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We report on the resonance behavior around the Ei optical gap of the con6ned phonons of
InAs/A1As strained-layer super1attices. Near such a gap both types of phonons (A&, 82) resonate.
%'e discuss their resonance and compare it with the behavior when exciting near the fundamental
band-gap transition.

Strained-layer superlattices were the subject of much
research work during recent years. In these arti6cial materials, together with the con6nement effect already
present in lattice-matched systems, there is another factor, strain, which determines the electronic and phonon
properties. As far as the phonon properties are concerned,
the main effect of strain is an energy shift with respect to
the phonon energy of the constituent materials. This shift
can be easily measured using a conventional Raman spectrometer. From the obtained values the internal strain in
In Raman experiments, the
the layers can be derived. '
intensity of the scattered light is a function of the energy
of the exciting beam. Much of the published work refers
to the study of the resonant behavior around energy levels
near the fundamental band gap. s There are few works
published concerning the resonant excitation of the phonons around energy levels far from this fundamental band
In this paper, we present resonant Raman experigap.
ments around the E~ transition of InAs/A1As strainedlayer superlattices. Optical transitions were determined
Two transitions near the
by spectroscopic ellipsometry.
Ei and Et+hi transitions of InAs bulk material are observed in the InAs/A1As superlattices studied. When
scanning the energy of the exciting beam around these
transitions, we observe a resonant behavior quite different
from that reported for resonance near the fundamental
band gap of superlattices. In this paper, we analyze in detail and discuss this behavior.
The samples studied were grown by atomic-layer
molecular-beam epitaxy on (001)-oriented GaAs substrates. In order to check the nominal superlattice growth
parameters, the period was determined by x-ray diffraction and the mean composition by energy-dispersive
analysis of the x-ray data. With this data we were able to
determine the respective thicknesses of the constituent
layers. These parameters are displayed in Table I. Raman spectra were obtained at room temperature and 77 K

with the back scattering geometry being the axes x 100,
010, and z 001. The scattered light was analyzed by
means of a double monochromator equipped with holographic gratings and detected with standard photoncounting techniques. The different lines of an Ar+ laser
were used as exciting beams.
In Fig. 1 we present Raman spectra for the two samples
branches of
studied here. Because the optical-phonon
InAs and A1As do not overlap, con6ned optical phonons
are expected to be observed, similar to those present on
GaAs/AlAs superlattices. As can be seen in Fig. 1, the
energy position of the A1As- and InAs-related optical phonons are shifted. The longest contribution to this shift is
due to strain. The fact that both InAs and A1As layers
accommodate part of the total mismatch means that the
critical thickness of the superlattice has been exceeded
and it has its own lattice parameter, with a value between
that of A1As and InAs; so a network of mis6t dislocations
must have been generated in the region close to the
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TABLE I. Sample parameters: d& InAs layer thickness, d2
AlAs layer thickness. Energies of the E& and E&+6, transitions.
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FIG. 1. Raman spectra of the two samples studied here.
Peaks I and II refer to the InAs- and A1As-related phonons, respectively. The strain-free energies of InAs and AlAs LO phonons are at 300 K 238.6 cm ' and 404. 1 cm ', respectively.
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substrate-superlattice
interface. We believe that the density of dislocations in the region near the surface sampled
by Raman scattering is low because the full width at half
maximum of the InAs-related phonon is equivalent to that
of the InAs bulk material taken in the same experimental
conditions (3 cm
) and also the intensity of the forbidden TO phonon is low (it should be pointed out that for
the wavelength used here the penetration depth of the
light is 200 A. and the total thickness of the superlattices is

4000 A).
Ellipsometry spectra for the samples under study are
presented in Fig. 2. We observe two clear transitions.
Their energy, as obtained by fitting from a secondderivative spectra, are presented in Table I (they are labeled E I and E I+BI because they are near the same transitions for bulk InAs).
These transitions are located within a photon energy
range where the exciting beam can be easily scanned by
using the various discrete lines of an Ar+ laser. In doing
so, we observe that, as we approach the energy of the transition, the scattered intensity of the InAs-related phonons
increases, whereas the A1As-related phonon intensity
remains nearly constant. This means that the electrons
involved in those transitions are confined in the InAs layers. Therefore, in the following we will deal only with the
InAs-related phonons.
In Fig. 3 we present Raman spectra for the two samples
at room temperature and near-resonance conditions. For
the shortest period, sample b, we observe that the peaks
detected on the Z(XY)Z and Z(XX)Z configurations,
which correspond to the scattering by LO1 and LO2 phonons, respectively, do not overlap. On the other hand, for
the other sample, a, the energy distance between both
peaks decreases. The AA' polarized spectrum in Fig. 3,
corresponding to the longest period, sample a, shows a
"shoulder" on the low-energy side of the LQ2 phonon,
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FIG. 3. Raman spectra of the samples a and
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which we attribute to another confined phonon (LO4);
this assignment is made on the basis of the following facts:
At near-resonance conditions, the second-order spectrum
of this sample (see Fig. 4) shows a sharp peak at an enerto the sum WLo2+ WLo4. In the
gy corresponding
second-order spectrum, phonons with different momentum
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FIG. 2. Imaginary part of the pseudodielectric
of the samples studied here.
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FIG. 4. Second-order Raman spectrum
near resonance conditions.
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can contribute to the scattering. If the mentioned "shoulder" in the 6rst-order spectrum were originated by an interface phonon' (the other possible assignment) it should
give a broader peak in the. second-order spectrum, because
the interface phonon shows a large dispersion in frequency
with q. On the other hand, Ar symmetry phonons (like
LO2 and LO4) are nearly dispersionless"' and then will
originate a sharper peak in the second-order spectrum.
In Fig. 5 we present the scattering intensity of the
different con6ned phonons as a function of the energy of
the incident radiation, normalized to that of the CaF2
phonon (the spectra were obtained at 77 K). These
6gures are not directly related to the Raman scattering
efficiency because they are not corrected from the absorption coefficients. As expected from the ellipsometry measurements, we observe a displacement of the resonance towards higher energy as the period of the superlattices decreases. The resonance of the A r-type phonons (LO2) are
sharper than that of the B2 phonons (LQ1) reffecting the
different mechanisms of the electron-phonon interaction.
This feature is observed in the two samples and from now
on we will focus our discussion on the shortest-period sample, where the different phonons are well separated. Let
us recall Fig. 3 where the resonance spectrum of sample b
is presented. As can be seen, the B2-type phonon (LO1) is
only observed in the Z(XY)Z con6guration and the ALtype phonon (LO2) is only observed in the Z(XX)Z
configuration, both phonons resonate. These facts are
different from that observed near band gap, where B2-type
phonons hardly resonate and A r-type phonons are seen in
both con6gurations. This diff'erence can be easily understood: The Raman efficiency is proportional to'
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where HD represents the deformation potential interaction
and HF the Frohlich interaction. In conditions of near
resonance with the band gap (n 1 heavy-hole-electron
transition), the B2-type phonons are hardly observed because the two factors in the denominator do not resonate
at the same time [the deformation potential interaction
causes an interband coupling of the heavy-hole (HH) and
light-hole (LH) states but the intraband coupling of these
states is zero)], but for near resonance with E~ transitions,
the two factors in the denominator of expression (1)
resonate at the same time because the intraband coupling
does play a role. The observation of A~-type phonons in
the XY connguration, when exciting near resonance with
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FIG. 5. Scattering intensity of the LO1 and LO2 phonons as
a function of the energy of the incident radiation: , LO1; e,

LO2. The energy position of the E& transition at room temperature is also indicated. The lines are guides to the eye.

the fundmental band-gap transition, has been attributed
to band mixing between the LH and HH bands which allows the Frohlich-interband
scattering (impurity induced). ' Resonanting near the fundamental band gap,
such a mechanism is observable because the levels are
closer in energy, but when resonating in the E r region the
two valence-band states are distant from each other and,
such a scattering mechanism
will not
consequently,
resonate here. It should be pointed out that there are two
fourth-order mechanisms able to produce the same selection rules as the Frohlich interaction,
namely the
and electric-6eld-induced
impurity-induced
mechanisms,
and their intensity can be even higher than that induced
by Frohlich interaction.
Summarizing, we have studied the resonance behavior
of InAs/AIAs strained-layer superlattices near the Er
transition. Both types of phonons of InAs (Ar and B2)
resonate in these conditions. This behavior is different
from that found when resonating with the fundamental
gap Eo. The different resonance behavior of the two types
of phonons with the E r and Eo gaps shows the existence of
different electron-phonon interaction mechanisms ruling
each resonance.
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