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Vibrational evidence for a percolative behavior in Zn,_,Be,Se
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We present an atypical multimode behavior in the Raman spectra recorded witfBegSe, 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 modg i@tween 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.

DOI: 10.1103/PhysRevB.65.035213 PACS nuniber78.30.Fs, 63.20.Pw, 64.60.Ak

[. INTRODUCTION 0.478. Corresponding values for ZnSe are, respectively,
5.669 A and 0.277.C¥ is a pertinent marker for lattice
In semiconductor alloy#,_,B,C random atomic substi- stiffness as it is primarily determined by the noncentral force
tution brings major topological changes at the percolatiorconstant, denoted h§ in the Martin’s notation, which can be
thresholds ofA-C and B-C bonds. These are defined as thesimply interpreted as the bond-bending force constdrur
critical compositions associated with the first formation of comparison, we notice that in other mixed compounds with a
pseudocontinuous wall-to-wall chains of the correspondindattice mismatch similar to system ZnSe-Be®@0), such as
bonds, and were identified at=xXg.c~0.19 andx=Xa.c  INAs-GaAs(7%) for Ill-V materials and ZnS-ZnT¢9%) for
~0.81 in zinc-blende systemsn usual alloys these major 11-VI's, C¥ differs by less than 25%while it almost doubles
changes do not go with anomalies for the current physicabetween ZnSe and BeSe. The main aim of Be incorporation
properties, which exhibit most of the time a nearly linearin ZnSe is precisely to strengthen latter softlike highly ionic
dependence on the composition This is because parent lattice so as to reduce defect propagation and rehabilitate
materials are chosen similar in nature, in order to avoidl-VI materials for the design of blue-UV optoelectronic
structural phase transitions or direct-to-indirect band-gapystems’®
crossovers.However, it is necessary to mention that perco- The zone-center~0) longitudinal optical(LO) and
lation concepts were introduced to analyze the advancettansverse opticalTO) phonons of BeSe and the alloy
characterization of phondd and carrier transpdttin  zn,_,BeSe were recently identified in earlier infrared and
AlGaAs. Raman analysi$:'? Most of the Raman spectra were re-
Recently the attention turned towards the new attractiveeorded with the(LO allowed, TO forbiddepbackscattering
class of zinc-blende ternary alloys made from binaries withgeometry’'* At first sight the alloy shows a two-mode be-
highly contrasted mechanical properties, and deviations frorhavior, as expected from the modified-random-element-
this simple picture were predicted. In particular, inisodisplacementMREI) model*® This typical behavior is
GaAs _N, Bellaiche, Wei, and Zunger expect striking indeed observed in similarly mismatched alloys ZnS-ZnTe
bond-length anomalies at the bond-percolation thresHolds(Ref. 14 and InAs-GaAs> However, out of the dilute limits
They also found that the band-gap bowing would becom&nBeSe exhibits unexpectedly an additional mode, on top of
unusually large and composition dependent. We are nathe nominal MREI one&®*' Only little attention was
aware of any prediction/observation of specific vibrationalawarded to this mode in previous studies. At the present
properties in mixed compounds with contrasted bond stiffstage, it appears that the extra mode does not result from
ness. Nevertheless, latter class of alloys opens the way fastructural disorder since high-crystalline quality is evidenced
the observation of percolative effects by vibrational spec-at anyx by x-ray diffraction, nor from symmetry breaking
troscopies since these techniques address directly the foreie to lattice distortiotf since it obeys the standarg0
constant of the bonding, which is extremely sensitive to theselection rules! Besides it depicts an intrinsic feature since
mechanical properties of the host matrix. it occurs in epitaxial layefs as well as in bulk-mixed
Mixed crystal ZnSe-BeSe is another system with a shargrystals® It was first assigned from Raman analysis as the
contrast in mechanical properties of the two constituentsznSe-like 2TO (2TQ,.s) model® but infrared measure-
Veérig> has predicted a highly covalent bonding for BeSe,ments eventually showed that it split in(EO,LO) doublet
which finds its expression in a reduced lattice parameter ofelated to Be-Se bonds.
5.037 A and a remarkably high reduced shear mod@isf In this work, we present further analysis of the Raman
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FIG. 2. Raman spectra for Zn,Be,Se/GaAs in backscattering
geometry along thgl10] edge axis. The high-frequency side of the
spectra corresponding t0<0.67 (x=0.92) is multiplied by 5(di-
vided by 20. Label “a” refers to the “additional” TO branch. An
example of two-mode TO simulatior(see text is shown by thin
lines (x=0.31). When relevant thp values corresponding to the
best agreement are indicated. The star indicates a parasitical laser
line.

FIG. 1. Raman spectra for £n,Be,Se/GaAs in backscattering
geometry along thE001] growth axis. Label “a” refers to the “ad-
ditional” LO branch. An example of two-mode LO simulatiofsee
text) is shown by thin lines X=0.62). The calculated ZnSe-like
additional LO mode emerges at higher frequency than the “nomi
nal” one. When relevant the@ values corresponding to the best
agreement are indicated.

spectra for this alloy throughout the whole composition
range by using both LO- and TO-allowed scattering geom292.3 cm?, or to a TQaslike (268 cm®) LO phonon-
etries, in order to get an insight on each component of thglasmon(LO-P) coupled mode involved with a hole g&s.
extra doublet. We find that the extra BeSe-like mode results We first comment on the low-frequency signal from
from a specific percolative context that takes place only inZn, _,BeSe. A well-known consequence of the lack of
alloys with highly contrasted bond stiffness. translational symmetry in a mixed crystal is the activation of
After a brief description of the experimental details in broad features that mirror the one-phonon state density and
Sec. II, we present our experimental results in details in Secorrespond usually to zone-edge modeShis is evidenced
[ll. Section IV contains our analysis of the Raman spectra irhere by the presence of the structures labeled &Ad LAy,
the context of the bond-percolation phenomena. Conclusionshich we assign as the longitudinal-acoustical bands at
are summarized in Sec. V. edges. andX.'® We underline that each LA band exhibits a
single-mode behavior and slides between the corresponding
binary frequencies, identified as 166—220 ¢rfor LA, and
194-246 cm? for LAy.'® The lower frequencies corre-
We use ~1-um-thick Zn,_,BeSe layers covering the spond to ZnSe and the higher ones to BeSe. Slight deviations
whole composition range, deposited by molecular-beam epifrom linearity may be attributed to line shape distortions of
taxy on (001) GaAs. Unpolarized Raman spectra were re-the LA continua due to Fano-like interferentesiith the
corded at room temperature, with the Dilor-microprobediscrete q~0 TO,,.sc mode that emerges around 220
setup, in the backscattering geometry, under standard illumiem 1.°=*? This is suggested by the characteristic antireso-
nation, with the 514.5-nm radiation from an“Akaser as the nance that shows up within the overlapping energy rdAge.
exciting source. The excitation-detection direction was alongrhe key information here is that in both geometries the LA
the [001] growth or[110] edge crystal axis. In the first ge- bands show extraordinary strength within the percolation re-
ometry LO modes are allowed and TO modes are forbiddengime (Xge.se<X<Xzn.s9, With a maximum contribution at
the situation is reversed in the second geometry. By using a~0.5.
green excitation the samples are transparent/absorbinglike so We consider now the~0 signal. As already mentioned
that the spectra recorded along the growth axis bring thenost of the Raman spectra available in the literature refer to
responses from both the whole of the layer and the neathe LO symmetry, and are similar to those reported in Fig. 1.
interfacial substrate. zn,Be,Se responses recorded along At first sight ZnBeSe seems to obey a typical MREI-like
the edge axis refer to similar scattering volumes although thévo-mode behavior, referred below as the “nominal” behav-
microprobe overlaps into GaAs in some cases, and can hier. The ZnSe-like component, labeled £Q;, is located
directly compared in a first approximation. within the optical band of ZnSe, i.e., 206—253 thwhile
the BeSe-like one, labeled lgQg, shifts progressively be-
tween the local mode of Be in ZnSe at 445 Cmlabeled
ZnSe:Be and the L{.s. mode at 578 cm'.®>!? We also
Representative spectra obtained along the growth andotice that there is clear evidence of an additional mode,
edge axis are reported in Figs. 1 and 2, respectively. Corshown as L@, g, This mode emerges only in the interme-
cerning the substrate side, we just mention that the longitueiate composition range, in the form of a broad and weak
dinal optical response corresponds either to the LO mode, ahoulder located on the low-frequency side of the nominal

Il. EXPERIMENT

IIl. EXPERIMENTAL RESULTS
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& Our aim now is to provide a framework for the quantita-
4004~ 200cm! . . tive discussion of the BeSe-like bi-modal behavior within the

0.0 0.2 04 , 06 0.8 1.0 percolation regime. We have already underlined that the
BeSe and ZnSe force constants differ by nearly a factor of 2.
FIG. 3. Compositional dependencies of the additionabd§  On this basis, we suggest that a pseudocontinuous hardlike
(circles and LQOye.ge (Squarek branches. Full lines indicate MREI - ¢\ ,pnmatrix builds up wher goes aboveXge se.
predictions(see text by using the specific end value§ indicated by As a starting basis, it is necessary to summarize the way a
the arrows. The additional mode observedat0.09 in the LO- oot marrix i.e., a continuum, in a ternary alloy acts upon a
allowed (1) and TO-allowed(2) geometries is shown in the inset. local given bond when the composition changes. As an ex-
“Ie"and fo” are.condensed notations for Raman intensity armlample, we consider the nominal BeSe-like mode in ZnBeSe.
frequency respectively. At low Be content, owing to the lattice mismatch between
ZnSe and BeSe, Be-Se bonds undergo a tensile strain due to

LOge.se mode. Its relatively small strength might explain {ne 7nSe-like matrix, which reduces the effective force con-
why it attracted so little attention in the previous studies. stant. This gives rise to a local BeSe-like mode emerging at

This additional mode appears stro_ngly_ in the new datgyg cm', i.e., below the optical band of BeSe, namely,
related to the TO symmetry, reported in Fig. 2. The Ramarsg1 _57g ¢, As x increases the initial ZnSe-like host ma-
signal in the 400—600 cit range can be divided into tWo iy turns BeSe-like so that the medium influence vanishes

contributions with similar_intensities, so that the trge pimodaland the bulklike LO and TO frequencies are progressively
character of the BeSe-like response becomes 'nd'Sp“tablF‘ecovered. These well-known bond-in-a-continuum fre-

The higher frequency mode corresponds to the nominal TQency characteristics are typically accounted for by the phe-
vibration and is labeled Tg.s, While the additional mode nomenological MREI modéf

appears on the lower frequency side, and is labelefl, TO
This multimode behavior is atypical since the extra mode is .
activated within the percolation regime only. Near A. Percolative context
~Xge.se We have investigated several samples with small  As shown in Fig. 3 the TO-LO splitting of the additional
changes in compositiofrefer to Fig. 2 and it is striking that  mode obeys the MREI model for all but that a “rescaled”
Xge-seCOIresponds indeed closely to the first clear emergencgliloy is considered fromg,.s.. The rescaling procedure con-
of the extra TO mode. Unfortunately, we did not have similarsists first in a parametrization of the hardlike submatrix cor-
composition variation arouns,, s.. However, other work responding to a renormalized compositips (X— Xge.sd (1
has pointed out that the additional doublet can actually be-x,_ .)~! varying from 0 to 1 forx betweenxge.seand 1.
observed up tx=0.8, corresponding to latter limit. For our Second, the degenerated extra moda-akg..se located at
part, we observe the TR s.mode up to the highest Be con- 400+ 3 cm™ ! is assigned as the true local mode of Be within
tent that we have within the percolation range, 0.7  |atter submatrix. At last the L. frequency is renormal-
(refer to Figs. 2 and )3 while it disappears at our first com- ized to 543-5 cm !, as strongly suggested by the experi-
position beyondxz,.se, corresponding tox=0.92 (refer to  mental data in Fig. 3. Besides the starting TO and LO fre-
Fig. 2. guencies for the Zn-Se bonds are taken as the nominal MREI
More generally the additional mode has the following values atx=xg, 5., Namely, 214 and 251.5 crh'? The fre-
characteristics. First it is a redl'O,LO) doublet since the quencies of the TE.s.mode and the local mode of zinc in
LO-like mode emerges at significantly higher frequency tharBeSe remain unchanged at 501 and 231 tmespectively.
the TO-like one, as shown in Fig. 3. The two branches exThe resulting frequencies for the additional TO and LO
hibit monotonic red shifts wher decreases. Concomitantly modes are shown by solid lines in Fig. 3. A very good agree-
the LO-TO splitting reduces; the two branches converganent with the experimental frequencies is seen.
around 40@:-3 cmi! at X~Xge.se, Which also appears in  As possible explanations for the atypical end frequencies
other datd’ Besides regarding the intensity aspect, one Crurequired above we propose the following. Be-Se bonds “in
cial information is that the T§)_s.mode grows at the cost of excess” within the hardlike submatrix formed spontaneously
the nominal T@..s. mode whenx increases. The balance abovexge.s.Should undergo a larger tensile strain to match
between the intensities of latter two modes is equilibrated athe surrounding lattice parameter than those resulting from a
x~0.5. In fact, the TQ..se mode almost disappears &t very low Be incorporation, dispersed within the softer ZnSe-
=0.67 (refer to Fig. 2. This behavior is also atypical in like matrix. As a result the additional local BeSe-like mode
multimode descriptions, it suggests that the additional an@x~xge.s) is shifted to lower frequency, i.e400 cm %,
nominal BeSe-like TO modes are coupled in some way. than the nominal onex¢t~0), at 445 cm®. Besides we sug-
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gest that within the percolation range confinement effects
due to intermixing of the two pseudocontinuous submatrices
destroy long-range polarization effects. As a consequence,
the propagating Lg..scmode within the hardlike submatrix
would turn into a surface mode, as is indeed currently ob-
served in confined systems, corresponding to a renormalized
frequency within the optical barfd.This is satisfactorily ac-
counted for at each composition by taking the reduced LO
frequency at~543 cni ! in end material BeSe for the MREI
calculations. Microscopic approaches are needed to under-
stand fully both frequency renormalizations.

To the best of our knowledge there are no vibrational data
available in the literature in the Zn-dilute domain. Our data
related tox~0.92 provide, therefore, a check in at this limit.
Above Xz, scthe hardlike infinite cluster turns into a continu-
ous medium and long-range polarization effects should be
recovered. As a matter of fact the TO and LO BeSe-like
frequencies calculated for=0.92 with the “rescaled” alloy
by taking 578 cm* as the end frequency for the LO mode in
BeSe are consistent with the ddt@ot shown. In contrast,
similar calculations performed with the MREI model corre-
sponding to w(ZnSe:Be}x445cm? and w(LOgqsd
=578 cm ! bring unrealistically LO and TO frequencies on
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The picture that emerges is that within the percolation
range the alloy consists of a composite system made mainly riG. 4. Composition dependence for the full widths at half
of two interlaced butseparatepseudocontinuous submatri- maximum of the optical modes) and for the volume fractiop of
ces: a Be-rich region with relatively large stiffness coeffi- the hardlike submatrixb). In part(a) thin solid lines are added as
cient, and a relatively soft Zn-rich region. Out of the perco-guidelines for the eyes.
lation range the picture of a single matrix prevails. This is
softlike in the Be-dilute limit and hardlike at the other ex- for both the squares of the dynamical charges and the Faust-
tremity. The whole composition dependence of the BeSe-likgdenry coefficients, and by using equations of motion and
phonon frequencies within ZnBeSe can be described in termsolarization derived from the MREI model. The detailed pro-
of a generalized version of the standard MREI model. cedure is reported elsewhéfelf we neglect in a first ap-

It is worth noticing that the above simple picture does notproximation the persisting distributions of finite-size clusters
take into account that within the percolation range a distrithat coexist with the two submatrices within the percolation
bution of finite-size hardlike and softlike clusters coexistsrange, the weighting factor is labelgdor the hardlike sub-
with the two submatrice$. Out of the percolation range the matrix and 1- p for the softlike one. It seems reasonable that
minor phase persists but is represented by the finite-size clup—~1—p~0.5 atx=0.5. Satisfactory agreement with the ob-
ters only. In particular, belovwxg, 5. the persistence of the served intensities of the two BeSe-like TO modes at this
weak TO-LO degenerated contribution around 400 tisee  composition requires the renormalization of the Faust-Henry
the inset in Fig. Bis interpreted as a “reminiscence” of the coefficient related to bonding Be-Se within the hardlike sub-
extra local mode of Be within the finite-size hardlike clus- matrix. We find Che.se= — 0.6, which differs by less than
ters. Further discussion of this mode goes beyond the scopgsos from the nominal value, i.6Gge.s= — 0.7% Parameter
of this work. p is then optimized at each composition from the observed
TO intensity ratio. The damping coefficients of the optical
BeSe-like modes used for the line shape calculations were
obtained from the full width at half maximum of the experi-

We address now the key issue of the coupling between thmental lines, reported in Fig.(@. One important informa-
nominal and additional BeSe-like optical modes. Within thetion is that the treatment requires basically one parameter
percolation range both quasicontinuous submatrices arenly (p) to account for the TO-like multimode behavior.
transparent to the exciting radiation, owing to the large gap Alternatively, parametep could also be derived at each
of ZnBeSe alloys. In this condition, the LO and TO modes ofcomposition from the ratio between the absolute intensity of
the whole system should result mainly from the simple adthe LGs..g mode and that of the corresponding theoretical
dition of the corresponding signals from each submatrixJine shap&® normalized to a layer thickness ofm. How-
weighted by their relative scattering volumes. Line shapesver, we have shown elsewhere that fram0.5 a near-
analysis of the ZnSe- and BeSe-like modes is achievedhterfacial disordered layer, with a Raman signal correspond-
within the Hon and Faust approd@ly taking linear depen- ing to a broad band at 250 ¢t is built up on the alloy side
dency vsx (softlike continuum andy (hardlike continuum  before the ordered alloy is grown up to the surfatVe

X

B. Coupling effect
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have also observed that this disordered layer enlarges when The two usual approaches describe multimodes occurring
increases. However, its real thickness is unknown at thigt any composition, and attributed to different local atomic
stage, and the same holds true for the real thickness of trerangements in an alloy otherwise consideredh@sioge-
ordered alloy. This prevents any reliable treatment based opeousat the macroscopic scale. In these conditions the LO
the absolute intensity of the L{Q.s.mode. For the presenta- line shapes are basically obtained from the imaginary part of
tion in Fig. 1 the theoretical line shapes are artificially nor-2 Single dielectric function with multiple oscillators. With

malized so as to obtain the best agreement between the e)lintairov's approach latter distribution is predetermined em-
perimental and calculated L s, modes. pirically at each composition and the problem then reduces

The resulting LO and TO multimode line shapes agreeto the determination of the characteristic phonon frequencies
rather well with the experimental curves, as shown in Figs. 1for each of the considered clusters. This is deduced from the

and 2. No attention was awarded to the ZnSe-like TO modeggl(é T]?arl{e%'sg erjls?r? C#rrs\‘lfsri?gi tlr:aes ?rlmfgt}rr]igts mTI%ZJSCEmCt?::eS
since these are screened by the LA contributions. Concernin y g P b i Y

the LO symmetry, we notice that the additional ZnSe_”kegarameters are the oscillator strengths. These finally provide

de st b th nal q s for th the relative population for each kind of cluster within the
mode stays above the nominal oné and accounts for the aBlloy. With Verleur and Baker’s approach all possible clusters
parent blue shift of the experimental mode ungéncrease

o area priori simultaneously considered. Their relative popu-
(refer tox=0.62in Fig. 3. , , lation within the alloy is fixed by the so-called probability
However, there are 5|g|_1|f|ca_nt dlscrepancu_es between _thﬂll parameters are simultaneously left free, i.e., the phonon
experimental and theoretical line shapes. First, we notic&equencies and oscillator strengths, both depending on un-
clear frequency shifts. Our present view is that these arisnown parametef that is derived from a curve-fitting pro-
from a lattice parameter conflict between the coexisting hardeedure at each composition.
like (Be-rich) and softlike(Be-poo) clusters. Owing to the In the present case the context is different since the ob-
mechanical contrast latter conflict should not end up in hoserved multimode behavior occurs within the percolation
mogenization, as in conventional ternary alloys, but shouldange only, and exhibits an atypical coupling effect. Both
rather generate at anyinternal strains within both subma- characters are well accounted for by considering that the two
trices. Second, it is remarkable that the calculated additiongiseudocontinua that coexist within the percolation range
ZnSe- and BeSe-like LO mode systematically overestimatesarry different mechanical properties. This macroscopic con-
the corresponding experimental curvefer to Fig. 2. More-  trast would result directly from the unusually large contrast
over, we notice from Fig. @) that in contrast with the other in the Zn-Se and Be-Se bond stiffness. The resulting picture
optical modes the L), c,mode becomes overdamped underfor any allpy in the mtermedlat_e composition range is that of
x increase. The reasons for the overdamping and reduce?iCOMPposite system made mainly of tahistinctinfinite sub-

strength of the additional LO mode remain unclear at thighatrices, each characterized bggecificdielectric function.
stage. Owing to the macroscopic character of these submatrices the

The evolution of parametay vs x is shown in Fig. 4b). dependences vs the composition of both the phonon frequen-
AbOVe Xge_seUp t0X~0.4, p is not an increasing function of cies and oscillator strengths in each dielectric function can be
x and remains unexpectedly large. This is attributed to th&lerived from the frequencies observed in the high-dilution
mixed character of the Raman signal-a400 cm % As al- limits according to the phenomenological MREI model. In a
ready mentioned this arises not only from the as-grown hardfirst approximation, the whole multimode behavior is deter-
like submatrix but also from a persisting distribution of iso- Mined by using a single free parameter corresponding to the
lated hardlike clusters. The Raman signal from the lattefelative volume fraction of each submatrix within the alloy.

cannot be neglected closexg..ge. As it does not come from
a quasicontinuum, the MREI model is not relevant for its
calculation, which brings an erroneous evolutionpo¥'s x
close toxge.ge- Under further Be incorporation the isolated  One important remaining point is the atypical strength of
clusters progressively coalesce and incorporate the hardlikbe LA bands within the percolation range. This does not
submatrix that grows bigger, so that the picture of a singlecome from the near-interfacial disordered layer that forms
pseudocontinuous hardlike region should finally prevail. Atfrom x~0.5 since the intensity of the LA bands and the
this limit the MREI model should fully apply and the varia- thickness of this layer have opposite variations when-
tion of p vs x should then provide information upon the creases. As a possible explanation, we propose that by get-
growth of the hardlike infinite cluster under Be incorpora-ting into the percolation range mechanical disorder resulting
tion. Ourp(x) curve should, therefore, match asymptotically from the intermixing of the soft and hardlike submatrices
only future corresponding theoretical predictions. suddenly reduces the acoustic-phonon correlation length, and
We mention that the MREI approach was never considthereby enlargeg# 0 effects. Under furthex increase the
ered before to account for multimode behaviors in Ramaristribution of available wave vectors should give greater
spectra of alloys. Either the statistical approach of Verleuplace to zone-edge modes, corresponding to the lowest cor-
and Bakef* or the empirical one from Mintairov and relation lengths, and become more and more narrow. As ex-
Temkir?® were systematically used. For a simplified com-pected, maximum effect is observedkat 0.5, corresponding
parison between the three methods, we restrict our discussiaa the closest intermixing. At this limit, we suggest that only
to the LO symmetry only. very-near zone-edge modes should be allowed, with con-

C. LA extraordinary strength
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comitant effect upon the strength of the Raman signals at thelass of ternary zinc-blende alloys involving highly con-
corresponding frequencies. As expected a symmetric evolurasted bond stiffness. We use a simple percolative picture for
tion is observed at increasing values fThe above ap- its basic understanding. On the quantitative side our obser-
proach remains basically valid for the allowed optical modesvations can be quantitatively explained in terms of a gener-
We observe that most of the full widths at half maximum alized version of the standard modified-random-element-
indeed go through a maximum at-0.4 [refer to Fig. 48]  isodisplacement model.

corresponding approximately to the composition range asso- o the practical side this work provides direct vibrational

ciated with the largest mechanical disorder. _ evidence for a percolation behavior in a ternary semiconduc-
Out of_ the percolation range a single continuum prevaﬂstor alloy. More precisely, we show that between the bond-
so that first the phonon correlation length becomes quassercolation thresholds, i.ex~0.2—0.8, Zn_,Be,Se con-
, I . .8, Zn_y

infinite, which drastically weakens the LA bangefer to ists of two pseudocontinuous intermixed clusters with

Flgs. 1 and £, and second, mechanical disorder vanlshes.th ontrasted mechanical properties. It would be important to

Lo . find out how the resulting mechanical disorder could affect
BeSe-like linegrefer tox=0.99. BelowXge.sethe full width the performance of related optoelectronic devices.

at ?ahl‘ max”?ﬁ.m .Of tr;:a.tl)Beth—lflke modes r%malnﬁ Slfjr?r:'s' Possible occurence of such effects should be investigated
INgly ‘arge. IS IS allributed 1or a given branch of the ., only in other ternary II-VI Be chalcogenides but also in
(TO,LO) doublet to the disorder-induced activation of theIII-N-V alloys, such as Galhs, , when reasonable nitro-

[ —X

other theoretically forbidden branch, both being quasidegen- _ . ; -
erated for smalk values®!? The blue(redasymmetry of the gen incorporation can be achieved.
nominal TO(LO) mode belowxge.ge SUppOrts this assump-
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