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Folded phonons from lateral periodicity in (311)GaAs/A1As corrugated superlattices
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We present an analysis of folded acoustic-phonon Raman scattering in (311)-oriented GaAs/A1As su-

perlattices with periodically corrugated interfaces. Besides folded phonons from q parallel to the growth
direction, the folded acoustic-phonon modes from additional periodicity along the [Ol1] direction are
observed at frequencies that are in complete agreement with continuum model calculations. The
influence of surface corrugation on confined optical-phonon modes is also discussed.

I. INTRODUCTION
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FICx. 1. Schematic representation of corrugation in a (311)-
oriented GaAs, 4A1As» superlattice. The lateral periodicity is
32 A, and the step height is 10 A.

The optical properties of GaAs/AlAs superlattices
(SL's) and quantum wells, grown on substrates with non-
(100) crystallographic orientations, have been studied ex-
tensively in the last few years. ' It has been shown that
high-quality superlattices can be grown by molecular-
beam epitaxy (MBE) on practically any low-index crystal-
lographic plane: (hkl), for h, k, l =0, 1,2, 3. Special at-
tention has been paid to (311)-oriented GaAs/A1As su-
perlattices due to their optical anisotropy, connected
with corrugation of this surface, with a lateral periodicity
of 32 A. The latter is revealed by reAection high-energy
electron-diffraction (RHEED) measurements and high-
resolution transmission-electron microscopy (TEM). It
was shown' that there is a phase change in the surface
corrugation during the growth of GaAs on A1As and
A1As on GaAs, which gives rise to the formation of
quantum-wire-like structures in GaAs/A1As superlattices
of this orientation (Fig. 1). There is some disagreement
concerning the step height (10.2 A' or 3.4 A ). In Ref. 3

a sharp interface of superlattices with this orientation is
reported. They concluded that surface corrugation is not
an intrinsic e6'ect of this orientation, and that arsenic
deficiency during the growth process was most probably
responsible for the observation of the interface corruga-
tion in Ref. 1.

The vibrational properties of (311)-oriented
GaAs/A1As superlattices have been studied, and a com-
parison has been made between microscopic calculations,
based on the shell model and phonon frequencies mea-
sured through Raman spectroscopy. Optical-phonon
modes have been studied for laser energies close to the
band-edge resonance and also close to higher-energy
electronic transitions. ' Near resonance with the SL
band-edge, a splitting of each confined longitudinal-
optical mode has been observed and ascribed to a finite
in-plane wave vector induced by the lateral periodicity.
Close to resonance with the transition between the n =2
electron and heavy-hole subbands, it was shown that an
intraband deformation-potential mechanism contributes
to the scattering intensity. '

The inhuence of interface corrugation on the vibration-
al properties of (311) GaAs/AIAs SL's was discussed in
Refs. 11 and 12. It was shown there that the most impor-
tant effects on the Raman-scattering spectra are (i) the
appearance of peaks at frequencies higher than the
TO(o, t) branch under crossed polarizations, and (ii) the
shift of the peak of the first confined mode LO, toward
lower frequencies. These e6'ects are not observed in the
Raman spectra of (311)-oriented GaAs/AIAs SL's
presented in Ref. 12.

The Raman spectra for folded acoustic phonons in
GaAs/AlAs SL's grown along the [311]direction are dis-
cussed in Refs. 13 and 14. Folded modes from all three
acoustic branches are clearly observed at the same fre-
quencies predicted by continuum model calculations. In
Ref. 14 the appearance of the folded acoustic modes from
lateral periodicity was discussed. Since the second-order
LA doublet (for q~~[311]) appears at the position of the
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IV. RESULTS AND DISCUSSION

FIG. 4. Schematic view of th e scattering geometry.

acoustic-phonon first-order doublet of ion
'

ization (LA ) is c cm dis centered at about 60 cm '. I d
observe this doublet it is necessary to use a SL sam 1

cm . n order to

requencies. From all available samples, the best one was
the sample with period d =46

A1As g. The continuum mod 1 1 1
' 'se ca cu ation for this

sample is presented in Fi . 3(b).ig. ~&. Clearly, there are no

—1

s - or ig er-order fol~ded phonon doublets around 60
cm for the (311) GaAs A1As s
parallel t the o e growth direction.

s 14 s 1 3 superlattice for q

III. EXPERIMENT

1

We studied a short-period (311) G A
attice with a period f d =46

a s14A1As su er-p. -

o =46 A (d GaAs

(311)-oriented und
he sample was grown b MBE

, undoped, semi-insulating GaAs substrate

The room-temperature Raman-scatte
'

the (311) GaAs A1As
n-scattenng spectrum of

e a s14A1As» sample is shown in Fig. 5. The
ominant structures in this s ectrump are the first-order

quasilongitudinal (1QLA) acoustic wav
an "311'directions, respectivel . These
fo 1 tt

direction (for ). Th f
er a ice periodicit alon

q~~
. e requencies of these dou

in agreement with the continuu
oublets are

ig. . In the 1QLA doublet there is one additi
e y co . is is a laser plasma line,

as checked by measuring th t'-S k . ee an i- to es spectrum. The
properties of the first-order folded modes of t '

e -p onon doublet from lateral
ici y could appear around 60 cm

reason, we analyzed the s
cm . For this

yze e spectral region between 50 and
cm in more detail. The Raman s ectre aman spectrum in this re-

n in ig. , is obtained b avera ing g
is mu tiscan procedure

e o e signal-to-noise ratio, was repeated several

1QTA 1QLA (311)GaAs«AIAs„3
&L=4880A

FIG. 5. Ram. an-arnan-scattering spectra of the
(311) GaAs AlAsl4 s l 3 superlattice measured at
room temperature with the 4880-e -A line of an

I s I a I~ ~ ~ I ~ I ~ I ~ I I I~ ~ I ~ ~ I I I ~ I I

55 60 65 70
WAVE NUMBER [cm "]

75



52 FOLDED PHONONS FROM LATERAL PERIODICITY IN (311).. . 5793

times on different places on the sample in order to check
the assignment given in Fig. 5.

It can be seen from Fig. 5 that the dominant structure
in the Raman spectrum in this spectral range is a broad
peak around 64 cm ', which in fact is a superposition of
this and two more modes centered at 56 and 62 cm
Two additional low-intensity modes are resolved at about
67 and 70 cm '. The highest-intensity mode at 64 cm
is assigned to an L-point bulk mode because its frequency
corresponds to the transverse-acoustic branch value of
GaAs at the L point' (the zone-edge point in the [311]
direction). This mode becomes Raman active due to im-
perfections on the surface and the scattering geometry
used in this study (Fig. 4). The pair of modes centered at
68.5 cm ' is assigned to a 3QTA doublet because its fre-
quency is in agreement with the continuum model calcu-
lation. It is known that for a =d~I«/(do, ~, +d~,«)
=0.46, the intensity of the second-order doublet is negli-
gible, but the third-order doublet is observable.

Finally, the two modes at about 56 and 62 cm ' are as-
signed to a folded acoustic mode pair which originates
from lateral periodicity according to the following two
arguments: (i) no

qII~
mode exists for this superlattice, and

(ii) the frequencies of these modes are in agreement with
continuum model calculations for longitudinally polar-
ized acoustic folded modes with qt ~~[011]. The frequen-
cies of all modes discussed above are shown by full points
in Fig. 3.

In Fig. 6, polarized Raman-scattering spectra at T = 10
K in the GaAs optical-phonon region are presented. We
performed these measurements in order to check the
inAuence of corrugation on the confined modes of this
sample. As mentioned previously, surface corrugation
causes the frequency of the LO& confined mode to shift to
lower values and also leads to the appearance of modes
for crossed polarizations at frequencies higher than that
of the TO " mode. ' Both these effects are present in
the spectra of Fig. 6. That is, the LO, -TO& splitting for
this superlattice sample is calculated to be 23.1 cm
without corrugation, and is actually observed to be some-
what lower (22.4 cm '). Second, the mode for crossed
polarizations appears at about 277 cm ' for this sample.

V. CONCLUSION

In conclusion, we have measured and analyzed the
Raman-scattering spectra of the (311)-oriented
GaAs, 4AlAs, ~ superlattice at room temperature in ob-
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FIG. 6. Raman-scattering spectra of the (311) GaAs&4A1As]3
superlattice for optical phonons, measured at 10 K for all three
principal polarizations.

lique geometry. Besides folded acoustic phonon doublets
associated with the superlattice periodicity for qII ~~[311]
modes from lateral periodicity were also observed
(qt ~~

[011]).The influence of lateral periodicity is also ob-
served in the confined optical-mode spectra which leads
us to conclude that corrugation of (311) face is present
and effective in the sample used.
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