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We report magnetophonon resonance measurements under hydrostatic pressure in GaAs-
Aly 23Gag 7,As and Gag 47Ing s3As-Aly 45Ing 5,As heterojunctions. The effective mass and the ampli-
tude of the oscillations are measured in the range 150-300 K under pressures up to 16 kbar. The
observed enhancement of the effective mass above its band-edge value has a relative amplitude of
the order of 10% and 30% in the GaAs- and Gag 4,Inj s3As-based heterojunctions, respectively.
In its major part, the mass enhancement can be explained by band nonparabolicity. We discuss
the possible influence of magnetic-field-dependent screening of the electron-phonon interaction
which brings changes in the polaron correction of the effective mass and in the amplitude of the

magnetophonon oscillations.

I. INTRODUCTION

The magnetophonon resonance effect (MPR) has been
used since the mid-1960s to investigate the band-
structure parameters and transport processes in III-V
compounds (see, e.g., Ref. 1 for an up-to-date review).
The hydrostatic pressure technique has been advanta-
geously associated with MPR measurements to study the
behavior of the effective mass under pressure and com-
pare it to the predictions of the k-p theory.2~*

Recently, several authors have reported MPR mea-
surements in two-dimensional (2D) systems such as n-
type GaAs-Al,Ga,_,As heterostructures,’~’  or

Gag 47Ing 53As-InP and Gay 47Ing 53As-Alj 45Ing 5,As sys-
8

tems.®~!° In this paper, we report the first observa-
tions of MPR under hydrostatic pressure in
GaAs-Alj ,3Gag 1,As  and  Gag 447Ing s3As-Alg 4ging 55AS
heterojunctions.

We show that MPR measurements under hydrostatic
pressure can provide some additional information about
the electron-LO-phonon coupling in two dimensions.
We will first concentrate on the effective-mass measure-
ments for both systems and we will then show how the
oscillation amplitude (which is a measure of the
electron-phonon interaction) is affected by the pressure-
induced decrease of the carrier concentration. The re-
sults are discussed in terms of nonparabolicity and
screening effects.

II. THE MAGNETOPHONON RESONANCE

A. Effective mass

The magnetophonon effect manifests itself as an oscil-
latory behavior of the resistivity as a function of the
magnetic field B. These oscillations are due to
electron-LO-phonon interactions which become reso-
nant when

o o=NeBy/m* , (1)

where N is the resonance index and By is the magnetic
field at this resonance. From the measurement of By,
the effective mass m* or the phonon frequency w;o can
be deduced, provided that one of the two is known. To
observe the MPR effect, the temperature must be high
enough to have a sufficient phonon population, but not
too high, since the thermal broadening of the Landau
levels reduces the oscillation amplitude. Optimal tem-
peratures are usually in the range 100-250 K. In analyz-
ing MPR results, one then has to consider the fact that
the thermal distribution of the electrons will lead to the
observation of an increased value of the effective mass
compared to the band-edge mass m § because of nonpar-
abolicity effects. In 2D systems the electric quantization
provides an additional amount of kinetic energy which
must also be considered when one wants to deduce m
from the measured mass. We will see below how this
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can be done in a simplified way in the case of our hetero-
structures.

The value of the effective mass is also affected by the
electron—-LO-phonon interaction (polaron effect). At low
magnetic fields, the renormalization factor of m* is
1+a/6 in 3D and 1+ma/8 in 2D, where a is the
Frohlich coupling constant, and this factor is expected
to be strongly increased in large magnetic fields, espe-
cially in the ideal 2D case.!'~!'* However, it has been
shown that the finite extent of the wave function of the
2D gas and screening effects reduce the Frohlich cou-
pling.!"1315=17 Both reduced'®!®~?° and enhanced”"?*
polaron effects have been reported for different 2D sys-
tems in low-temperature cyclotron-resonance and photo-
luminescence experiments.

In our analysis, we use a known value of the phonon
energy to calculate the effective mass. In heterostruc-
tures, the choice of the phonon which has to be con-
sidered is, however, by no means obvious. In the
GaAs-Al,Ga,_,As system most of the time it has been
assumed that the electrons interact with the bulk GaAs
phonon mode®” at a frequency of w; =296 cm ™' at low
temperature.”> But there is now growing evidence that
the MPR is due to a different optical mode whose fre-
quency is lower than that of the bulk GaAs LO pho-
non,'® and a value of ®;,=282 cm~! would be a better
candidate.

In the Gag47Inj 53As-Alg 45Ing 5,As  heterojunction,
each side of the interface is made of a ternary alloy
where two LO-phonon modes are present. But it is gen-
erally assumed that the 2D electron gas couples to a de-
generate InAs-like mode (which has an energy close to
the InAs modes of bulk Gag4Ings3As  and
Al 45Ing 5,As), in spite of the fact that the GaAs mode
of Gag4/Ing s3As presents a larger oscillator strength
than the InAs mode.>'® But recently, a resonant cou-
pling at the energy of the TO modes rather than
the LO modes has been observed both in
Ga 47Ing 53As-Alj 45ing 55As  and  Gag 4;7Ing 5;As-InP
heterojunctions.?* By contrast, discontinuity and
enhancement of the cyclotron-resonance mass were ob-
served at the LO energy in Gag 47Ing 53As-Alj 4gIng 55As
and Gag 47Ing s3As-InP  multiple-quantum well struc-
tures, respectively.”’ Such anomalous Frohlich coupling
of 2D electrons to optical phonons at unexpected low
phonon frequencies in these heterojunctions is not well
understood but either interface phonon modes®® or
plasmon-phonon modes?’ were suggested.

B. Amplitude of the oscillations

The amplitude of MPR oscillations can give valuable
information about the magnitude of the electron-phonon
interaction. Stradling and Wood?® proposed the follow-
ing empirical expression to describe the oscillatory part
of the magnetoresistivity:

—Yor0 O10

cos (27 , (2)

Apxx ~exXp ©

c c
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where w.=eB/m* is the cyclotron frequency and 7 is
the damping factor. In a theory including a Lorentzian
broadening of the Landau levels, Barker’” showed that
this expression corresponds to the first term of a series
giving the conductivity:

@10

2mr s (3)

Ao, =3 %exp( —2mry ) cos

r c

with y=T /0w, =7 /27)wo/w,) and T is the
broadening parameter. 7 has been widely studied as a
function of temperature and magnetic field in n-type
InSb (Ref. 30) and n-type GaAs.’!'—%

The amplitude of the oscillations has also been investi-
gated as a function of pressure in n-type InP and n-type
GaAs,? and was found to increase slightly with P. The
results were interpreted in terms of changes in the rela-
tive strengths of the different scattering mechanisms.

The MPR effect has already been observed in many
different 2D systems, as seen above,’'° but only Englert
et al.® have reported measurements of the oscillation
amplitude as a function of temperature in
GaAs-Al,Ga,_, As heterostructures. They observe a
broad maximum of Ap/p(B) around 210 K. A qualita-
tive study of MPR oscillations in Gag 4Ing 53As-InP
(Ref. 10) heterojunctions shows a maximum of the
second derivative of p(B) at 160 K. Kido et al.” report
a damping factor much larger in GaAs-Al,;Gag;As
heterojunctions than in bulk GaAs and suggest that
different scattering mechanisms might be dominant in
each case. Very few theoretical investigations of MPR
effects in 2D systems have been made:** the transvere
conductivity was calculated using the Kubo formalism
or starting from the momentum balance equation. But,
up to now, there exists no theory that takes into account
screening of the electron-phonon interactions and
broadening effects self-consistently in large magnetic
fields.

III. EXPERIMENTAL

The samples were n-type modulation doped hetero-
junctions with standard Hall-bridge shape, grown by
molecular-beam epitaxy (MBE). The thicknesses and
dopings of the different layers are summarized in Table
I. Detailed studies of their transport properties under
low magnetic fields as a function of pressure and temper-
ature (see Table II), as well as a description of the pres-
sure apparatus, have been reported elsewhere.’>3¢ The
oscillatory part of the p,,(B) curves were obtained from
the resistivity signal by using a linear compensation of
the nonoscillatory part of the magnetoresistance. Al-
though less sensitive than the double-derivative tech-
nique for the observation of weak peaks, this method al-
lows direct measurement of MPR amplitude to be made
for the low values of the resonance index N.
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TABLE 1. The sample parameters.

GaAs-Alj ,5Gag 1,As

Gayg 47Ing 53A8-Alg 45Ing 5,As

Protecting layer GaAs
50 A

Si-doped, 10'® ¢cm—?

Barrier Alo'zg"Gao_nAS Alo',‘gll’lo.szAS

500 A 1500 A

Si-doped, 5.7x10"7 cm™? Si-doped, 2x 10'7 cm~2
Spacer Al 2s°G30, nAs Alg 45Ing 5,As

300 A 80 A

undoped undoped
Buffer GaAs Gag 47Ing 53As

1 pm 1.5 um

undoped, p residual undoped, n residual
Substrate Semi-insulating GaAs Semi-insulating InP

Cr-doped

Fe-doped

IV. RESULTS AND DISCUSSION

A. Effective mass

1. Magnetophonon mass and nonparabolicity

Figure 1 shows MPR recordings at representative
pressures for both types of heterojunctions. In each case
the resonance peaks shift toward higher fields with in-
creasing pressure due to the increase of the effective
mass. We determine the resonance fields By as the
values of magnetic field corresponding to the tangency
points between the resistivity peaks and the envelope
curve of the oscillations. This method corrects directly
for the apparent shift of the maxima due to the damping
of the oscillations.

The effective mass m*, as determined from Eq. (1), is

plotted in Figs. 2 and 3 as a function of pressure
for two resonances. For GaAs-Alj,3Gaj1,As and
Gao_47in0.53AS'A10‘481n0.52AS, we have used (L)L0=282
and 222 cm™!, as respectively suggested by the works of
Brummell et al.'®* and Nicholas et al.?* In
GaAs-Alj ,3Gag ,As, we have assumed the same tem-
perature and pressure dependence as found in bulk
GaAs,?¥  and for the InAs-like mode in
Gag 47In; 53As8-Al, 45Ing 5, As we have assumed a similar
temperature dependence and we have taken the pressure
dependence from the Gruneisen formula:3?

01o(GaAs)=282(1—-4X107°T)(1+1.5x107°P), (4)
01 o(InAs)=222(1—4X107°T)(14+1.8X107°P), (5

where T is in K, P in kbar, and ;o in cm~!. Note that

TABLE II. Temperature and pressure dependence of the carrier concentration N; and the mobility

us of the 2D electron gas in both systems.

Ambient pressure

High pressure

T N, U P N,(P) u,(P)

(K) (10" em=%)  (ecm’V~'s™h) (kbar) (10" em™?)  (em’V~'s™!)
GaAs-Alj 53Ga, 7,As?

4.2 2.3 328000 7.7 1.03 138200
150 2 35000 13.6 0.21 21000
215 2.35 13000 13.6 0.54 11700
290 2.6 8000 14.4 0.8 6000

Gag 471ng 53As-Alg 4510 5 As™®

4.2 5.75 72000 14.5 4.9 50000
150 6.02 29000 13.6 5.1 24000
220 16 500 13.6 13000
300 11000 15 8 500

?The high-temperature data are estimated after correction for parallel conduction (Refs. 35 and 36).
®The high-temperature data come from a different sample of the same wafer. N, was assumed to be

temperature independent (Ref. 36).
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these pressure and temperature shifts of w;y are small
and could very well be neglected in a first approach.

The periodicity of the oscillations (NBy) gives B,
around 22.1T7 and 12.27, at ambient pressure, in
GaAs-Alj ,3Gag 15As and  Gag 47Ing 53As-Alg 45Ing s As,
respectively. In GaAs-Al, ,3Gaj 1As the N=2 and 3
peaks give roughly the same effective mass, and the fun-
damental resonance N =1 could not be observed in this
case, since it occurs above our field limit of 187.

We now compare the MPR mass m * to the band-edge
mass m§ measured in bulk GaAs and Gag 4In, 5;As.>*
If we neglect the polaron correction to the effective
mass, the mass enhancement due to nonparabolicity is
then given by the difference between m* and m§ in Figs.
2 and 3, and has a relative magnitude of 10%, 10.5%,
and 12% at 150, 215, and 290 K in
GaAs-Alj ,3Gag 7,As, and 28% and 34% at 150 and 220
K in Gag 47Ing 53As-Al 43In; 5,As at ambient pressure.
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FIG. 1. Typical magnetophonon resonance oscillations for
representative pressures: (a) in GaAs-Al, ,3Gag 1,As at 150 K,
and (b) in Gag 47Ing s3As-Alj 43Ing 5;As at 220 K. The dashed
line shows the exponential damping of the oscillations, A is the
relative amplitude, and arrows point to the resonances.
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FIG. 2. Pressure dependence of the effective mass in

GaAs-Aly ;3Gag 1,As: (a) at 215 K, and (b) at 290 K. Solid
symbols represent the MPR mass m * and open symbols corre-
spond to the band-edge mass m§. The error bar shown is the
same at any pressure. The arrows show the nonparabolic
enhancement to the mass. The solid line gives bulk results
after Shantharama et al. (Ref. 3) and the dashed lines are ob-
tained from five-band k-p theory (Ref. 45), using the matrix
elements of Ref. 3. Note that both lines coincide at 290 K.
No bulk results were available at 215 K from Ref. 3.
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FIG. 3. Pressure dependence of the effective mass in

Gay 47Ing s3As-Alg 45Ing 5,As at 220 K. Same remarks as in Fig.
2 apply here for symbols and error bars. The solid line gives
the slope in bulk Gag4;Ings;As at 210 K after Shantharama
et al. (Ref. 4) and the dashed lines are from five-band k-p
theory (Ref. 45) with P?=23.8 eV, (p')?=2.9 eV, and C = —2
for the matrix elements.

This is greater than what is reported for undoped bulk
GaAs (2.8% and 4.6% at 65 and 300 K)*® and
Gay 47Ing 53As (16-18 % at 210 K).* The mass enhance-
ment is seen to decrease as the pressure is increased in
Gay 47Ing 53As-Alj 45Ing 5,As (18% at 15 kbar). This is
an expected behavior since pressure brings a decrease in
the electron concentration®>3¢ (and, therefore, in the en-
ergy of the quantized levels) and an increase in the gap
(i.e., a reduction in the nonparabolicity of the band). In

B
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FIG. 4. Sketch of the energetic parameters for a resonant
electron-LO-phonon coupling at a heterojunction interface.
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FIG. 5. Temperature dependence of the band-edge mass in
the heterojunctions at ambient pressure compared to the relat-
ed bulk layers. (a) GaAs. The solid line has been deduced
from MPR data of Stradling and Wood (Ref. 28). The dashed
line and the dash-dotted line are from five-band k-p theory
with the matrix elements after Zawadzki and Pfeffer (Ref. 44)
and Shantharama et al. (Ref. 3), respectively. The low-
temperature point is taken from Ref. 43. (b) Gag 4Ing s3As.
The dashed line is obtained from five-band k-p theory as in
Fig. 3. The solid lines are deduced from cyclotron-resonance
data of Sarkar e al. (Ref. 42) and the low-temperature point
(210 K) comes from MPR measurements (Ref. 4).
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FIG. 6. Temperature dependence of the oscillation ampli-
tude in GaAs-Aly,3Gag,As at ambient pressure. Only
representative error bars are shown for clarity.

GaAs-Alj ,;Gag ,As, however, a different behavior is
observed, namely the mass enhancement increases slight-
ly with pressure (10.6%, 14%, and 14.2% at 150 K, 215
K, 290 K, and 15 kbar). We show below that a
significant increase in the polaron correction could be re-
sponsible for this.

2. A model for MPR analysis in the heterojunctions

We propose a simple model, based on k-p theory, to
account for the observed mass enhancement in the
heterojunctions. This model considers the transitions
between all Landau levels separated by the energy of the
LO phonon (Fig. 4). Each transition between one initial
level L and a final level L + N is weighted by the occu-
pancy of level L and the nonoccupancy of level L +N.
Neglecting spin effects at high temperature in the for-
malism of Palik et al.,>® based on the three-band k-p
model, we get, for the resonance N,

1 1 (E)pn
= 1+2K Win——— |, (6)
m*  mg ’ % by E,
where (E ), y is the mean energy of the transition:
(Ep n+EL) E, 2L +N +1
(E)y=—0 =5+ Ty [l
(7)

W) y is the weight of the transition and is calculated us-
ing the Fermi distribution. The position of the Fermi
level is estimated as a function of B, neglecting the
broadening of the Landau levels.”” The energy of the
quantized level E, (relative to the bottom of the well) is
calculated in the triangular well approximation (see Ref.
36). The factor { in front of E, in Eq. (7) accounts for

the fact that the mean position of the electron gas is not
the same as the well’s bottom position (Fig. 4). These es-
timations of E, have been made using the experimental
values of the electron concentrations as the input data.
Three-band k-p theory® gives —0.83 and —0.85 for the
nonparabolicity  coefficient K, in GaAs and
Ga, 47Ing 53As, respectively. However, there has been re-
cent experimental evidence for larger values of K, in
bulk GaAs (—1.75+0.05) (Ref. 41) and GalnAs
(—1.7£0.3) (Ref. 42), and in GaAs-Al,;Gag,As
(—1.4%0.1) (Ref. 43), from low-temperature (7 < 100
K) cyclotron-resonance measurements at frequencies
below w; . A five-band k-p theory* also suggests such
larger K,. The smaller value of K, found in
GaAs-Alj ;Gay ;As heterojunctions compared to bulk
GaAs at low temperature was attributed to the screening
of the polaron effect in heterojunctions. Above 100 K,
the screening was found to disappear and a polaron
enhancement of 2% was observed on m* for heterojunc-
tions with low electron concentration'® (0.9 and
1.8x 10" cm~2). In the present work, we have used
K,=—1.5 for both heterojunctions. For the
GaAs-Alj ,3Gag 7,As heterojunction, we have considered
only the first quantized level E,. In the case of
Gag 47Ing 53As-Alg 43Ing 5,As, the E| level is much closer
to E;, (Ref. 36) and was therefore included in our
analysis by using a straightforward extension of Egs. (6)
and (7).

3. Results

The band-edge mass calculated from our MPR mea-
surements with Egs. (6) and (7) is plotted in Figs. 2 and 3
as a function of pressure and compared to bulk results
and five-band k-p theory.*** The band-edge mass is
shown as open symbols.

In both systems, we observe that the nonparabolicity-
induced mass enhancement (m* —mg¢)/mg, as calculat-
ed with Eq. (6), decreases with increasing pressure, as ex-
pected. However, the calculated pressure dependence of
my differs from that measured in bulk layers. The slope
is too large in GaAs-Aly,;Gay 1,As (0.9% kbar~! in-
stead of 0.8% kbar~!), while it is too small in
Gayg 47Ing 53As-Aly 45Ing 5;As (1.3-1.5% kbar~! instead
of 2% kbar™!), compared to bulk. In
GaAs-Alj ,3Gag 1,As, the difference between the band-
edge mass in bulk and our result is about 2% at high
pressure, and this could be well accounted for by the po-
laron corrections that have not been included in Eq. (6).
Such interpretation is consistent with the fact that the
electron-phonon coupling is increased at high pressure
(see Sec. IVB). In Gag4Ing 53A1-Alj 45Ing 55As, the
discrepancy is much more important and cannot be at-
tributed only to the 1+4ma/8 polaron correction. Note
that our results can be described with a five-band k-p ap-
proach,* using a reduced value of the momentum ma-
trix element to account for alloy disorder, as proposed
by Pearsall*® (see Fig. 3). Such alloy disorder effects, al-
though they seem to play a significant role in the trans-
port properties of Gag 45In, 5,As, are not well under-
stood at this moment.*
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The temperature dependence of the band-edge mass in
bulk GaAs and bulk Ga, 4In, 5,As is reported in Fig. 5,
together with our results for the respective heterojunc-
tions. For GaAs, we have corrected the MPR data of
Stradling and Wood?® for nonparabolicity (using
K,=—1.4£0.1) between 60 and 290 K and for polaron
effects using the factor 1+a/4 (Ref. 1) where a=0.06,
and for Gag 4;Ing s;As we have corrected the cyclotron-
resonance data of Sarkar et al.*> with K,=—1.7 and
a=0.02 (Ref. 9) (details have been reported elsewhere*’).
The results of five-band k-p theory are also shown,

10°
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where the dilational change in energy gap was used in-
stead of the temperature dependence of the optical gap
(see Refs. 3 and 28). It can be seen that the results for
the heterojunctions agree fairly well with both bulk data
and theory.

B. Amplitude of the oscillations

The temperature dependence of the oscillation ampli-
tude is shown in Fig. 6 for GaAs-Alj,3Gaj,As. A
maximum of Ap/p, is observed at 130 K for N =2,
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FIG. 7. Pressure dependence of the oscillation amplitude in GaAs-Al, ;3Gag 1,As, (a) 150 K, (b) at 215 K, and (c) at 290 K. Ar-
rows indicate bulk amplitudes at ambient pressure after Kido and Miura (Ref. 33) and triangles at O kbar and 215 K are 2D ampli-
tudes for N =1, 2, and 3 in a higher concentration heterojunction (N,=3.4X10"" cm~?) after Englert et al. (Ref. 6). Same re-
marks as in Fig. 6 apply for error bars in Figs. 7-10.
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which agrees with observations in bulk GaAs,”*’ and

with Barker’s theory,?’ but no maximum was detected
for larger quantum numbers N. In
Gayg 47Ing s3As-Alg 45Ing 5As, the amplitudes were larger
at 150 than at 220 K, the ratio changing with pressure.
The relative amplitudes Ap/p, of all the resistivity
peaks are plotted as a function of pressure in Figs. 7 and
8. The amplitude is defined as the half separation be-
tween the envelope curves of the oscillations at the posi-
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FIG. 8. Pressure dependence of the oscillation amplitude in
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tions of the maxima (Ay) and minima (Ay_,,,) of the
resistivity. The damping of the oscillations appears not
to be exponential at low pressure, but it is useful to
define the damping factor as

Ay
Yy=2In ) (8)
Ayiin
nonetheless. Results are presented versus pressure in

Figs. 9 and 10 for both heterojunctions.

In the GaAs-Alj,3Ga, 1,As heterostructures, the am-
plitude of all peaks increases with pressure and seems to
reach a maximum value at pressures which are higher
for larger values of N. Also shown in Fig. 7 are the am-
plitudes observed at ambient pressure on undoped n-type
GaAs.>? It appears that as the electron concentration in
the heterojunctions becomes very low, the amplitude of
the oscillations tends to reach a maximum value which
is close to that of bulk GaAs. In this situation (high
pressure) the damping parameter is about 1, as in bulk
GaAs (Fig. 9). At lower pressure, we have situations
where certain peaks have reached their maximum ampli-
tude and others do not, and this results in a nonexponen-
tial decrease of the amplitude with B ~!, leading to un-
equal spacings between the curves giving the logarithm
of the amplitudes in Fig. 7. In other words, the damp-
ing factor depends on magnetic field in that case (Fig. 9),
and this dependence changes with pressure, i.e., with the
electron concentration. In another sample, having a
smaller spacer (200 A) and an electron concentration of
3% 10! ¢cm~? at O kbar, we have observed an identical
behavior, with, of course, different values for the damp-
ing factor and the amplitude of the oscillations.

These results indicate that the nonexponential increase
in the amplitude is linked to the 2D character and to the
degeneracy of the system. For very low values of Nj,
the system tends to behave as in the 3D case, as can be
expected, since the electron wave functions then have
large spreadings.

In the Gag 47Ing 53As-Alg 45Ing 55As system, the ampli-
tude of the oscillations shows, at first sight, a quite
different behavior: as the pressure is increased, only the
fundamental resonance N =1 has a strongly increasing
amplitude, while the other peaks show a very weak pres-
sure dependence (Fig. 8). However, similarly to
GaAs-Gag 1,Alj ,3As heterostructures, a nearly exponen-
tial decrease of the amplitude with B ~' is observed at
high pressure, while it is not the case at O kbar. At 16
kbar, the damping factor is about twice as large as in
bulk GaAs (Fig. 10). Since Gag 47Ing 53As is a ternary al-
loy presenting a larger residual doping than GaAs, we
can expect ¥ to be enhanced, but no quantitative mea-
surements of MPR amplitude have ever been reported
and therefore no comparison is possible.

V. CONCLUSION

The interpretation of such observations could presum-
ably be found in the effect of screening of the electron-
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phonon interactions. Theoretical results (at B =0) of  Brummell et al.,'® high magnetic fields can be expected
Ref. 17 show that, due to screening, the polaron correc- to cause a substantial enlargement of it. At this mo-
tion to the effective mass decreases when N, increases. ment, there is no theoretical estimation available with
This effect has a small magnitude but, as pointed out by which we could compare our results.
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FIG. 9. Pressure dependence of the damping factor in GaAs-Aly ,3Gag 7,As for two resonances, (a) at 150 K, (b) at 215 K, and
(c) at 300 K. Arrows indicate the extreme values reported in literature for bulk GaAs (Refs. 28, 32, and 33). Lines are just guides
for the eyes.
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FIG. 10. Pressure dependence of the damping factor in Gag 47Ing s3As-Alg 44in, 5,As for two resonances, (a) at 150 K and (b) at

220 K. Lines are just guides for the eyes.
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