the other hand, due to the large
abundance and nontoxicity, the semiconducting silicides
have attracted much interest as environment friendly materi-
als.

The Mg,Si is the one of the scarcely studied among semi-
conducting silicides mainly due to the difficulties in the
growth of the material. The Mg,Si is the only silicide in the
system Mg-Si and according to the Mg-Si phase diagram' it
melts congruently at 1085 °C. Nevertheless, during the
growth from melt one has to take care about the considerable
evaporation of the Mg component as far as the boiling point
of the pure Mg is very close to the compound melting tem-
perature.

The phonon modes dispersion curves of Mg,Si have been
calculated by several authors.>”® The compound is a cubic
semiconductor that crystallizes in the antifluorite structure
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with one molecular unit per primitive cell and four formulas

per fcc unit cell, space group Fm3m. With three atoms per
unit cell, group theory predicts six optical branches in the
vibrational dispersion curves, which degenerate into two tri-
ply degenerate points in the center of the Brillouin zone, at
wave vector ¢=0. The symmetries of these two points are
described by F,, and F,, irreducible representations of the
group and correspond to the zone-centered Raman-active and
infrared-active phonons, respectively. Because of the macro-
scopic electric field, associated with the F';,, mode, there is a
TO-LO splitting at ¢=0 for this phonon, with corresponding
frequencies wyp and wyq, related through the well-known
Lyddane-Sachs-Teller (LST) relation (wjo/wro)>=€y/ €xs
where €, and €., are low- and high-frequency dielectric con-
stants of the material, respectively.

The experimental studies of the Raman scattering on bulk
samples show that the compound exhibits resonant scattering
for light excitation energies in the range from
2.00 to 2.80 eV.”~? An exciting aspect of the Raman scatter-
ing in the material is the resonance-induced scattering by the
normally Raman-inactive LO-type modes.® The band struc-
ture of Mg,Si is also calculated'®!! and compared with the
experimental results, obtained from reflectance'> and
electroreflectance'? measurements. It is very well established
that the material exhibits strong absorption in the range be-
tween 2.0 and 3.0 eV. According to Scouler et al.,'? the lead-
ing peak in the reflectivity spectrum in the above energy
range is at 2.7 eV.
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FIG. 1. Mg implantation profiles at two different energies,
40 keV (D4) and 60 keV (D7). The profiles are simulated by SRIM.

The experimental investigations of the optical properties
of Mg,Si thin films are scarcer. Due to the low condensation
coefficient and high vapor pressure of Mg, the thin films
formation appears to be difficult. The very low condensation
coefficient of Mg as well as the limited Mg,Si films thick-
ness, due to the barrier behavior of MgZSi,14 can be over-
come using the ion-beam synthesis (IBS) method."

The purpose of the work is to study the resonant Raman
spectra of samples, representing silicon matrix with Mg,Si
embedded in it, to determine the energies of the interband
transitions, inducing a resonant Raman scattering, and to
compare the results with those obtained on bulk samples.
The samples under investigation are prepared at different
technological conditions. The interpretation of the Raman
spectra and the intensity dependences on the laser excitation
also gives information about the influence of the technologi-
cal parameters on the samples structure.

II. SAMPLES PREPARATION

The samples are prepared by IBS, followed by rapid ther-
mal annealing (RTA). The implantation of **Mg" ions is per-
formed by ion accelerator type ILU-4, allowing a high cur-
rent density. As an ion plasma source pure Mg (purity 99.99),
heated at 500 °C, is used. The mass separated **Mg"* ions
with dose 4% 107 cm™ are implanted with two different
energies, 40 keV into n-type (100)Si substrates with
p=4.5-5 Q cm and 60 keV into p type of (100)Si substrates
with p=2.5-5 Q cm. In Fig. 1 the Mg implantation profiles
of the samples, implanted with different energies and de-
noted as D4 (40 keV) and D7 (60 keV), are given. The con-
centration profiles are simulated by SRIM (Stopping and
Range of Tons in Matter) program. It is seen that the Mg
concentration is lower than the Mg,Si stoichiometric one
(66,66 at% Mg) in the whole implantation depth. The higher
implantation energy leads to lower Mg concentration and
higher implantation depth.

During the implantation, in order to avoid the substrate
amorphization, the substrates are heated to a temperature of
about 230 °C by means of the incident ion beam (current
density 10—12 uA cm™2). After the implantation the samples
implanted with the two different energies are annealed at the
same temperature—500 °C (lower than the eutectic one' of
about 640 °C) and for different times. Sample 41 is prepared
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FIG. 2. IR transmittance spectra of s. 41 and s. 72, prepared at
different technological conditions.

with implantation energy 40 keV (D4) and RTA for 30 s. In
sample 72 the Mg ions are implanted with energy 60 keV
(D7) and the duration of the RTA for this sample is 60 s.

III. EXPERIMENTAL RESULTS
A. Infrared spectra

According to the evaluations of Fenske er al.'® the char-
acteristic infrared (IR) pattern should be recognized for thin
films of thickness down to 10 nm, which makes the IR char-
acterization even more sensitive in phase identification than
the conventional x-ray diffraction analysis. Thus we used the
IR spectra as a standard of judgment whether the Mg,Si
phase is formed in our samples. In Fig. 2 the transmittance
(T) spectra of the samples, taken at room temperature, using
the BOHMEM Fourier spectrometer, are shown in the wave-
number range from 200 to 400 cm™'. A strong absorption at
272 cm™! is observed in the spectra of both samples. The
theoretical calculations® and the experimental
investigations'” give for the frequency of the one Mg,Si IR
active F, mode the values 272 and 273 cm™', respectively.
The wave number position of the well-observed minima in
the T spectra at about 272 cm™! coincides fairly well with the
one obtained both by theoretical calculations and experimen-
tal investigations of bulk material and can be attributed to the
F,, mode of the Mg,Si phase. Thus the experimental IR
spectra indicate unambiguously the formation of the Mg,Si
phase in the samples. The comparison of the spectra shows
that s. 72 is more transparent than s. 41. The half-width of
the absorption line in the spectrum of s. 72 (about 15 cm™),
is lower than that of s. 41 (about 20 cm™!). These observa-
tions can be regarded as an indication for the following: the
Mg,Si phase precipitates are much more closely distributed
in s. 41, but their crystal structure is more perfect in s. 72. In
other words one can think about a formation of quasicontinu-
ous Mg,Si layer in s. 41 and about randomly distributed
precipitates in s. 72.

B. Raman-scattering spectra

The unpolarized spectra of the Raman scattering are stud-
ied at room temperature using SPEX 1403 double spectrom-
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FIG. 3. The Raman spectra of s. 41, excited with eight different
lines of Ar* laser with power P;=8 mW. The wavelengths of the
laser lines are indicated.

eter, equipped with photomultiplier working in a photon
counting mode. The spectra are taken with resolution 1 cm™!
and excited with different lines of Ar" laser. The energies of
the lines lay in the interval from 2.40 to 2.75 eV. According
to the Mg,Si band structure, calculated'®!! and experimen-
tally proved by optical measurements,'>!3 there are direct
gaps with energies in the same region. Thus resonant scatter-
ing can be investigated by using discrete lines of Ar* laser.
Figures 3 and 4 show the Raman spectra of s. 41 and s. 72,
excited with eight different lines. The wavelengths of the
lines are listed in the figures. The spectra of s. 41 are excited
with laser power P;=8 mW and those of s. 72 with
P;=24 mW. The main structure, seen in the spectra at wave
number 256 cm™!, can be attributed to the first-order Raman-
allowed F,, phonon mode, predicted by the group theory.
The theoretical calculations of Whitten et al.” give the value
258 cm™! for the frequency of the mode. The experimental
results for the F,, optical phonon frequency, obtained on
bulk samples and reported so far, are very similar:
258.5 cm™! at 300 K according to Anastassakis and Perry,®
258.3 cm™! at 297 K according to Buchenauer and Cardona,’
and 258 cm™! by Laughman and Davis'® at room tempera-
ture. A sharp peak at wave number 348 cm™! is observed also
in the experimental spectra, obtained by these authors. The
peak is interpreted as due to the F;, (LO) phonon. In our
experiment a sharp peak with very close frequency is de-
tected also, namely 345 cm™' in the spectra of s. 41 and
344 cm™! in the spectra of s. 72. The difference between the
spectra of our samples, representing inclusions of the Mg,Si
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FIG. 4. The Raman spectra of s. 72, excited with eight different
lines of Ar* laser with power P; =24 mW. The wavelengths of the
laser lines are indicated. At the bottom of the figure the Raman
spectrum of Si substrate is given.

phase in a silicon matrix, and those of bulk samples consists
of the following: (i) a band at 696 cm™', attributed by the
authors, investigating bulk samples,®® to the overtone
2LO(I"), is not detected in our experiment and (ii) a strong
line at 516 cm™!, not detected in bulk samples, is seen in the
spectra of s. 72 for all excitation energies and in the spectrum
of s.41, excited with A=496.5 nm. This feature, as it follows
from the phonon dispersion curves,” can be tentatively as-
signed to 2F,, overtone scattering. On the other hand, the
frequency of the line is very close to the one of the silicon
F,, Raman-active mode.

A frequency-dependent scattering intensity, as seen from
Figs. 3 and 4, can be noticed for all three peaks detected. A
resonant behavior of the Raman scattering in crystals is ob-
served when the energies of the incident photons lie in the
vicinity of energy gaps or critical points in the joint density
of states. The measurement of the spectral dependence of the
resonant-scattering amplitude yields the transition energies at
the critical points. Figure 5 shows the energy dependences of
the integral scattering intensities of the peak at 256 cm™! for
s. 41, normalized to incident light power P;=1 mW and di-
vided by @’ as far as the photomultiplier counts the photons
number. The open squares hold for the corrected intensities,
calculated from the spectra, excited with lines power 8 mW
and the full squares—for those, calculated from the spectra,
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FIG. 5. The experimental energy dependences of the corrected
integral intensities per mW of Raman scattering by the F,-type
phonon mode in s. 41, excited with two different powers:
P;=80 mW (full squares); P;=8 mW (open squares). The calcu-
lated curves are given with solid and dotted lines, respectively.

excited with lines power 80 mW. As far as the intensities of
the different Ar* laser lines are quite different, a power of
80 mW is achieved only for six of the lines. The analogical
dependences for the peak, which appears at 345 cm™ in the
spectra of s. 41, are shown in Fig. 6 with open circles and
full circles, respectively. The energy dependences of the cor-
rected integral scattering intensities, for all the three peaks,
which appear in the spectra of s. 72 are displayed at Fig. 7.
The open triangles represent the peak detected at 256 cm™,
the open rhombs for the peak at 344 cm™', and the full tri-
angles for the peak at 516 cm™'. The corrected intensity ar-
bitrary units, used in Figs. 5-7 are related in order to allow
comparison. It is obvious from Figs. 5 and 6 that the resonant
behavior is much more pronounced at a higher power of the
excitation. It can be noticed also that while for s. 41 the
corrected intensities of the feature at 345 cm™! are higher, for
s. 72 these intensities are lower.
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FIG. 6. The experimental energy dependences of the corrected
integral intensities per mW of Raman scattering by the Fy,-type
phonon mode in s. 41, excited with two different powers:
P;=80 mW (full circles); P,=8 mW (open circles). The calculated
curves are given with solid and dotted lines, respectively.
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FIG. 7. The experimental energy dependences of the corrected
integral intensities per mW of Raman scattering by the F,,-type
(open squares) and F,-type phonon modes (open rohmbs) in s. 72,
excited with P; =24 mW. The same dependence of the scattering by
the F,,-type phonon of Si (full triangles) is given as well. The solid
and dashed lines represent the calculated curves.

IV. DISCUSSION
A. Resonant Raman scattering by the F,-type phonon mode

Inelastic light scattering by a solid takes place with cre-
ation or annihilation of elementary excitations, usually
phonons. When the phonon frequency w,, of the excitation
created in the Raman process is negligible compared with the
relevant electronic energies, the so-called dielectric, adia-
batic, or quasistatic theory'® of the Raman tensor can be
used. More exactly, the condition of the validity of the di-
electric approximation is wy, < |wL—wg+i |, where w; is the
laser frequency, fiw, is the gap energy, and 7 is the broaden-
ing parameter.

In Mg,Si the F,, phonon mode energy fiw,,=32 meV,
which is lower than the electronic states broadening and the
dielectric theory is expected to apply. Theoretically, under
this condition, the Raman tensor for resonant scattering
around a direct gap with energy E,=%iw, is supposed to con-
tain terms, due to the modulation of these gaps by the
phonons. These terms, called two-band terms, are propor-
tional to the derivative of the dielectric constant and thus are
strongly dispersive near E,. The two-band model is usually
used to describe the general features of the resonance by
F4-type phonons. This model considers only the TO-phonon
deformation potential contributions to the Raman tensor in
the limit ¢— 0 and ignores the nonresonant terms. It applies
to cubic materials and direct electron transitions. According
to the model, the contribution of the two-band term to the
Raman susceptibility, given by the electrical susceptibility
derivative, in the approach w; = w,, w, is the scattered light
frequency, and in the case of parabolic bands, is proportional
to the function'®

Gx)=x2-(1-x)""2=(1+x)"],

where x=w/w,. The dispersion of the function is determined
mainly by the term (1—x)""2. The contribution of the re-
maining terms is comparable with the one of the nonresonant
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TABLE 1. The values of the gap energies and the broadening
parameters for which a best fit of the experimental points with the
calculated curves, lines in the figures, is obtained.

Phonon P E i, b7 EZ, 0% E: Y3

Sample type (mW) (eV) (eV) (eV) (eV) (eV) (eV)
41 TO 80 2.500 0.009 2.585 0.015 2.670 0.018
LO 8 2.495 0.035 2.575 0.036 2.680 0.045

TO 80 2.495 0.018 2.585 0.020 2.675 0.022

LO 8 2.501 0.036 2.580 0.033 2.681 0.031

72 TO 24 2485 0.027 2.593 0.023 2.675 0.025
LO 24 2490 0.018 2.593 0.013 2.670 0.008

terms and can be ignored. Thus in the vicinity of the reso-
nance (x=1) the Raman cross section is proportional to
|G(x)|?<|1-x|"!. The experimental dependences, shown in
Fig. 5 with open squares and in Fig. 7 with open triangles,
are interpreted as a sum of three resonance curves, given by
the upper relation, for three different transition energies
E,=hw, (i=1,2,3). The imaginary part iy is added to w, in
order to account for the electron states broadening. The val-
ues of the gap energies and the broadening parameters for
which a best fit of the experimental points with the calcu-
lated curves is obtained are summarized in Table I. The fit-
ting is very sensitive to the change of the quantities E; and
accuracy of their values determination is of the order of sev-
eral meV.

The later is in agreement with the consideration of the
resonant Raman scattering as an even more precise method
for determination of the interband transition energies than the
modulation spectroscopy.'® In Table II the values of the in-
terband transition energies, determined in this study, are
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compared with the theoretical'®!! and experimental
results®1213 of other authors. As it is seen, the values deter-
mined in our experiment coincide with those obtained on
bulk samlples by resonant Raman scattering. The assign-
ments of the transitions, as noted by the authors®® of these
studies, are only tentative. In our point of view, it is more
reasonable for the leading peak in the reflectivity spectrum!'?
to have the same origin as the leading peak in the resonant
intensity energy dependences and the assignments of
Scouler, 2 given in Table II, to be more correct.

B. Resonant Raman scattering by the forbidden
one-LO-phonon mode

The forbidden resonant scattering by LO phonons consists
in the change of the scattering efficiency, caused by electro-
optical interaction. The LO phonons are accompanied with a
longitudinal electric field, which modulates the electric sus-
ceptibility as a result of the first order electro-optical effect.
Detailed calculations show that the Raman tensor in this case
is proportional to the wave vector of the phonon ¢ and to the
second derivative of the electric susceptibility. The LO scat-
tering, being forbidden in dipole approximation (¢g=0), will
resonate more sharply than the corresponding allowed pro-
cesses. In the case of forbidden resonant scattering by LO
phonons two basic contributions, due to the breakdown of
the selection rules and which may be activated simulta-
neously, are involved: (i) the wave vector mechanism which
may originate either in the ¢ dependence of the matrix ele-
ment of the Frohlich interaction®”?! (intraband scattering of
electrons, produced by the electric field), accompanying the
longitudinal phonons, or in the wave-vector dependence of
the resonant denominators®? in the vicinity of critical points
and (ii) an electric field induced mechanism,?!"?> known as

TABLE II. The experimental values of Mg,Si interband transitions in the range from 2.00 eV to 2.80 eV,
compared with the theoretical calculations (Refs. 10 and 11) and the experimental investigations of other
authors; R: reflectance, ER: electroluminescence, RR: resonant scattering.

Transition and type E (eV); theory E (eV); R E (eV); ER E (eV); RR E (eV);
of the critical point (Refs. 10 and 11) (Ref. 11) (Ref. 12) (Refs. 8 and 9) this study
2.06'°
MyT5-T) 2.1 2.27 2.2°
220!
2.608
Mo(Ljs—Ly) 2.1510 2.2
2.48°
2.68%
M;(A5-A)) 2.3910 2.4 251 2.50
2.70°
2.6210
Mo(X,-X,) 2.6 2.59
2.85!1
My(Xi-X3) 2.7410
2.7 2.68
My(Ky—K))4s 2.7410 2.78
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Franz-Keldysh effect of resonant electric field induced scat-
tering by LO phonons. It is pointed out?? that the forbidden
scattering in low concentration materials is attributed to
g-dependent mechanisms. The Franz-Keldysh mechanism
should be important in high carrier concentration samples. In
both mechanisms the leading term in the Raman tensor of the
forbidden resonant scattering by LO phonons is proportional
to the derivative of the corresponding term in the allowed
Raman tensor or to the function [dG(x)/dx]?.

In the case of superlattices’ or low-dimensional struc-
tures, however, the Frohlich interaction is not forbidden even
at ¢=0. It becomes allowed when the localization lengths of
the vibrations in the sublayers or nanocrystallites are differ-
ent in the conduction and valance bands. Then, as in the
allowed processes, the Raman tensor of resonant scattering is
proportional to the first derivative of the electric susceptibil-
ity or to the function |G(x)|?.

Having taken all this into account, the analysis of our
experimental results leads to the conclusion that the prevail-
ing mechanism of scattering by LO phonons in s. 41 is a
g-dependent one. The Raman scattering by LO phonons in
the sample is more intense than by the allowed one; compare
Figs. 5 and 6. This means that the scattered intensity is pro-
portional to the second derivative!® of the electric suscepti-
bility or to the function [dG(x)/dx]*. The experimental re-
sults, shown by points in Fig. 6, are interpreted as a sum of
three resonance curves, proportional to this function, for the
same transition energies E;:ﬁw; (i=1,2,3) as in the case of
the allowed resonant scattering by F,, phonons. The calcu-
lated curves are given with full (80 mW) and dotted (8 mW)
lines in Fig. 6. The results for the energies and the corre-
sponding broadening parameters used to calculate the curves
are included in Table I. The difference in the energies deter-
mined in both cases, allowed scattering by F,, phonons and
forbidden scattering by LO phonons, does not exceed 5 meV
as it is seen from Table I. The broadening for the forbidden
scattering as a rule is higher.

The Raman scattering by LO phonons in s. 72 is less
intense that the allowed scattering by F,, phonons, see Fig.
7. Then one may assume that in s. 72 the Mg,Si phase is
present in the form of low-dimensional precipitates so that
the Frohlich interaction is not forbidden even at g=0 (Ref.
24) and the Raman tensor is proportional to the function
|G(x)[?. The curve, calculated as a sum of three terms, pro-
portional to the function |G(x)|? with the three different val-
ues of the transition energies, is the lower curve in Fig. 7.
The values of the energies and the broadening parameters,
used in the calculation, are included in Table I. The differ-
ence in the energy values, obtained from the interpretation of
the allowed Raman scattering by F,, phonons and the al-
lowed LO-phonon scattering does not exceed 5 meV. The
broadening parameters, being proportional to the electron-
phonon interaction, are lower.

The comparison of the intensity of scattering by LO
phonons in s. 41 and s. 72 indicates unambiguously that the
phase in s. 41 is present in the form of large grains or quasi-
continuous layer, while in s.72 low-dimensional precipitates
of the phase are formed in the silicon matrix. The finding is
in accordance with the assumption drawn from the compari-
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son of the transmittance IR spectra of both samples. Again in
accordance with the IR spectra, the broadening parameters
used to interpret the scattering intensity energy dependences
are in general higher for s. 41 than those for s. 72. The later
implies more perfect crystal structure of the Mg,Si phase in
s. 72.

C. The line at 516 cm™!

A strong line at 516 cm™', not detected in bulk samples, is

seen in the spectra of s. 72 for all excitation energies and it is
seen as less intensive in the spectrum of s. 41 excited with
the laser line at A=496.5 nm. It is pointed out by Anastas-
sakis and Perry® that a feature at 516 cm™', due to 2F 24 OVEr-
tone scattering, as it follows from the phonon dispersion
curves,” is expected to appear in the Raman scattering spec-
tra of the Mg,Si. The frequency-dependent Raman intensity
seems to confirm this assumption. However, the feature is
not observed by Anastassakis and Perry® when studying the
Raman scattering by bulk material. On the other hand, the
peak intensity is too strong and its frequency is very close to
that of the silicon F,, phonon mode. The resonance of Ra-
man scattering from the zone-center optical F,, phonon in
crystalline Si is studied over a wide range of energies,? in-
cluding the energy of the direct transition 3.43 eV. In addi-
tion to the most prominent feature at 3.35 eV in the energy
dependence of the Raman scattering, Renucci et al.> observe
a shoulder on the main peak in the region around 2.9 eV and
attribute it to indirect transitions. The behavior of the
frequency-dependent scattering intensity of the peak at
516 cm™!, detected in our experiment, and shown in Fig. 7
with full triangles, coincides fairly well with that reported by
Renucci et al.”> Analogically, the relatively sharp increase of
the scattered intensity in our experiment starts at about
2.6 eV. The Raman spectrum of the Si substrate, taken with
the laser line with wavelength 488 nm is shown at the bot-
tom of Fig. 4. The half-width of the peak, seen in the spec-
trum of s. 72, is obviously larger and the peak is shifted by
4 cm™! to lower frequencies. It is known?® that in polycrys-
talline Si, due to the disorder, involved by the presence of
crystallites of different sizes, the broadening may increase to
5 cm™!. The broadening is asymmetric with a shoulder to
lower frequencies?® and possibly leads to an apparent shift of
the peak. On the other hand a shift of the F,, mode is usually
observed when inclusions of intrinsic ions are incorporated
in the silicon.?”

Thus the peak at 516cm™!, detected in the spectra of s. 72,
can be attributed to the zone-centered F,, phonons of the
silicon. As far as s. 41 is concerned, a low intense and broad
peak at 518 cm™! is detected only in the spectrum, excited
with A=496.5 nm. This implies the conclusion that in s. 72,
produced with higher implantation energy and thus with peak
concentration of the implanted Mg ions much lower than the
stoichiometric one, the Mg,Si phase is present in the form of
precipitates, while in s. 41 it forms surface quasicontinuous
layers with a negligible quantity of randomly distributed Si.

V. CONCLUSIONS

The resonant Raman scattering appears to be a power tool
for the characterization of a matrix with inclusions of a for-
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eign material. The experimental investigation of the resonant
scattering by samples representing silicon matrix with Mg,Si
phase leads us to the following conclusions.

(i). The detection of the matrix Raman spectrum along
with the embedded phase one indicates that the phase is
present in the matrix as an isolated precipitates. The silicon
matrix Raman spectrum is detected in s. 72 along with the
spectrum of the Mg,Si phase. This implies that the Mg,Si
phase in the sample, prepared with an implantation of Mg*
ions with dose 4 X 10" cm™ and energy 60 keV can be
found in a form of precipitates. In Raman spectra of s. 41 the
silicon F,, phonon mode can hardly be seen. Then at the
implantation of Mg* ions with the same dose, but with a
lower energy, 40 keV, leads to the formation of closely dis-
tributed, most probably coalescent grains to form quasicon-
tinuous surface layers.

(ii). In the particular case of Mg,Si, where a resonant
induced Raman scattering by the normally Raman-inactive
LO-type modes takes place, conclusions about the sizes of
the embedded precipitates can be drawn. The intensity of
scattering by LO phonons in s. 41 is higher that the one of
the scattering by F,,-type phonon mode, indicating that the
scattering by LO phonons is forbidden. The lower scattering
intensity by LO phonons in comparison with the scattering
by the F,,-type phonon mode in s. 72 implies that the scat-
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tering by LO phonons is allowed in this sample. This in its
turn is an indication for the low dimension of the embedded
precipitates. The broadening parameters used to interpret the
scattering intensity energy dependences are in general higher
for s. 41 than those for s. 72. The latter implies more perfect
crystal structure of the Mg,Si phase in s. 72.

The resonant Raman scattering appears also to be the
most precise method for determination of the interband tran-
sition energies. On the base of the interpretation of the en-
ergy dependences of the Raman scattering intensities both in
the case of scattering by F,,-type and LO-type phonon
modes we have determined energies of interband transitions
in the compound Mg,Si. In this way we contribute to the
investigation of the one of the scarcely studied among the
semiconducting silicides, known as “third generation semi-
conducting materials.”
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