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Comment on “Confined-to-Propagating Transition of
LO Phonons in GaAs/Al, Ga; — , As Superlattices
Observed by Picosecond Raman Scattering”

In an intriguing, recent Letter Kim et al. [1] reported a
nearly discontinuous change in the hot-phonon generation
efficiency in GaAs/Al,Ga;-,As superlattices as a func-
tion of the alloy layer thickness L,. These results were
interpreted in terms of a confined-to-propagating transi-
tion which, according to the authors, occurs when the
barrier width becomes thinner than L, =20 A for x =0.4,
and Ly =11 A for x=1.0. The results for alloy barriers
raise the fascinating possibility that at some critical con-
centration, x, the alloy becomes too diluted to present any
barrier to well phonons, thereby explaining the sharp
transition observed by Kim et al.

In order to verify the likelihood of such a transition, we
have calculated the phonon structure of a (GaAs)e-
(Al,Ga;-xAs)g superlattice for x =0 to x=1 in incre-
ments of 0.1. We followed the method of Chang, Ren,
and Chu [2] and used an |l-parameter rigid-ion model
[3] to describe the phonon structure of the parent com-
pounds, GaAs and AlAs. Since the model is three dimen-
sional, the alloy disorder is treated exactly. The force
constants used are very realistic; in addition, the results
reported in this Comment are largely independent of their
exact values. Our superlattice structure has L, =17
A <20 A and a well thickness L, =17 A (smaller than
L.=100 A for all samples in Ref. [1]), so that a
confined-to-propagating transition, if it exists, might be
expected at x = 0.4.

Figure | shows our calculated results. We plot two in-
dicators of phonon localization: the fractional squared
eigenvector ratio (see caption) of the LO; phonon in the
GaAs layer, and the energy separation between zone
center and zone edge modes along the superlattice growth
direction. A significant separation of the modes implies
dispersion along the superlattice axis, signaling the pres-
ence of propagating phonons. Figure | indicates that no
sharp, delocalizing transition takes place as the alloy con-
centration is reduced. We obtain a smooth curve that ap-
proaches 0.5 as x — 0. The well phonons remain almost
perfectly localized for concentrations as low as x =0.1.
For x =0.4, 98% of the phonon amplitude is localized in
the well. Even if the barrier width is reduced to half the
value quoted by Kim et al. (not shown in Fig. 1), the de-
gree of localization remains unchanged. Therefore, one
cannot invoke delocalization to explain the large changes
in the electron-phonon matrix elements needed to ac-
count for an order-of-magnitude change in the hot-
phonon generation efficiency.

For AlAs barriers, we also find that the well phonons

0031-9007/94/72(11)/1571(1)$06.00

292.0 —s—s=o=o=0=0=0= 1.0
/
0.9
__2915 e
P k
g 08
> 291.0 °
o 8
o \l By _ 07 2
[ = ﬁ\g\g )
“ 2005 R E% O
) o6 W
0,0k=0 ¥k=1/12(2wa)
290.0 & ’ I A l Il l L I L 0.
00 02 04 06 08 1.0
GaAs x (GaAs)s(AlAs)
(GaAs)g(ALGa, As)

FIG. 1. Indicators of phonon localization in (GaAs)e-
(Al,Gaj —xAs)s superlattices for the first confined mode calcu-
lated using a supercell of 240 atoms. Mode energy versus alloy
composition for zone center and zone edge are plotted against
the left y axis. *“Eigenvector ratio” represents the sum of
squared eigenvectors in the GaAs layer divided by the sum of
squared eigenvectors in both layers. This ratio versus alloy
composition is plotted against the right y axis. Both the separa-
tion of the energy of the modes and the “eigenvector ratio” in-
dicate that, even at low concentrations, the first confined pho-
non is localized.

should be perfectly localized even at the lowest nominal
thickness quoted by Kim et al., but here the experimental
results could be explained in terms of sample imperfec-
tions. This is not the case for the alloy barriers, where
the well phonons are found to remain localized even when
assuming unreasonably large errors in the barrier thick-
ness.
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