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A detailed investigation was made using Raman spectroscopy of the longitudinal and transverse optical
phonons in the disordered alloy AlxGa1−xAs at room temperature. Spectra obtained for a large number ofx
values were peak fitted to yield the optical phonon band parameters as a function ofx. New expressions are
obtained for the frequency variation with Al composition for the GaAs-like and AlAs-like modes, as well as the
variations in linewidth, line asymmetry, and intensity for the two longitudinal modes. The results when com-
pared with theoretical predictions indicate a need for further theoretical study.
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I. INTRODUCTION

Next to Si1−xGex, AlxGa1−xAs is probably the most widely
studied semiconductor alloy system. This is primarily be-
cause of its scientific and technological importance but also
because it is easy to prepare thick layers of AlxGa1−xAs of
any composition on GaAs.1,2 The lattice constants of GaAs
and AlAs are very similar and thus epilayer growth of their
alloy on themselves can proceed with little regard for strain
effects.1,2

The Raman and infrared spectra of AlxGa1−xAs have been
studied often in the past, beginning with the infrared work of
Ilegems and Pearson in 1970.3 A summary of all results ob-
tained up to 1992 from bulk crystals, thick epilayers, and
thin epilayers has been given by Jusserand.4 The most recent
studies since then were by Fenget al.5 in 1993 and Solomon
et al.6 in 1994, who both used Raman spectroscopy.

It is known from earlier experimental and theoretical stud-
ies of III-V mixed compounds of the type BxA1−xC that the
small wave vector optical phonons may exhibit either one- or
two-mode behavior.7 In one-mode behavior, the phonons of
compound AC evolve continually in approximately linear
fashion to those of compound BC with increasing concentra-
tion x. In two-mode behavior, the vibrational modes of com-
pound AC merge closer with increasingx eventually forming
the localized vibrational mode of atom A in compound BC at
the limit x=1. The obverse is true for the modes of com-
pound BC, which reach the localized mode of atom B in
compound AC in the limitx=0. A prediction as to which
behavior is observed in a given III-V alloy system is not
easily obtained, because of the complexity of the phonons in
such systems. Indeed, some mixed crystals can exhibit both
kinds of behavior at different concentrations.7 The infrared
and Raman spectral study of AlxGa1−xAs by Kim and
Spitzer8 showed very clearly that this III-V disordered sys-
tem exhibits a clean two-mode behavior over the entire com-
position range. Accordingly, the disordered system exhibits
two pairs of first-order longitudinal(LO) and transverse(TO)
optical modes, which are referred to as the GaAs-like and
AlAs-like modes, respectively.1 The GaAs-like(AlAs-like)
modes have phonon frequencies that are related to the bulk
GaAs(AlAs) parent modes. This clean division into two sets
of LO-TO modes is derived essentially from the fact that
there is a clear separation between the pairs of LO-TO mode

frequencies in GaAs and AlAs. By least-squares fitting all
prior room-temperature Raman and infrared data,4–6 best fit
expressions are obtained for the concentration dependences
of these modes as follows:

vTO
GaAs-likesxd = 268.16s±0.61d − 11.16s±3.34dx

− 4.06s±3.98dx2, s1d

vLO
GaAs-likesxd = 292.30s±0.87d − 37.46s±4.48dx

− 2.88s±4.86dx2, s2d

vTO
AlAs-likesxd = 357.48s±0.69d + 4.54s±1.16dx, s3d

vLO
AlAs-likesxd = 356.89s±1.12d + 71.14s±4.76dx

− 26.10s±4.33dx2, s4d

where the quantities in parentheses are the standard errors in
the fits. The fit to the AlAs-like TO mode data was not im-
proved with a quadratic expression. These expressions are
similar to those obtained by Adachi1 based on the work of
Kim and Spitzer8 and by Fenget al.5 and Solomonet al.6

except that the quadratic term for thevLO
GaAs-like mode [Eq.

(2)] is positive in the Adachi and Solomonet al. cases and
absent in the case of Fenget al. The bowing1 of the phonon
frequencies withx is most obvious in the case of the AlAs-
like LO mode. The wide spread in frequency values at a
given x value4–6,9 indicate that although no great reliability
can be placed on the mode frequencies evaluated from fits
such as Eqs.(1)–(4) to the results of earlier work, the general
trend with concentration is clearly evident and can be used as
a bench-mark for this study.

Besides the doubling of the number of modes, alloying
GaAs with AlAs introduces atomic disorder into the crystal
lattice. The cationic disorder introduces a broadening of the
phonon bands and their line shapes become
asymmetric.6,10,11 In addition, the disorder allows additional
features to be seen in the Raman spectrum that are not nor-
mally allowed in first-order Raman scattering such as disor-
der activated acoustic and optic modes.6,8,11–15These modes
are too weak to be observed by infrared reflectivity.8 It has
been noted that the intensities of these disorder induced Ra-
man bands increase in a nonlinear fashion with increasing
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laser power8 and display selective resonant enhancements
with a variation in the energy of the incident exciting light.16

In this paper we report on a new Raman investigation of
the disordered AlxGa1−xAs system using a large number ofx
values(an order of magnitude increase over previous studies)
covering the whole concentration range and where thex val-
ues are precisely known17 eliminating a lot of the uncertainty
evident in some of the previous measurements. By curve
fitting the observed Raman bands detailed results are ob-
tained for the GaAs-like and AlAs-like band parameters ver-
susx, including a measure of the line shape asymmetry. The
results obtained are compared with the predictions of various
theoretical models.

II. EXPERIMENT

The samples used in this study were grown at 590 °C in a
modified V80H VG-Semicon molecular beam epitaxy
system.17 Each sample substrate was a 2 inch diameter(100)
oriented vertical-gradient-freeze semi-insulating GaAs wafer
and, in two cases, the layers were grown without substrate
rotation in order to generate the desired range of alloyx
values laterally across the wafer. With growth rates of
0.1(0.2) and 0.2s0.1d nm/s for GaAs and AlAs, respectively,
for each wafer,x varied continuously from about 0.60(0.28)
to 0.72(0.45) in the 2.5s2.0d mm thick undoped alloy layer,
which was sandwiched between GaAs/AlAs calibration lay-
ers. These are the same two samples as described earlier in
Ref. 17. Three other uniform samples withx=0.197, 0.505,

FIG. 1. Room temperature Raman spectra of AlxGa1−xAs re-
corded with 530.9 nm excitation for undoped epilayers on
GaAs(100) with x=0 and 1. The LO and TO curve-resolved GL
peaks are shown below the spectra.

FIG. 2. Room temperature Raman spectra of AlxGa1−xAs re-
corded with 530.9 nm excitation forx=0.350. The Raman line
shapes have been fitted with the various component bands shown
below the spectrum.

FIG. 3. Room temperature Raman spectrum of AlxGa1−xAs re-
corded with 530.9 nm excitation forx=0.677. The fitted component
bands are shown below the spectrum.
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and 0.801 were grown using substrate rotation. The samples
were measured by high resolution x-ray diffraction to map
their composition(see Ref. 17 for details).

The Raman scattering experiments were carried out in an
ambient atmosphere of helium at a temperature of 295 K in a
quasibackscattering geometry18 with the incident light at an
angle of 77.7° from the normal to the(100) surface. Spectra
were excited with 300 mW of 530.9 nm krypton or
514.5 nm argon laser light, which had sufficient penetration
depth to reach well into the alloy layer but not into the un-
derlying material.17 The incident laser light formed a slit
shaped spot of dimensions 130.1 mm2 on the sample,
which together with the use of the stream of He gas flowing
over the sample in the laser spot area helped minimize the
local laser heating. This is shown from the fact that the LO
phonon frequencies thus obtained at room temperature for
both GaAs and AlAs are very similar to literature vales.4–6

The light scattered at 90°(external to the sample) was ana-
lyzed with a Spex 14018 double monochromator at a spectral
resolution of 1.2 cm−1, and detected with a cooled RCA
31034A photomultiplier. The incident light was polarized in
the scattering plane, while the scattered light was recorded
without polarization analysis. The peak frequencies of the
laser line position and the strongest phonon Raman lines
were obtained within 0.1 cm−1 using a computer search
algorithm19 and each spectrum for thex<0.3 and 0.7

samples was frequency calibrated with respect to three ref-
erence points(the laser line zero position, the GaAs LO pho-
non peak, and the AlAs LO phonon peak) that covered the
compete scan. For the other samples, spectrometer calibra-
tions were made immediately before and after each alloy
spectrum was recorded in the few cases where no GaAs or
AlAs reference peaks were available.

III. RAMAN SPECTRA AND THEIR ANALYSIS

Representative Raman spectra forx=0, 0.350, 0.801, and
1 are shown in Figs. 1–3. Sharp bands at 269(290) and
360 s402d cm−1 are the TO(LO) modes of the sample GaAs
and AlAs layers, respectively(see Fig. 1). The other peaks
near, but at lower frequency to, these TO-LO pairs in the
alloy samples are the corresponding GaAs-like and AlAs-like
TO and LO vibrational modes(see Figs. 2 and 3 and also
Ref. 17). In general, the most intense bands are due to the
LO modes, as the TO modes are forbidden in the backscatter-
ing geometry. The TO modes are observed weakly here be-
cause the scattering geometry is not strictly a 180° back-
scattering one.18 The spectra were curve resolved to reveal
the individual Raman bands within the complex spectral en-
velopes. For most bands, the line shape was well represented
by a combined Gaussian-Lorentzian(GL) model of the form

IGLsvd = a0

3a3
Îln 2

a2
Îp

expS− 4 ln 2Sv − a1

a2
D2D +

1 − a3

pa2S1 + 4Sv − a1

a2
D2D4

Fa3
Îln 2

a2
Îp

+
1 − a3

pa2
G , s5d

wherea0=amplitude,a1=frequency,a2=width, and param-
etera3 represents the amount of Gaussian content(a3=0 rep-
resents a pure Lorentzian and 1 a pure Gaussian). The
Lorentzian is the natural line shape of the phonon band, but
when the linewidth is resolution limited, as seen, for ex-
ample, in the laser exciting line, a Gaussian is a much better
representation. As can be seen from Fig. 1, this line shape is
an excellent fit to the TO and LO modes for the limits ofx
=0 sGaAsd and 1(AlAs). For the alloy, however, an asym-
metry in the LO mode line shape is observed(see, for ex-
ample, Fig. 3), as reported previously.6,10,11To properly ac-
count for this asymmetry, an exponentially modified
Gaussian(EMG) line shape was used,

IEMGsvd =
a0

2a3
expS a2

2

2a3
2 +

a1 − v

a3
D

3FerfSv − a1

Î2a2

−
a2

Î2a3
D +

a3

ua3uG , s6d

where a0=area,a1=frequency(note that, unless the fitted

peak is symmetric,a1 is not coincident with the frequency of
the EMG function maximum), a2=width, anda3 is the line
shape asymmetry parameter. This last parameter is negative
when the band is broadened asymmetrically to lower fre-
quency. Using Eqs.(5) and(6), where appropriate, all Raman
spectra were curve resolved in the regions of the GaAs-like
and AlAs-like modes and representative results are shown in
Figs. 2 and 3. Although the EMG model adequately repre-
sented the line shape of the alloy LO modes, another GL
band was often required to account for a continuum of
disorder-induced optical mode Raman scattering between the
TO and LO modes. Including just this single additional os-
cillator was remarkably successful in accounting for the con-
tinuum (see, for example, Figs. 2 and 3).

Results obtained from the fits to the TO and LO bands are
shown for the GaAs-like and AlAs-like mode frequencies in
Figs. 4 and 5, respectively. In the case of the EMG model
used for the LO modes, the frequency of the function maxi-
mum is graphed in Figs. 4 and 5 for ease of comparison with
earlier work. Excellent results are obtained for the concen-
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tration dependence of the frequencies of the strong LO
modes, with a good consistency between data obtained from
530.9 and 514.5 nm excitation. Results for the weak AlAs-
like TO band are more sparse, because this mode could either
not be observed(too weak) or identified for thex<0.3 and
0.7 samples, respectively. Similar problems occurred for the
GaAs-like TO mode, where the band frequencies for thex
<0.3, 0.5, and 0.7 samples are clearly out of line with the
other data. In these samples, the weak TO mode is masked
by a stronger and broader disorder-induced LO scattering
that extends to lower frequency from the main GaAs-like LO
mode.

A least-squares fit of polynomials to the LO and TO mode
data of Figs. 4 and 5 yielded best results with

vTO
GaAs-likesxd = 267.56s±0.19d − 13.51s±0.48dx, s7d

vLO
GaAs-likesxd = 290.25s±0.12d − 36.05s±0.57dx

− 1.10s±0.63dx2, s8d

vTO
AlAs-likesxd = 359.78s±0.10d + 0.46s±0.11dx, s9d

vLO
AlAs-likesxd = 362.78s±0.28d + 53.34s±1.11dx

− 14.36s±0.98dx2. s10d

The quantities in parentheses in Eqs.(7)–(9) are the standard
deviations in the fits. For the GaAs-like TO data, the band
frequencies for thex<0.3, 0.5, and 0.7 samples(marked by
n and1 symbols in Fig. 4) were not included in the fit. For
the AlAs-like mode, a cubic expression gave a better fit to
the data at lowerxsx,0.3d values, but was a worse fit than
the quadratic expression, Eq.(10), at higherxsx.0.7d val-
ues,

vLO
AlAs-likesxd = 358.16s±0.47d + 81.65s±2.75dx

− 65.80s±4.86dx2 + 28.31s±2.65dx3. s11d

The present results are compared with earlier work in
Figs. 4 and 5 by means of Eqs.(1)–(4). For the GaAs-like
TO and LO modes and AlAs-like LO mode there is reason-
able agreement between the present and past work, but the
agreement is not as good for the AlAs-like TO mode. Equa-
tions (8) and(10) for the LO modes are generally similar to
those reported earlier by Fenget al.5 The present results for
the fitted mode frequencies[Eqs.(7)–(11)] are in accord with
the results obtained from an earlier analysis of the phonon
peak frequencies,17 as could be expected, except that the
small slopes for the TO AlAs-like mode have opposite sign.

FIG. 4. Concentration dependence of fitted Raman frequencies
of the GaAs-like LO and TO phonons in AlxGa1−xAs at 295 K
using excitation at(s) 530.9 and(3) 514.5 nm. The solid lines are
least-squares fits of quadratic and linear expressions to the LO and
TO data, respectively. The long dashed lines given by Eqs.(1) and
(2) represent the concentration dependence of the combined earlier
Raman and infrared results. Another phonon peak obtained from the
fitting procedure in the vicinity of the TO phonon is indicated by
triangles for 530.9 nm excitation and by plus signs for 514.5 nm
excitation.

FIG. 5. Concentration dependence of fitted Raman frequencies
of the AlAs-like LO and TO phonons in AlxGa1−xAs at 295 K using
excitation at(s) 530.9 and(3) 514.5 nm. The solid lines are least-
squares fits of quadratic and linear expressions to the LO and TO
data, respectively. The long dashed lines given by Eqs.(3) and (4)
represent the concentration dependence of the combined earlier Ra-
man and infrared results. The short dashed line is a fit of a cubic
expression to the LO data.
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The concentration dependences of the two TO modes were
not as well quantified in this study as the LO modes, because
of the aforementioned difficulties in quantifying these
modes. The results obtained from the fits to the spectra for
the band indicated by then and1 symbols in Fig. 4 show
the error that could arise from a misidentification of this
band with the TO GaAs-like mode. As the TO modes are
weak in Raman backscattering, a definitive infrared study is
now required to further ascertain their concentration depen-
dences.

The Raman results for the LO phonon frequency concen-
tration dependence are the most detailed to date; with 95 and
97 values fitted for the GaAs-like and AlAs-like modes, re-
spectively. Since there are, as yet, no experimental data for
the limiting behavior of the mode frequencies asx→0 or 1,8

the fitted expressions Eqs.(7)–(11) may be used to estimate
the frequencies of the localized modes of the AlxGa1−xAs
alloy. In the dilute limit, it is expected theoretically that the
GaAs-like or AlAs-like TO and LO mode frequencies
converge.7 The results given in Eqs.(7)–(10) prove experi-
mentally that this is indeed the case. Equations(7) and (8)
indicate that the localized(gap) mode of Ga in AlAs is at
253.6±2.5 cm−1. For the AlAs-like modes, Eqs.(9) and(10)
give 361.3±1.9 cm−1 for the frequency of the localized mode
of Al in GaAs. The use of Eqs.(9) and(11) gives a value of
360.0±1.4 cm−1, which is likely more accurate because of
the better fit of a cubic expression to the LO mode data at
lower x values(see Fig. 5).

The concentration dependences of the integrated intensi-
ties of the GaAs-like and AlAs-like LO modes are shown in
Figs. 6 and 7 for 530.9 nm excitation; the mode intensities
are of a similar magnitude and are relatively insensitive tox
apart from a sharp and dramatic increase nearx=0.7. The
location of a peak in the response for 514.5 nm excitation is
not as obvious, as there are fewer points. The optical absorp-
tion coefficient20 of Al xGa1−xAs at 530.9 nm exhibits a sharp
change atx<0.7, as can be seen from Fig. 8, coincident with
the variation in theE0 band gap energy,21 which for 0.45
øxø1.0 is22

E0sxdfeVg = 1.656 + 0.215x + 1.147x2 s12d

and encompasses the laser excitation energies used here.
Thus the peak in the integrated intensity response atx<0.7
results from a resonance Raman enhancement of the GaAs-
like and AlAs-like phonon cross sections at theE0 energy
gap.23,24The Raman intensity is higher forxù0.8 compared
with xø0.2 due to the change in absorption coefficient
shown in Fig. 8.

Extreme resonance excitation has been shown to affect
the optical phonon Raman line shape in GaAs/AlAs
superlattices.25 However, in the present17 or earlier9 cases for
alloy epilayers, the phonon spectra show no remarkable
changes apart from the peak intensity when moving from
resonance to off-resonance excitation either by changing the
laser wavelength or by changing the sample composition.
The good agreement in Figs. 9–12 between results obtained
at 514.5 nm with those using 530.9 nm excitation indicates
that only the Raman intensities are compromised by reso-
nance effects.

The linewidth, i.e., full width at half-maximum(FWHM),
of LO phonons in AlxGa1−xAs is shown as a function of Al
concentration in Fig. 9 for the GaAs-like mode and in Fig. 10
for the AlAs-like mode. For both modes, the FWHM is very
sharp in the limit of the respective pure compound and then

FIG. 6. The integrated intensity of the GaAs-like LO phonon of
Al xGa1−xAs at 295 K excited with laser lines at(s) 530.9 and(3)
514.5 nm.

FIG. 7. The integrated intensity of the AlAs-like LO phonon of
Al xGa1−xAs at 295 K excited with laser lines at(s) 530.9 and(3)
514.5 nm.

OPTICAL PHONONS IN AlxGa1−xAs: RAMAN… PHYSICAL REVIEW B 70, 155202(2004)

155202-5



increases substantially by a similar amount with increasing
respective disorder. The approximately superlinear change in
FWHM with x is remarkable in this system, particularly as
the linewidth shows no sign of decrease at high(low) x val-
ues for the GaAs-like(AlAs-like) mode. At some point close
to the respective composition limits there should be a sharp
downturn in the LO phonon linewidth, as the localized mode
linewidths are usually quite sharp.7,26

The LO phonon asymmetry parameter for the GaAs-like
and AlAs-like modes is shown as a function ofx in Figs. 11
and 12, respectively. This is the first time the often
observed6,10,11 LO phonon line shape asymmetry has been
quantified. For the GaAs-like(AlAs-like) mode, the line
shape becomes increasingly asymmetric to lower frequency
with increasing(decreasing) x in a sublinear fashion. As for
the linewidth, there is no evidence of a reversal of the trend
in the mode behavior as the Al concentration approaches the
respective limits ofx=0 and 1. Again, this is a most unex-
pected result, as localized modes seen near the concentration
limits are usually not only sharp but also symmetric.7 The
line shape parameter behavior withx is indicative of an in-
creasing amount of disorder-induced Raman scattering from
phonons with frequencies between the first-order TO and LO
modes and with wave vectors from throughout the Brillouin
zone.

IV. COMPARISON WITH THEORY

There are a number of theoretical models for investigating
the short wave vector vibrational properties of disordered

FIG. 8. The absorption coefficient of AlxGa1−xAs at room tem-
perature for wavelengths of(s) 530.9 and(3) 514.5 nm, as de-
duced by linear interpolation of the data from Ref. 20. The lines are
guides to the eye.

FIG. 9. The linewidth(FWHM) of the GaAs-like LO phonon of
Al xGa1−xAs at 295 K under excitation at(s) 530.9 and (3)
514.5 nm. Also shown are the theoretical results of Bonneville(Ref.
31) (1).

FIG. 10. The linewidth(FWHM) of the AlAs-like LO phonon of
Al xGa1−xAs at 295 K under excitation at(s) 530.9 and (3)
514.5 nm. Also shown are the theoretical results of Bonneville(Ref.
31) (1).
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systems.7,27–38 One of the oldest and most successful ap-
proaches to treating the two mode behavior of alloys is the
random element isodisplacement model first developed by
Chen et al.28 and subsequently modified by a number of

authors.3,8,29,30This model has been shown to be a good fit to
the concentration dependence of the GaAs-like and AlAs-
like TO and LO mode frequencies of AlxGa1−xAs.3,5,6,8 The
fits shown in Figs. 4 and 5 given by Eqs.(7)–(10) indicate
that the random element isodisplacement model is also a
good fit to the present results.5,6 However, the model does
not account for the effects of disorder represented by features
such as the line shape asymmetry of the LO modes.

Lattice dynamical models have been developed that in-
clude substitutional disorder and, hence, some force constant
disorder, assuming purely random alloy substitution. The ap-
proaches are generally of two types:(i) developing analytical
expressions for the Green function of the alloy via the coher-
ent potential approximation(CPA)31,34,39or average transfer-
matrix approximation(ATA )35,36 and (ii ) constructing large
supercells wherein the Group III atoms are randomly distrib-
uted over the cationic sublattice.33,37,38An excellent review
of this work on disorder effects, and its limitations, has been
given by Jusserand.4

First we compare the theoretical predictions of these mod-
els with the experimental results for the localized and gap
modes in AlxGa1−xAs. The comparison is made in Table I,
which gives the extrapolated experimental results in two
forms: the result given earlier for the intersection of the TO
and LO modes, and the value obtained just from extrapola-
tion of the LO mode data alone, which fitwise is more accu-
rate. The theoretical results are from linear diatomic-chain,40

CPA-shell,41 ab initio-supercell,37 ATA,36 and CPA-
virtual-crystal-approximation31 models. Of these, the most
realistic model is theab initio-supercell calculation of Baroni
et al.,37 and their model produces very good agreement with
experiment for the localized and gap modes. The CPA calcu-
lation of Bonneville31 is also in close agreement with experi-
ment, particularly for the gap mode. The concentration de-
pendence of the mode frequencies calculated with these two
models is compared with experiment in Fig. 13. In general,
there is good agreement between theory and experiment for
the overall trends in the concentration dependence of the
mode frequencies, but there are discrepancies between them
with regard to the precise value for the frequencies. The
latter could be expected, because of approximations made in
the model calculations.31,37Also, in this and previous work,

FIG. 11. The line shape asymmetry parameter for the GaAs-like
LO phonon of AlxGa1−xAs at 295 K under excitation at(s) 530.9
and (3) 514.5 nm.

FIG. 12. The line shape asymmetry parameter for the AlAs-like
LO phonon of AlxGa1−xAs at 295 K under excitation at(s) 530.9
and (3) 514.5 nm.

TABLE I. Comparison of experimental and calculated values for
the vibrational frequency of the isolated impurity mode in
Al xGa1−xAs at the limitsx→0 and 1.

Mode Experimentalscm−1d Calculatedscm−1d

Al (localized) 360.0±1.4 342,a 340,b 357,c 334,d 351.6e

358.2±0.5f

Ga (gap) 253.6±2.5 258,a 244,d 257.8e

253.1±1.3f

aReference 40.
bReference 41.
cReference 37.
dReference 36.
eReference 31.
fValue obtained from extrapolation of the LO mode result alone.
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no account is taken of strain in alloy epilayers grown on
GaAs(100). The AlAs lattice constant is slightly greater than
that of GaAs, leading to a small lattice mismatch of 1.424
310−3 (Ref. 17). The effect of such a mismatch-induced
strain would be to shift the phonon frequencies of an AlAs or
alloy epilayer to lower frequency. Unfortunately, the phonon
deformation potentials for AlAs are unknown,42 but based on
those of GaAs, GaSb, and AlSb, which have quite similar
phonon deformation potentials,42 a strained epilayer of AlAs
on GaAs(100) would lead to optical phonon frequency shifts
of less than −1 cm−1. The downshifts in frequency for
Al xGa1−xAs would be proportionally less than forx=1, de-
pending onx.

Only Bonneville31 has provided detailed predictions for
the concentration dependence of the linewidths of the GaAs-
like and AlAs-like TO and LO modes. His predictions within
the CPA model for the LO modes are compared with experi-
ment in Figs. 9 and 10. The theory is in remarkable agree-
ment with experiment for the GaAs-like mode when allow-
ance is made for the fact that the experimental data have not
been corrected for the instrumental resolution of 1.2 cm−1.
For the AlAs-like mode, however, theory predicts the oppo-
site behavior withx from that observed experimentally. The
ab initio calculations of Baroniet al.37 predict a linewidth of
,10 cm−1 for the optic mode atx=0.5, which is consider-
ably in excess of the experimental values. Clearly, even the
best of the present theories need improvement with regard to
the predictions of the phonon damping.

Although several theories have reproduced the asymmetry
observed in the Raman line shape,31,37,41there are, so far, no
quantitative results to compare with the experimental data
given in Figs. 11 and 12.

V. CONCLUSIONS

Despite the fact that the lattice vibrations near zero wave
vector in AlxGa1−xAs are now well known and fairly well
understood in comparison with other III-V semiconductor
alloys, this study has shown that principal features of the
Raman spectrum still lack a detailed quantitative understand-
ing. In particular, more sophisticated three-dimensional lat-
tice dynamics models, as noted by Jusserand,4 are required to
explain, in this case, the concentration dependence of the
optical-phonon Raman line shapes(asymmetry) and widths.
Even though present theories are able to determine the local-
ized and gap modes frequencies of AlxGa1−xAs quite pre-
cisely, more theoretical effort is still required in order to
reproduce these latest experimental results for the mode fre-
quency versusx behavior.
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