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Vibrational evidence for a percolative behavior in Zn1ÀxBexSe
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We present an atypical multimode behavior in the Raman spectra recorded with Zn12xBexSe, which belongs
to the new class of ternary semiconductor alloys made of materials with highly contrasted bond stiffness. We
observe the activation of a strong extra BeSe-like optical mode forx between the percolation thresholds of the
Be-Se and Zn-Se bonds. This extra mode is attributed to Be-Se bonds within the quasicontinuous Be-rich
hardlike cluster that forms above the percolation threshold. Our observations can be quantitatively explained in
terms of a generalized version of the standard modified-random-element-isodisplacement model.
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I. INTRODUCTION

In semiconductor alloysA12xBxC random atomic substi
tution brings major topological changes at the percolat
thresholds ofA-C and B-C bonds. These are defined as t
critical compositions associated with the first formation
pseudocontinuous wall-to-wall chains of the correspond
bonds, and were identified atx5xB-C;0.19 andx5xA-C
;0.81 in zinc-blende systems.1 In usual alloys these majo
changes do not go with anomalies for the current phys
properties, which exhibit most of the time a nearly line
dependence on the compositionx. This is because paren
materials are chosen similar in nature, in order to av
structural phase transitions or direct-to-indirect band-g
crossovers.1 However, it is necessary to mention that perc
lation concepts were introduced to analyze the advan
characterization of phonon2,3 and carrier transport4 in
AlGaAs.

Recently the attention turned towards the new attrac
class of zinc-blende ternary alloys made from binaries w
highly contrasted mechanical properties, and deviations f
this simple picture were predicted. In particular,
GaAs12xNx Bellaiche, Wei, and Zunger expect strikin
bond-length anomalies at the bond-percolation threshol1

They also found that the band-gap bowing would beco
unusually large and composition dependent. We are
aware of any prediction/observation of specific vibration
properties in mixed compounds with contrasted bond s
ness. Nevertheless, latter class of alloys opens the way
the observation of percolative effects by vibrational sp
troscopies since these techniques address directly the
constant of the bonding, which is extremely sensitive to
mechanical properties of the host matrix.

Mixed crystal ZnSe-BeSe is another system with a sh
contrast in mechanical properties of the two constitue
Vérié5 has predicted a highly covalent bonding for BeS
which finds its expression in a reduced lattice paramete
5.037 Å and a remarkably high reduced shear modulusCs* of
0163-1829/2001/65~3!/035213~6!/$20.00 65 0352
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0.478. Corresponding values for ZnSe are, respectiv
5.669 Å and 0.277.6 Cs* is a pertinent marker for lattice
stiffness as it is primarily determined by the noncentral fo
constant, denoted byb in the Martin’s notation, which can be
simply interpreted as the bond-bending force constant.6 For
comparison, we notice that in other mixed compounds wit
lattice mismatch similar to system ZnSe-BeSe~9%!, such as
InAs-GaAs~7%! for III-V materials and ZnS-ZnTe~9%! for
II-VI’s, Cs* differs by less than 25%,6 while it almost doubles
between ZnSe and BeSe. The main aim of Be incorpora
in ZnSe is precisely to strengthen latter softlike highly ion
lattice so as to reduce defect propagation and rehabili
II-VI materials for the design of blue-UV optoelectron
systems.7,8

The zone-center (q;0) longitudinal optical~LO! and
transverse optical~TO! phonons of BeSe and the allo
Zn12xBexSe were recently identified in earlier infrared an
Raman analysis.9–12 Most of the Raman spectra were r
corded with the~LO allowed, TO forbidden! backscattering
geometry.9,11 At first sight the alloy shows a two-mode be
havior, as expected from the modified-random-eleme
isodisplacement~MREI! model.13 This typical behavior is
indeed observed in similarly mismatched alloys ZnS-Zn
~Ref. 14! and InAs-GaAs.15 However, out of the dilute limits
ZnBeSe exhibits unexpectedly an additional mode, on top
the nominal MREI ones.10,11 Only little attention was
awarded to this mode in previous studies. At the pres
stage, it appears that the extra mode does not result f
structural disorder since high-crystalline quality is evidenc
at anyx by x-ray diffraction, nor from symmetry breakin
due to lattice distortion16 since it obeys the standardq;0
selection rules.11 Besides it depicts an intrinsic feature sin
it occurs in epitaxial layers11 as well as in bulk-mixed
crystals.10 It was first assigned from Raman analysis as
ZnSe-like 2TO (2TOZn-Se) mode,10 but infrared measure
ments eventually showed that it split in a~TO,LO! doublet
related to Be-Se bonds.11

In this work, we present further analysis of the Ram
©2001 The American Physical Society13-1
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spectra for this alloy throughout the whole compositi
range by using both LO- and TO-allowed scattering geo
etries, in order to get an insight on each component of
extra doublet. We find that the extra BeSe-like mode res
from a specific percolative context that takes place only
alloys with highly contrasted bond stiffness.

After a brief description of the experimental details
Sec. II, we present our experimental results in details in S
III. Section IV contains our analysis of the Raman spectra
the context of the bond-percolation phenomena. Conclus
are summarized in Sec. V.

II. EXPERIMENT

We use ;1-mm-thick Zn12xBexSe layers covering the
whole composition range, deposited by molecular-beam
taxy on ~001! GaAs. Unpolarized Raman spectra were
corded at room temperature, with the Dilor-micropro
setup, in the backscattering geometry, under standard illu
nation, with the 514.5-nm radiation from an Ar1 laser as the
exciting source. The excitation-detection direction was alo
the @001# growth or @110# edge crystal axis. In the first ge
ometry LO modes are allowed and TO modes are forbidd
the situation is reversed in the second geometry. By usin
green excitation the samples are transparent/absorbinglik
that the spectra recorded along the growth axis bring
responses from both the whole of the layer and the n
interfacial substrate. Zn12xBexSe responses recorded alo
the edge axis refer to similar scattering volumes although
microprobe overlaps into GaAs in some cases, and can
directly compared in a first approximation.

III. EXPERIMENTAL RESULTS

Representative spectra obtained along the growth
edge axis are reported in Figs. 1 and 2, respectively. C
cerning the substrate side, we just mention that the long
dinal optical response corresponds either to the LO mode

FIG. 1. Raman spectra for Zn12xBexSe/GaAs in backscatterin
geometry along the@001# growth axis. Label ‘‘a’’ refers to the ‘‘ad-
ditional’’ LO branch. An example of two-mode LO simulations~see
text! is shown by thin lines (x50.62). The calculated ZnSe-lik
additional LO mode emerges at higher frequency than the ‘‘no
nal’’ one. When relevant thep values corresponding to the be
agreement are indicated.
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292.3 cm21, or to a TOGaAs-like ~268 cm21! LO phonon-
plasmon~LO-P! coupled mode involved with a hole gas.12

We first comment on the low-frequency signal fro
Zn12xBexSe. A well-known consequence of the lack
translational symmetry in a mixed crystal is the activation
broad features that mirror the one-phonon state density
correspond usually to zone-edge modes.17 This is evidenced
here by the presence of the structures labeled LAL and LAX ,
which we assign as the longitudinal-acoustical bands
edgesL andX.18 We underline that each LA band exhibits
single-mode behavior and slides between the correspon
binary frequencies, identified as 166–220 cm21 for LAL and
194–246 cm21 for LAX .18 The lower frequencies corre
spond to ZnSe and the higher ones to BeSe. Slight deviat
from linearity may be attributed to line shape distortions
the LA continua due to Fano-like interferences19 with the
discrete q;0 TOZn-Se mode that emerges around 22
cm21.9–12 This is suggested by the characteristic antire
nance that shows up within the overlapping energy rang12

The key information here is that in both geometries the
bands show extraordinary strength within the percolation
gime (xBe-Se,x,xZn-Se), with a maximum contribution at
x;0.5.

We consider now theq;0 signal. As already mentione
most of the Raman spectra available in the literature refe
the LO symmetry, and are similar to those reported in Fig
At first sight ZnBeSe seems to obey a typical MREI-lik
two-mode behavior, referred below as the ‘‘nominal’’ beha
ior. The ZnSe-like component, labeled LOZn-Se, is located
within the optical band of ZnSe, i.e., 206–253 cm21, while
the BeSe-like one, labeled LOBe-Se, shifts progressively be-
tween the local mode of Be in ZnSe at 445 cm21, labeled
ZnSe:Be and the LOBe-Se mode at 578 cm21.9,12 We also
notice that there is clear evidence of an additional mo
shown as LOBe-Se

a . This mode emerges only in the interm
diate composition range, in the form of a broad and we
shoulder located on the low-frequency side of the nomi

i-

FIG. 2. Raman spectra for Zn12xBexSe/GaAs in backscattering
geometry along the@110# edge axis. The high-frequency side of th
spectra corresponding tox<0.67 (x50.92) is multiplied by 5~di-
vided by 20!. Label ‘‘a’’ refers to the ‘‘additional’’ TO branch. An
example of two-mode TO simulations~see text! is shown by thin
lines (x50.31). When relevant thep values corresponding to th
best agreement are indicated. The star indicates a parasitical
line.
3-2
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VIBRATIONAL EVIDENCE FOR A PERCOLATIVE . . . PHYSICAL REVIEW B 65 035213
LOBe-Se mode. Its relatively small strength might expla
why it attracted so little attention in the previous studies.11

This additional mode appears strongly in the new d
related to the TO symmetry, reported in Fig. 2. The Ram
signal in the 400–600 cm21 range can be divided into two
contributions with similar intensities, so that the true bimod
character of the BeSe-like response becomes indisputa
The higher frequency mode corresponds to the nominal
vibration and is labeled TOBe-Se, while the additional mode
appears on the lower frequency side, and is labeled TOBe-Se

a .
This multimode behavior is atypical since the extra mode
activated within the percolation regime only. Nearx
;xBe-Se, we have investigated several samples with sm
changes in composition~refer to Fig. 2! and it is striking that
xBe-Secorresponds indeed closely to the first clear emerge
of the extra TO mode. Unfortunately, we did not have simi
composition variation aroundxZn-Se. However, other work11

has pointed out that the additional doublet can actually
observed up tox50.8, corresponding to latter limit. For ou
part, we observe the TOBe-Se

a mode up to the highest Be con
tent that we have within the percolation range, i.e.,x;0.7
~refer to Figs. 2 and 3!, while it disappears at our first com
position beyondxZn-Se, corresponding tox50.92 ~refer to
Fig. 2!.

More generally the additional mode has the followi
characteristics. First it is a real~TO,LO! doublet since the
LO-like mode emerges at significantly higher frequency th
the TO-like one, as shown in Fig. 3. The two branches
hibit monotonic red shifts whenx decreases. Concomitantl
the LO-TO splitting reduces; the two branches conve
around 40063 cm21 at x;xBe-Se, which also appears in
other data.11 Besides regarding the intensity aspect, one c
cial information is that the TOBe-Se

a mode grows at the cost o
the nominal TOBe-Se mode whenx increases. The balanc
between the intensities of latter two modes is equilibrated
x;0.5. In fact, the TOBe-Se mode almost disappears atx
50.67 ~refer to Fig. 2!. This behavior is also atypical in
multimode descriptions, it suggests that the additional
nominal BeSe-like TO modes are coupled in some way.

FIG. 3. Compositional dependencies of the additional TOBe-Se

~circles! and LOBe-Se ~squares! branches. Full lines indicate MRE
predictions~see text! by using the specific end values indicated
the arrows. The additional mode observed atx50.09 in the LO-
allowed ~1! and TO-allowed~2! geometries is shown in the inse
‘‘ I R’’ and ‘‘ v’’ are condensed notations for Raman intensity a
frequency respectively.
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We notice that a weak extra mode persists forx below
xBe-Se down to x50.09 ~see the inset in Fig. 3!. However,
this weak mode appears systematically at the same frequ
in both geometries, i.e., 40063 cm21, independently of
composition.

IV. DISCUSSION

Our aim now is to provide a framework for the quantit
tive discussion of the BeSe-like bi-modal behavior within t
percolation regime. We have already underlined that
BeSe and ZnSe force constants differ by nearly a factor o
On this basis, we suggest that a pseudocontinuous hard
submatrix builds up whenx goes abovexBe-Se.

As a starting basis, it is necessary to summarize the wa
host matrix, i.e., a continuum, in a ternary alloy acts upo
local given bond when the composition changes. As an
ample, we consider the nominal BeSe-like mode in ZnBe
At low Be content, owing to the lattice mismatch betwe
ZnSe and BeSe, Be-Se bonds undergo a tensile strain d
the ZnSe-like matrix, which reduces the effective force co
stant. This gives rise to a local BeSe-like mode emerging
445 cm21, i.e., below the optical band of BeSe, name
501–578 cm21. As x increases the initial ZnSe-like host ma
trix turns BeSe-like so that the medium influence vanish
and the bulklike LO and TO frequencies are progressiv
recovered. These well-known bond-in-a-continuum f
quency characteristics are typically accounted for by the p
nomenological MREI model.13

A. Percolative context

As shown in Fig. 3 the TO-LO splitting of the additiona
mode obeys the MREI model for all but that a ‘‘rescale
alloy is considered fromxBe-Se. The rescaling procedure con
sists first in a parametrization of the hardlike submatrix c
responding to a renormalized compositiony5(x2xBe-Se)(1
2xBe-Se)

21 varying from 0 to 1 forx betweenxBe-Seand 1.
Second, the degenerated extra mode atx;xBe-Se located at
40063 cm21 is assigned as the true local mode of Be with
latter submatrix. At last the LOBe-Se frequency is renormal-
ized to 54365 cm21, as strongly suggested by the expe
mental data in Fig. 3. Besides the starting TO and LO f
quencies for the Zn-Se bonds are taken as the nominal M
values atx5xBe-Se, namely, 214 and 251.5 cm21.12 The fre-
quencies of the TOBe-Semode and the local mode of zinc i
BeSe remain unchanged at 501 and 231 cm21, respectively.
The resulting frequencies for the additional TO and L
modes are shown by solid lines in Fig. 3. A very good agr
ment with the experimental frequencies is seen.

As possible explanations for the atypical end frequenc
required above we propose the following. Be-Se bonds
excess’’ within the hardlike submatrix formed spontaneou
abovexBe-Se should undergo a larger tensile strain to mat
the surrounding lattice parameter than those resulting fro
very low Be incorporation, dispersed within the softer ZnS
like matrix. As a result the additional local BeSe-like mo
(x;xBe-Se) is shifted to lower frequency, i.e.,;400 cm21,
than the nominal one (x;0), at 445 cm21. Besides we sug-
3-3
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gest that within the percolation range confinement effe
due to intermixing of the two pseudocontinuous submatri
destroy long-range polarization effects. As a conseque
the propagating LOBe-Semode within the hardlike submatri
would turn into a surface mode, as is indeed currently
served in confined systems, corresponding to a renormal
frequency within the optical band.20 This is satisfactorily ac-
counted for at each composition by taking the reduced
frequency at;543 cm21 in end material BeSe for the MRE
calculations. Microscopic approaches are needed to un
stand fully both frequency renormalizations.

To the best of our knowledge there are no vibrational d
available in the literature in the Zn-dilute domain. Our da
related tox;0.92 provide, therefore, a check in at this lim
AbovexZn-Sethe hardlike infinite cluster turns into a continu
ous medium and long-range polarization effects should
recovered. As a matter of fact the TO and LO BeSe-l
frequencies calculated forx50.92 with the ‘‘rescaled’’ alloy
by taking 578 cm21 as the end frequency for the LO mode
BeSe are consistent with the data~not shown!. In contrast,
similar calculations performed with the MREI model corr
sponding to v(ZnSe:Be)5445 cm21 and v(LOBe-Se)
5578 cm21 bring unrealistically LO and TO frequencies o
each side of the experimental ones~not shown!.

The picture that emerges is that within the percolat
range the alloy consists of a composite system made ma
of two interlaced butseparatepseudocontinuous submatr
ces: a Be-rich region with relatively large stiffness coe
cient, and a relatively soft Zn-rich region. Out of the perc
lation range the picture of a single matrix prevails. This
softlike in the Be-dilute limit and hardlike at the other e
tremity. The whole composition dependence of the BeSe-
phonon frequencies within ZnBeSe can be described in te
of a generalized version of the standard MREI model.

It is worth noticing that the above simple picture does n
take into account that within the percolation range a dis
bution of finite-size hardlike and softlike clusters coexi
with the two submatrices.21 Out of the percolation range th
minor phase persists but is represented by the finite-size c
ters only. In particular, belowxBe-Se the persistence of the
weak TO-LO degenerated contribution around 400 cm21 ~see
the inset in Fig. 3! is interpreted as a ‘‘reminiscence’’ of th
extra local mode of Be within the finite-size hardlike clu
ters. Further discussion of this mode goes beyond the sc
of this work.

B. Coupling effect

We address now the key issue of the coupling between
nominal and additional BeSe-like optical modes. Within t
percolation range both quasicontinuous submatrices
transparent to the exciting radiation, owing to the large g
of ZnBeSe alloys. In this condition, the LO and TO modes
the whole system should result mainly from the simple
dition of the corresponding signals from each submat
weighted by their relative scattering volumes. Line sha
analysis of the ZnSe- and BeSe-like modes is achie
within the Hon and Faust approach22 by taking linear depen-
dency vsx ~softlike continuum! andy ~hardlike continuum!
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for both the squares of the dynamical charges and the Fa
Henry coefficients, and by using equations of motion a
polarization derived from the MREI model. The detailed pr
cedure is reported elsewhere.18 If we neglect in a first ap-
proximation the persisting distributions of finite-size cluste
that coexist with the two submatrices within the percolati
range, the weighting factor is labeledp for the hardlike sub-
matrix and 12p for the softlike one. It seems reasonable th
p;12p;0.5 atx50.5. Satisfactory agreement with the o
served intensities of the two BeSe-like TO modes at t
composition requires the renormalization of the Faust-He
coefficient related to bonding Be-Se within the hardlike su
matrix. We find CBe-Se8 520.6, which differs by less than
15% from the nominal value, i.e.,CBe-Se520.7.18 Parameter
p is then optimized at each composition from the observ
TO intensity ratio. The damping coefficients of the optic
BeSe-like modes used for the line shape calculations w
obtained from the full width at half maximum of the exper
mental lines, reported in Fig. 4~a!. One important informa-
tion is that the treatment requires basically one param
only ~p! to account for the TO-like multimode behavior.

Alternatively, parameterp could also be derived at eac
composition from the ratio between the absolute intensity
the LOBe-Se mode and that of the corresponding theoreti
line shape18 normalized to a layer thickness of 1mm. How-
ever, we have shown elsewhere that fromx;0.5 a near-
interfacial disordered layer, with a Raman signal correspo
ing to a broad band at 250 cm21, is built up on the alloy side
before the ordered alloy is grown up to the surface.23 We

FIG. 4. Composition dependence for the full widths at h
maximum of the optical modes~a! and for the volume fractionp of
the hardlike submatrix~b!. In part ~a! thin solid lines are added a
guidelines for the eyes.
3-4
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have also observed that this disordered layer enlarges whx
increases. However, its real thickness is unknown at
stage, and the same holds true for the real thickness o
ordered alloy. This prevents any reliable treatment based
the absolute intensity of the LOBe-Semode. For the presenta
tion in Fig. 1 the theoretical line shapes are artificially n
malized so as to obtain the best agreement between the
perimental and calculated LOBe-Semodes.

The resulting LO and TO multimode line shapes ag
rather well with the experimental curves, as shown in Figs
and 2. No attention was awarded to the ZnSe-like TO mo
since these are screened by the LA contributions. Concer
the LO symmetry, we notice that the additional ZnSe-li
mode stays above the nominal one and accounts for the
parent blue shift of the experimental mode underx increase
~refer tox50.62 in Fig. 1!.

However, there are significant discrepancies between
experimental and theoretical line shapes. First, we no
clear frequency shifts. Our present view is that these a
from a lattice parameter conflict between the coexisting ha
like ~Be-rich! and softlike~Be-poor! clusters. Owing to the
mechanical contrast latter conflict should not end up in
mogenization, as in conventional ternary alloys, but sho
rather generate at anyx internal strains within both subma
trices. Second, it is remarkable that the calculated additio
ZnSe- and BeSe-like LO mode systematically overestima
the corresponding experimental curve~refer to Fig. 1!. More-
over, we notice from Fig. 4~a! that in contrast with the othe
optical modes the LOBe-Se

a mode becomes overdamped und
x increase. The reasons for the overdamping and redu
strength of the additional LO mode remain unclear at t
stage.

The evolution of parameterp vs x is shown in Fig. 4~b!.
AbovexBe-Seup tox;0.4,p is not an increasing function o
x and remains unexpectedly large. This is attributed to
mixed character of the Raman signal at;400 cm21. As al-
ready mentioned this arises not only from the as-grown ha
like submatrix but also from a persisting distribution of is
lated hardlike clusters. The Raman signal from the la
cannot be neglected close toxBe-Se. As it does not come from
a quasicontinuum, the MREI model is not relevant for
calculation, which brings an erroneous evolution ofp vs x
close toxBe-Se. Under further Be incorporation the isolate
clusters progressively coalesce and incorporate the hard
submatrix that grows bigger, so that the picture of a sin
pseudocontinuous hardlike region should finally prevail.
this limit the MREI model should fully apply and the varia
tion of p vs x should then provide information upon th
growth of the hardlike infinite cluster under Be incorpor
tion. Ourp(x) curve should, therefore, match asymptotica
only future corresponding theoretical predictions.

We mention that the MREI approach was never cons
ered before to account for multimode behaviors in Ram
spectra of alloys. Either the statistical approach of Verl
and Baker24 or the empirical one from Mintairov and
Temkin25 were systematically used. For a simplified com
parison between the three methods, we restrict our discus
to the LO symmetry only.
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The two usual approaches describe multimodes occur
at any composition, and attributed to different local atom
arrangements in an alloy otherwise considered ashomoge-
neousat the macroscopic scale. In these conditions the
line shapes are basically obtained from the imaginary par
a single dielectric function with multiple oscillators. With
Mintairov’s approach latter distribution is predetermined e
pirically at each composition and the problem then redu
to the determination of the characteristic phonon frequen
for each of the considered clusters. This is deduced from
phonon dispersion curves for the different microstructu
calculated by using first-principles methods. The only fr
parameters are the oscillator strengths. These finally pro
the relative population for each kind of cluster within th
alloy. With Verleur and Baker’s approach all possible clust
area priori simultaneously considered. Their relative pop
lation within the alloy is fixed by the so-called probabilityf.
All parameters are simultaneously left free, i.e., the phon
frequencies and oscillator strengths, both depending on
known parameterf that is derived from a curve-fitting pro
cedure at each composition.

In the present case the context is different since the
served multimode behavior occurs within the percolat
range only, and exhibits an atypical coupling effect. Bo
characters are well accounted for by considering that the
pseudocontinua that coexist within the percolation ran
carry different mechanical properties. This macroscopic c
trast would result directly from the unusually large contra
in the Zn-Se and Be-Se bond stiffness. The resulting pict
for any alloy in the intermediate composition range is that
a composite system made mainly of twodistinct infinite sub-
matrices, each characterized by aspecificdielectric function.
Owing to the macroscopic character of these submatrices
dependences vs the composition of both the phonon freq
cies and oscillator strengths in each dielectric function can
derived from the frequencies observed in the high-dilut
limits according to the phenomenological MREI model. In
first approximation, the whole multimode behavior is det
mined by using a single free parameter corresponding to
relative volume fraction of each submatrix within the allo

C. LA extraordinary strength

One important remaining point is the atypical strength
the LA bands within the percolation range. This does n
come from the near-interfacial disordered layer that for
from x;0.5 since the intensity of the LA bands and th
thickness of this layer have opposite variations whenx in-
creases. As a possible explanation, we propose that by
ting into the percolation range mechanical disorder result
from the intermixing of the soft and hardlike submatric
suddenly reduces the acoustic-phonon correlation length,
thereby enlargesqÞ0 effects. Under furtherx increase the
distribution of available wave vectors should give grea
place to zone-edge modes, corresponding to the lowest
relation lengths, and become more and more narrow. As
pected, maximum effect is observed atx;0.5, corresponding
to the closest intermixing. At this limit, we suggest that on
very-near zone-edge modes should be allowed, with c
3-5
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comitant effect upon the strength of the Raman signals at
corresponding frequencies. As expected a symmetric ev
tion is observed at increasing values ofx. The above ap-
proach remains basically valid for the allowed optical mod
We observe that most of the full widths at half maximu
indeed go through a maximum atx;0.4 @refer to Fig. 4~a!#
corresponding approximately to the composition range as
ciated with the largest mechanical disorder.

Out of the percolation range a single continuum preva
so that first the phonon correlation length becomes qu
infinite, which drastically weakens the LA bands~refer to
Figs. 1 and 2!, and second, mechanical disorder vanishes
drives damping reduction and strength increase for the sin
BeSe-like lines~refer tox50.92!. BelowxBe-Sethe full width
at half maximum of the BeSe-like modes remains surp
ingly large. This is attributed for a given branch of th
~TO,LO! doublet to the disorder-induced activation of th
other theoretically forbidden branch, both being quasideg
erated for smallx values.9,12 The blue~red!asymmetry of the
nominal TO~LO! mode belowxBe-Se supports this assump
tion ~refer to the inset in Fig. 3!.

V. CONCLUSION

We observe an atypical multimode behavior in the Ram
spectra of Zn12xBexSe, which belongs to the new attractiv
ro
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class of ternary zinc-blende alloys involving highly co
trasted bond stiffness. We use a simple percolative picture
its basic understanding. On the quantitative side our ob
vations can be quantitatively explained in terms of a gen
alized version of the standard modified-random-eleme
isodisplacement model.

On the practical side this work provides direct vibration
evidence for a percolation behavior in a ternary semicond
tor alloy. More precisely, we show that between the bo
percolation thresholds, i.e.,x;0.2– 0.8, Zn12xBexSe con-
sists of two pseudocontinuous intermixed clusters w
contrasted mechanical properties. It would be importan
find out how the resulting mechanical disorder could aff
the performance of related optoelectronic devices.

Possible occurence of such effects should be investig
not only in other ternary II-VI Be chalcogenides but also
III-N-V alloys, such as GaNxAs12x when reasonable nitro
gen incorporation can be achieved.
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