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We present a detailed study of the Raman-scattering spectra by acoustical phonons in finite-size GaAs/AlAs
superlattices. The scattering geometry relies on an optical microcavity to enhance the Raman efficiency and to
access the),=0 forward-scattering contribution. The results are analyzed using a photoelastic model for the
Raman efficiency, which takes into account the superlattices finite size, the cavity confined optical field, and
the acoustical-phonon displacements including the elastic modulation. The latter are derived from a matrix
method implementation of the elastic continuum model for the complex layered structure. The calculations
provide a complete description of the main experimental results that indiydiee observation of low-energy
oscillations,(ii) the presence of three main Raman lines in the first folded-phonon spectral r@ijjothe
broadening of the Raman peaks, did the spectral shift of the lines with respect to the infinite superlattice.

In addition, the observed asymmetry of the main central peak is understood as dgg-t@reconservation
induced violation of the expected center-zone Raman selection rule. Besides providing a clear observation of
the finite-size effects on superlattice acoustical phonons, the reported results demonstrate the use of microcav-
ity geometries to access center-zone minigap excitation in layered structures.
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I. MOTIVATION observed in the Raman-scattering procegsStanding opti-
cal vibrations have also been recently repoftéd:oustical
Due to the spectral overlap and small elastic impedancehonons are different as the interactions are short range but

lattice (SL) made up of a periodic sequence of semiconducSize effects reported in the literature include standing acous-

tor layers can be described by backfolding the phonon diSycal waves of the whole structu¥&’ and interference effects

persion of an average bulk solid and opening of Sma";nuplzﬁarnﬁgeéslcatterlng observed in so-called mirror-plane
minigaps at the zone center and reduced new Brillouin-zone In this paper, we report on an experimental and theoretical

edge. On the other hand, in a Raman process performed hvestigation of finite-size effects on Raman scattering in
an mﬂmtg ideal SL in the transparency region crystal Mmo-z4as/AlAs Sl’s made by only a few periods. In order to
mentum is conserved. For a backscattering geometry alongnnance the weak Raman efficiency, we use a coupled opti-
the growth direction this implies that the wave vector trans—ca| microcavity designed for Raman double optical reso-
ferred isq,=k__+ks, with k; (ks) the laser(scatterefiwave  npance studies. The microcavity consists of two identical
number. Thus, in a Raman-scattering experiment involvingsaAs/AlAs SL's forming, respectively, the spacer of two
longitudinal-acoustioLA) phonons, characteristic doublets coupled microcavities, and which are separated and cladded
that reflect the folding of the phonon dispersion areby distributed Bragg reflectordBR’s).2 The structure has
observed. two optical modes that can be used for optical resonance
The above picture changes finite SL's made by only a enhancemerftWe address issues concerning the SLs limited
few periods, for which Brillouin-zone schemes and crystalnumber of periods, the coupling between the two SL’s, and
momentum conservation do not hold. Finite semiconductothe implication of photon confinement in the Raman-
heterostructures have been investigated for some %iffe. scattering process. We show that several interesting effects
From the experimental point of view, the finite-size effectsarise and that a photoelastic model including the proper de-
have been identified in different kinds of excitations. Thesescription of the structure’s acoustical vibrations and photon
include plasmons in multilayers with two-dimensional elec-field provide a precise quantitative description of the Raman-
tron gases,optical phonons in GaAs/AlAs multiple quantum scattering spectra.
wells,/® and acoustical phonons in semiconductor The paper is organized as follows. In the following sec-
superlattice$-! Plasmons and optical phonons are excita-tion, we describe the coupled optical microcavity sample and
tions confined to specific layers, which are coupled throughhe Raman scattering setup used for double optical resonance
long-range Coulomb interactions. The observed effects magmplification. In Sec. Ill, we present and discuss the experi-
be basically resumed in the apparition of “surface modes” atmental results and calculations. Finally, some conclusions
the limiting surfaces of the sample, and in a discretization ofare drawn in Sec. IV, and implications for the manipulation
the wave vector along the heterostructure growth ax)s ( of acoustical excitations and their study in optically confined
Also, a relaxation of the wave vector conservation alaig  structures are presented.
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Il. SAMPLE AND EXPERIMENTAL SETUP i IMoclle1 1 77 Mode 2
Semiconductor planar optical microcavities are dielectric
layered structures consisting of the optically active medium
enclosed by DBR'$?3|n these photonic structures the op-
tical field is confined and enhanced within the active region,
leading to a variety of phenomena that include a modified
emission rate and strongly coupled exciton-cavity-photon
polaritons!? It has been showirt*~5that the cavity modified I ]
photon spectral and spatial density of states can be used to Anti-Stokes  Stokes Anti-Stokes =~ Stokes
enhance the inelastic light-scattering efficiency with amplifi- -20-10 0 10 20 -20-10 O 10 20
cation factors~10*— 1CP. Raman shift [em™] Raman shift [em™]

In standard microcavities designed with only one confined s ¢ Typical Stokes and anti-Stokes spectra in the energy

optical mode, the tuning of both the laser and the Stokegggion corresponding to the first folded-acoustic phonons, obtained
(nondegenerajephotons can be accomplished by tuning theyith 850-nm excitation using either the upg@y or lower (2) cav-
incidence and scattered angles with respect to the growtiy mode for Raman amplification.

axis (z).%1*1%This scattering geometry is appropriate for the
study of small energy excitations, but becomes cumbersomgae nominal GaAs/AlAs width ratio is constant throughout
above~35 meV (e.g., for optical phononsvhere incidence the whole structure.
angles typically larger than-50° have to be used. In this The Raman experiments were performed at 77 K using a
latter case, more convenient microcavities with two opticaltriple Jobin-Yvon T64000 spectrometer equipped with a
modes can be design&d’*® These coupled double micro- N,-cooled charge-coupled device. A Ti-sapphire laser was
cavities consist of two./2 spacers enclosed by top and bot-used as the excitation source at energies in the range 810—
tom DBR’s, and separated by a lower reflectivity mirror. Two 850 nm, well below the SL's fundamental exciton absorption
split cavity modes exist with maxima in the spacers. But thel~1.6 eV=775 nm). Due to some weak parasitic lumines-
two modes differ in their paritysymmetric and antisymmet- Cence coming from the substrate, the best spectra were ob-
ric) with respect to the center of the structdfe. tained at~850 nm, below the GaAs gafl.515 eV=820

A coupled cavity designed as described above was used fim- The spectra were acquired using a triple subtractive
Ref. 8 to study the optical phonons of finite SLs. This Sameconﬂguranon with spectral resolution around 0.1-0.2 ém
structure will be used here for investigating the Raman-

Intensity [arb. units]

-— laser

scattering acoustical-phonon spectra of finite SL's in a mi- . RESULTS
crocavity geometry. Since the acoustical-folded-phononlike In thi i i t th : tal It
excitations are in the range 10-30ch (e, ~1 i This section, we Wil present ne experimentar resus

and calculations based on a photoelastic model for the
Raman-scattering efficiency. In order to separate the effects

h led doubl . o ired for thi that are due exclusively to interference properties of the Ra-
thus a coupled double microcavity is not required for thisy, o, efficiency! from those that essentially depend on the

purpose. However, the sample has the added interest of theqstic-phonon structure of the finite SL's, calculations
phonon-coupling effects between SL's and the possibility tohaye heen performed both considering the bulklike acoustic
perform the Raman process through either one of the SYMshonons of an average medium, and also the appropriate
metric or the antisymmetric cavity modes. These two issuego|ution of the acoustic wave equation in the layered me-
will be considered in this work besides the results intrinsic togium. We will address the following issue$) the finite-size
the individual SL's finite size. In our eXperimentS, for StokeSeﬁects in the Raman Spectra’ that iS, phenomena due to the
(anti-Stokeg spectra the collectiofexcitatior) was set along  reduced number of SL layer§j) consequences in the scat-
Z, while the eXCitatiOI‘(CO”eCtion) angle was adjusted around tering process due to the Cavity_photon Confineméiﬁt)
~3°—5° for double optical resonant enhancement using eicoupling effects between the two SL's, and, l4ist) whether
ther one of the two cavity modes. the symmetry of the photon cavity mode is relevant or not
The studied structure consists of twé2 spacers made by for the Raman process. The section is organized as follows:
10.5-period GaAB.5 nm/AlAs(4.4 nm SL's of 8.5-nm/ e first present the experimental results, followed by calcu-
4.4-nm nominal width. These spacers were enclosed by 2@tions that enable a separate description of the observed ef-
DBR Ga gAlo.,As/AlAs pairs on the bottom, 16 on top, and fects, and finally by a discussion in which the full calculation

8.5 in between. The structure was purposely grown with 3s compared with the experimental results.
slight taper that enables a tuning of the cavity modes by

displacing the laser spot on the sample surf@ee Fig. 1 of
Ref. 8. The two cavity modes, split by-35 meV, can be
tuned this way from~1.45 eV (855 nm to ~1.55 eV (800 In Fig. 1, we show typical spectra obtained with 850-nm
nm). The layer widths at the precise spot where the Ramaexcitation using either the upper or lower cavity mode for
spectra were acquired were deduced from the total cavitiRaman amplification. Such cavity tuning was accomplished
width as derived from the cavity mode energy, assuming thaby displacing the laser spot in the sample surface while keep-

—4 meV), the angular tuning of the double optical reso-
nance using a single cavity mdtfé1®is straightforward and

A. Experiment
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ing all other experimental parameters fixed. The cavity mode ' ' ' ' '
linewidth, determined mainly by the collection solid angle
and the laser spot diameter, was around 10—12%crithis
implies that no peak is selectively amplified, and thus that
the relative intensity of the different spectral features is
intrinsic®4

The most important results are as follows:

(i) three main peaks are observed at10.9 cm?,
~12.4 cm!, and~14.5 cm !, respectively. These are la- m&
beled with thick down arrows in Fig. 1. The doublet expected

assuming a standard backscattering spectra with 850-nm ex- - 3

citation should be split by-2.8 cni™ L. Note, however, that 5 10 15 20 25

the full separation of these peaks-s3.6 cmi ! and that no Raman shift [cm™]

pair can be assigned straightforwardly to the first folded-

acoustic-phonon doublet. FIG. 2. Calculated Raman spectra for GaAs/AlAs SL’s of vary-
(ii) Besides the main peaks, weaker equally spaced oscilrg number of layers from 3 to 57. The GaAs/AlAs layer widths are

lations are well discerned mainly towards low energies ~ constant and correspond to the real structure (74 A/38 A).

dicated with up arrows in Fig.)1Note in particular the anti-

Stokes spectrum of mode 1, which was taken with theyo-workers’* With this model one can obtain the transmis-
Raman amplification set at lower energies in order to highsjon of acoustical waves through the structure, and the dis-
light these features. placement pattern as a function of the phonon energy, which

(i) The peaks in the spectra are relatively broad. Thes ysed as input for the evaluation of the Raman efficiency
linewidth is intrinsic as verified by increasing the spectraI[Eq, 1. The matrix method is equivalent to that used to
resolution with no noticeable change in the spectral shape.describe the propagation of light in layered mediand

(iv) The spectra taken with mode 1 and 2 are similaryhich we implemented for the calculation of the cavity pho-
indicating that the symmetry of the cavity mode is not rel-ton field. In order to discern the interference effects that arise

Intensity [arb. units]

L
L

evant to the Raman-scattering process. from the photoacoustic modulation of the finite structtire
from those effects that reflect the specific phonon pattern of
B. Photoelastic model calculations the acoustically modulated structure, we compare the results

with calculations of the Raman efficiency using a simplified
average medium description of the phonon spectra. Within
This latter description the phonon displacement pattern is

Within a photoelastic model for scattering by
longitudinal-acoustic phonons the Raman efficiency is give

1
by taken as®(z) =co0s(,2), with the dispersion relation given
5 by wq=0,|vac With v, the average sound velocity™ We
d * IP(2) note that such a linear dispersion does not include the folded-
I(wq ) zZE E5p(2) : (o e S ;
z Jz phonon minigaps and thus is strictly valid only away from
_ _ _ the reduced Brillouin-zone edges.

whereE, (Eg) is the laseiscatteredi field, p(z) is the spa- In Fig. 2, we show calculated Raman spectra in the spec-

tially varying photoelastic constant, adddescribes the pho-  tral region corresponding to the first folded-phonon doublet
non displacement. For an infinite periodic SL, the wave vecand for GaAs/AlAs SL’s of varying number of periods from
tor g, is a good quantum number for the structure’si 5 to 28.5. The GaAs/AlAs layer widths are constant and
vibrations. In this case and for the usual experimental condicorrespond to the real structure (74 A/38 A), as determined
tions given by a backscattering geometry with laser and thgrom the nominal GaAs/AlAs ratio and the cavity mode en-
scattered fields given by plane waves E{=e'*t*%9%)  grgy at the specific sample spot where the Raman amplifica-
Eq. (1) leads to the phonon doublets with transferred wavetion was performed. For the shown spectra we consider a
number given by the conservation lay=k, +ks. For the  single SL and a standard backscattering configuration with
case we are discussing, however, the following points must =850 nm. Note that quasiconservation of wave vector
be considered(i) the integration is performed for limited |eads to the observation of doubletlike features for as few as
values ofz given by the finite size of the structur@i) E, 3.5 SL periods(third curve from bottomh The finite-size
and Eg correspond to the cavity confined photons and theireffects are apparent in the spectra, including the broadening
amplitude and spatial distribution have to be properly takerof the peaks and the observation of oscillations in the low-
into account, andiii) in order to fully describe the Raman energy side of the doublet. These features are conceptually
spectra the phonon-displacement patt®rinas to be evalu- similar to a diffraction pattern where the peak widths depend
ated considering the acoustic modulation of the reabn the number of illuminated grooves and the satellites cor-
structure* respond to the side maxintaNote also that these oscilla-

For the evaluation of the acoustical phonons in the laytions modulate the whole spectra. In consequence, the pre-
ered structure, we have used the standard elastic continuuaise position of the doubletlike peaks is size dependent, this
description of the sound waves as originally proposed byeffect being clearer for the structures with fewer periods and
Rytov?? and implemented using a matrix method by He andhence broader spectra.
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FIG. 4. Calculated forward-scatteringS, solid thick curvie
and backscattering BS, dashed curyecontribution to theX

FIG. 3. Calculated Raman spectra for a single SL with param-=850-nm Raman spectra corresponding to a single 10.5-period SL
eters of the real structuréactual number of periods and layer €mbedded in a microcavity. The spectra are superimposed to the
widths as a function of transferred, and for a standard back- phonon tra_nsmlssmn amplltudg in the first folded-phonon doublet
scattering geometry. The transferred wave vector spans the ranG€rgy regior(see text for details
from ¢,=0 (top spectrum to q=211x10* cm~! (bottom-most
spectrum. The spectral region corresponding to the first twothe same standing Wa\EL=ES=eikzz+e‘ikzz, where, by
folded-phonon doublets¥1 and=*2) is shown. The dotted curves construction,k,= /D (D is the spacer width? Note that
are guides to the eye. Note that the=0 peaks are asymmetric, the |aser and the Stokes photons are tuned with the same
with nonzero scattering weight at the position of the “forbidden” cavity mode but slightly different angles, that s, differkmt
doublet mode$(+1) for the ~15-cm * doublet and ¢2) for the | consequence, in Edl) the photon field part of the inte-
~30-cm* one]. The latter are highlighted with circles in the fig- .54 is given, besides a multiplicative constant determined
ure. by the amplification characteristics of the cavityZby

Another interesting feature deriving from the SL finite
size can be appreciated in Fig. 3, where we present calcu- EEL=|E(2)|2=2+ (22 + e 122), ®)
lated Raman spectra for a single SL with the real structure s
(actual number of periods and layer widtles a function of
transferredq, and for a standard backscattering geometry. Equation(2) implies, on one hand, that the Raman effi-
The transferred wave vector spans the range fygm0 (top ~ ciency is exactly the same whether the experiment is per-
spectrum to q=211x10* cm ! (bottom-most spectrum  formed through any one of the two cavity modes, in corre-
The latter corresponds to a laser wavelength200 nm with ~ spondence with the experimental results. On the other hand,
an effective refractive index of the SL's\.;;=3.36. The it indicates that, in a cavity, both a forward-scatteritige
spectral region corresponding to the first two folded-phonorierm 2 and a backscattering contributior! {2+ e~ 2¢z?)
doublets is shown. The position of the doublet peaks basiare coherently added to the Raman efficiency. The former
cally reflects theq, dispersion of the acoustical phonons of corresponds to a wave-vector transége=0, while for the
an infinite SL with the same period and GaAs/AlAs ratio. latter q,=27/D.
Note that while two doublet peaks are observed for large We show in Fig. 4 calculated =850-nm Raman spectra
g,'s, only one is apparent fay,=0. For an infinite SL and corresponding to a single 10.5-period SL embedded in a mi-
g,=0, the two phonon modes corresponding to the centererocavity where, for clarity, we have evaluated separately the
zone doublets differ in their parity with respect to the centerforward-scattering and backscattering terms. The shown
of the layers: This leads, following Eq(1), to one of these spectra correspond to the first folded-phonon doublet region,
modes being Raman forbidden. Interestingly, note that fomnd are superimposed to the phonon transmission amplitude
our finite-size structure), conservation is partially relaxed calculated with the matrix method discussed above. Several
leading to a “violation” of this selection rule. This is re- features should be highlighted:
flected, in the shown calculated spectra, in asymmetric peaks (i) the transmission minimum corresponds to the first
for g,=0 with nonzero scattering weight at the position of center-zone minigap.
the “forbidden” peak[(+1) for the ~15-cm ! doublet and (i) The backscattering doublet is centered at this minigap,
(—2) for the ~30-cni ! onel. and displays the discussed low-energy oscillations and the

The above discussed figures were obtained consideringaman selection rule which explains the stronger intensity of
the standard backscattering geometry with laser and scatterélae (—1) peak. These peaks are out of the minigap because
fields described by plane waves. When the SL is embeddeq,#0.
in a microcavity and under double optical resonance condi- (i) The forward-scattering peak correspondsate=0
tions, on the other hand, both the laser and the Stokes fieldsd thus appears at the low-energy limit of the minigap. Note
correspond to cavity confined modes. In this case within thehat, as discussed above, due to partiainonconservation
spacer the dependence of the two photon fields are given bythis latter peak is asymmetric with nonzero scattering weight
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FIG. 5. Raman spectra calculated for two 10.5-period SL's em- F|G. 6. We show from top to bottonti) a calculated spectrum
bedded in double microcavities with varying number of intermedi-corresponding to an “infinite” SL made by 100 periods and a back-
ate DBR layers. For comparison we also show the spectrum of gcattering standard configuration (88, (i) spectrum of a single
single SL in a cavitytopmost curve The SL parameters are those SL in a microcavity calculated considering the linear average media
of our real structure. acoustical-phonon dispersion (§(bulk)), (iii) a typical experi-

o . . . mental curve(Exp.), and(iv) the full calculation for a microcavity
W'th'n_the gap and_ at the high-energy S'd? of Fhe m,!n'gapembedded SL with phonon modes derived including the acoustical
The high-energy side corresponds to the “forbidder’l)  oqyjation (SE)). In all cases\ =850 nm. FS labels the forward-

te”T" I scattering contribution.
(iv) The low-energy oscillations add coherently from the

backscattering and forward-scattering contributions, thus eXgyo different physical phenomena: first, an interference of
plaining their strong intensity in the experimental spectra. he scattered field coming from the two SL's. These features
The observation of forward scattering due to the cavityare also present in calculations performed with the phonon
confinement deserves a brief comment. In fact, although it ige|q described by a linear average media dispersion. Such
customary to assume in Raman scattering in bulk material§nierference effect” is similar to that described for the
that the transferred wave vector is almost zero in Compa”so%irror-plane" superlattices reported in Ref. 11. And second,
to the bulk Brillouin-zone edge (#/A<w/a, with N the  gcattering intensities that depend on the phonon displacement
laser wavelength and the lattice parametgrit is nonnegli-  of acoustical modes that are specific to the complex layered
gible in terms of the reduced SL Brillouin zone. Conse-sirycture. The weight of the phonon pattern at the SLs, and
quently, the observed Raman doublets typically reflect thgne symmetry of the displacements within each SL layer,
bulk dispersion folding but are not influenced by the openingyasically determine the Raman efficiency for that specific
of the minigaps. In order to probe the minigaps, two strateyode, In any case, for the studied structure this modulation
gies have been pursued in the literature. On one hand, thg pejow the resolution limit of the experimental setup, and
zone edg% can be sensed by a proper design of the Shys we can conclude that the observed spectra essentially
strycture§. “On the other hand, forward-scattering geom-yefiect the properties of the envelope function, that is, the
etries have been usétiAs follows from Fig. 4, the cavity spectrum of a single-cavity confined finite-size SL.
geometry provides direct access to the minigap modes. In
addition, in finite-size structures, nonconservation leads to
spectral weight within the minigap energy range. As we will
discuss below, this result may have interesting implications We now proceed to compare the experimental Raman
for the study of acoustically confined structures. spectra of our double finite SL structure embedded in a cav-
Having discussed the effect of the SL finite size and of thaty with the photoelastic model calculations. For that purpose
cavity confinement, we address next the implications of havwe show in Fig. 6 from top to bottonti) a calculated spec-
ing two separate SL, coupled through the intermediate DBRrum corresponding to an “infinite” SL made by 100 periods
mirror. In Fig. 5, we show Raman spectra calculated for twoand a backscattering standard configurati@n;a single SL
10.5-period Sl's embedded in double microcavities within a microcavity calculated considering the linear average
varying number of intermediate DBR layers. For comparisormedia acoustical-phonon dispersidiij) a typical experi-
we also show the spectrum ofsingle SL in a cavity(top- ~ mental curve; andiv) the full calculation for a microcavity
most curve. In all cases the SL parameters are those of ouembedded SL with phonon modes derived including the
real structure. The bottom-most spectrum, with\g5DBR  acoustical modulation. In all casas=850 nm.
layers, corresponds to the double cavity used in our experi- The “infinte” SL curve (Sl defines the standard spec-
ments. As it is apparent from the spectra, the coupling of thérum with two narrow doublet peaks separated by
two SL's leads to a rapid modulation of spectra with basi-~2.8 cni'*. The (—1) component is slightly stronger due to
cally the same envelope function. This modulation reflectgshe discussed parity Raman selection rule. The compact

C. Discussion
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weak oscillations are discernible close to the major peakgbserved asymmetry of the main peak-at4.5 cm ®. For
much like in a diffraction grating pattern. The cavity spec-the backscattering part, on the other hand, wave vector non-
trum calculated with average “bulklike” phononBSLg1 conservation basically leads only to a line broadening. Note
(bulk)], on the other hand, helps to identify those featuredn Fig. 6 that when the full calculation including the acous-
that derive solely from(1) the interferences in the Raman tical modulation is considered, the agreement with the ex-
cross section due to the SL's finite size, a@®l from the  periment is remarkable without any adjustable parameter.
cavity photon confinementeffects due to the real phonon This includes the features described above for the simpler
structure only appear when the acoustical modulation is fulj@verage media model, but also almost every other detail of
taken into account and will be discussed belofirst, the the experimental results: the existence of thr_ee main peaks,
peaks are broader as expected from a diffractionlike patterf{!® @Symmetry of the forward-scattering contribution, the ap-
with fewer source layers. Concomitant with this, low-energyP€arance of _osmllaﬂons and the_lr perl_od, the spectral position
side oscillations appear as in the experimental spectra. IA"d relafl\l/e intensity of all peakincluding the weak peak at
addition, the backscattering maxima are shifted with respect 18 ¢m °), and the line widths.

to the infinite SL doublet position as in the experimental
data, although a quantitative agreement for the peak posi-

tions is not obtained. This line shift is a consequence of the We have presented a detailed experimental and theoretical
finite-size originated oscillatory modulation of the doublet- study of GaAs/AlAs superlattice Raman spectra in microcav-
like broad peaks. Finally, a forward-scattering peak is obity confined geometries. This allowed us to study the finite-
served between the backscattering doublet. Note that there éize effects on the acoustical-phonon spectra, and demon-
a single peak centered with respect to the doublet because tBgated the strength of the matrix method implementation of
“bulklike” phonon dispersion does not include the minigaps the standard photoelastic model with an elastic continuum
originated in the acoustical modulation. This contrasts withdescription of the vibrations to fully describe the experimen-
the experimental curve where clearly an asymmetric noncenal results. Most interestingly, we showed that the photon
tered peak is observed. In any case the simplified model witgonfinement provides a natural way to accgss 0 excita-
the bulklike phonons accounts for many of the experimentation which, in this case, correspond to the folded-phonon
results, including the presence of three main peaks, thginigap modes. In addition, due ¢g nonconservation in the
broadening of the peaks, the increase of the doublet separfinite SL, Raman-scattering from the otherwise forbidden
tion, and the existence of low-energy oscillations. component of the phonon doublet and from modes within the
The asymmetry and shift of the central forward-scatteringminigap become observable. We believe that this is an inter-
contribution is an important point that requires further dis-esting result that opens the way to the study of modulated
cussion. In fact, this feature can be fully accounted for whenstructures with confined acoustical vibrations. In fact, as the
the proper description of the phonon specthat is, includ-  dielectric modulation of the DBR's results in the appearance
ing the acoustical modulatioris taken into account. Such of “photon gaps,” the acoustical modulation opens the pho-
calculation is displayed as the bottom-most spectrum in Fignon minigaps that act as mirrors for sound watfeExtend-
6 (curve SL5)). As discussed extensively in Sec. 1B, for an ing the idea of the photon microcavities we can thus con-
infinite superlattice and due to a parity selection rule, theceive “phonon cavities” made by a spacer enclosed by
g,=0 spectra display only one component of the center-zonappropriately designed SL's acting as phonon DBR’s. The
doublet. Forg,#0, on the other hand, this selection rule is consequence would be the appearance of phonon confined
partially relaxed and the two components of the doublet arenodes with energies within the folded-phonon minigap, and
observed, their splitting and relative intensity varying with with the displacement patterns localized within the central
the transferred wave vectgsee Fig. 3. Consequently, in a spacer. Such novel “confined acoustical phonons” could be
finite-size SL,q, partial nonconservation leads to the obser-spectrally accessible with Raman experiments similar to the
vation of the “forbidden” component of the doublet in the ones described in this work. These experiments are under
forward-scattering ¢,=0) contribution. This explains the way and will be the subject of future work.

IV. CONCLUSIONS
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