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Raman phonon piezospectroscopy in CraAs: Infrared measurements
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Earlier Raman piezospectroscopic measurements for GaAs, performed with visible radiation, sug-
gest that uniaxial stresses may be as much as 30%%uo smaller at the surface than in the bulk of the ma-
terial. We present here measurements in the forward-, backward-, and 90'-scattering configurations
performed with a cw Nd-YAG (YAG denotes yttrium aluminum garnet) laser to which GaAs is
transparent. We confirm the above suggestion and obtain accurate values for the deformation po-
tentials of LO and TO phonons. We also obtain the dependence of the effective charge on uniaxial
strain and compare it with recent theoretical calculations. Phenomena related to plastic deforrna-
tions are observed at the highest stresses attained.

I. INTRODUCTION

Since the original work of Anastassakis et al. ,
' the

dependence of phonon frequencies on uniaxial stress has
received considerable attention. First-principles calcu-
lations of this dependence for Si (Ref. 7) and diamond
(Ref. 8) have appeared very recently, while in numerous
experimental studies these data have been used for charac-
terizing lattice-mismatched (strained) superlattices. Most
of the existing data on the stress dependence of phonons
have been obtained by means of Raman spectroscopy.
The data are presented in terms of the so-called phonon
deformation potentials (PDP's) which represent the slopes
of the phonon frequencies for the various irreducible com-
ponents of the strain.

GaAs is the only material for which such data have
been obtained with both Rarnan ' and ir spectros-
copy. ' '' For this material (which is used as a com-
ponent of many superlattices) measurements have also
been performed under pure hydrostatic pressure all the
way up to the phase transition (18.0 GPa). ' '' In spite of
the experimental emphasis put on such studies for GaAs,
its measured PDP's are affected by considerable uncer-
tainty which appears quite clearly when one compares
data obtained under uniaxial and pure hydrostatic
compressions. The uniaxial data, properly combined,
yield the hydrostatic PDP's (the so-called mode Griineisen
parameters) which turn out to be as much as 30% lower
than those obtained for purely hydrostatic conditions in a
diamond anvil cell. ' '' " This discrepancy has been at-
tributed to stress relaxation near the surface, in the region
of penetration of visible lasers ( & 1 pm), or far-infrared
radiation ( & 1 pm) when the stress is applied uniaxial-
ly. ' As suggested in Refs. 4 and 11, measurements
with a near-infrared laser frequency to which the material
is transparent become necessary.

Here we present such measurements performed with a
cw Nd-YAG (YAG denotes yttrium aluminum garnet)
laser (1.0642 pm) whose photon energy (1.165 eV) lies well
below the direct gap of GaAs (1.429 eV at room tempera-
ture). We show that the Gruneisen parameters obtained
under uniaxial conditions agree much better with the hy-
drostatic data. Using an oblique forward-scattering con-

figuration, we are able to obtain data for LO phonons vi-
brating along the stress axis (LO singlet). These data can-
not be obtained from backscattering measurements to
which we are limited when the material is opaque to the
laser radiation. We thus confirm that previous discrepan-
cies are due to stress relaxation near the surface. Having
overcome this limitation, and being able to measure in the
oblique forward-scattering configuration, we determine
accurate values for all deformation potentials of the TO
and LO phonons from data for stresses along [100] and
[111). In order to check the consistency, we perform also
redundant measurements for [110] stress. From the LO
and TO PDP's we determine the parameters M;~ which
give the dependence of the transverse charge on strain. '

They are shown to agree with recent theoretical esti-
mates. Finally, we discuss our observations of plastic de-
formations which appear in the region of highest stresses
applied.

II. MEASUREMENTS

The Raman experimental setup included a cw Nd- YAG
laser (Quantronix model No. 114-R, Smithtown, NY
11787, to~„,„——9396.7 cm ') and a germanium detector,
cooled to liquid nitrogen (model No. E0-817, North
Coast, Santa Rosa, CA 95406). The laser beam was
chopped (18 Hz). A Jarrell-Ash model No. 25-100 double
monochromator, provided with 590 lines/mm grating
blazed at 1000 cm ', was used to analyze the scattered ra-
diation. The detector signal was fed into a lock-in ampli-
fier which was interfaced through an analog-to-digital
converter, to a HP-9216 computer for analyzing the data.
The measured spectral resolution was 2.7 cm '. The
samples were cut as parallelepipeds of dimensions
15 & 1.5 & 1.5 mm, x-ray oriented to within -2, and pol-
ished. The material was obtained from Wacker Chemi-
tronics (Burghausen, FRG) and had carrier concentrations
smaller than 10' cm . Four types of sample orienta-
tions were measured designated by (x,y, z)~ ~([100],
[010],[001]) or a, (x',y'z')

~
~([110],[110],[001])

or b, (x",y",z")~~([112],[110],[111]) or c, and
(x"',y"',z'")~~([110],[001],[110]) or d. The stress was
always applied vertically, along z, z', z", or z"', respec-
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tively, and the scattered light was always detected along
the horizontal axes x, x', x", or x'", respectively. The
ends of the samples were glued with epoxy into brass cups
which were coupled to the stressing rig. About one cm of
sample was free outside of the cups. The laser beam, with
a diameter of -2 mm, was focused on the center of the
bar.

In the backscattering configuration we worked at nearly
normal incidence (external angle of incidence 8 20 ) with
the laser beam horizontal. In the oblique forward-
scattering experiment the external angle of incidence was
kept &20 so as to minimize polariton effects. ' In this
case, used only with configurations b, c, and d, the
scattering plane was chosen either horizontal or vertical.
In the first case the laser beam was horizontal at an exter-
nal angle of incidence 0H, leading to a horizontal scatter-
ing wave vector k perpendicular to the stress axis (i.e.,
k~ ~y', y",y'"), and thus permitting the observation of the
LO doublet. In the second case the laser beam was
oblique at an external angle of incidence 0&, leading to a
vertical scattering wave vector k ( —k~ ~z', z",z"'), thus al-
lowing the observation of the LO singlet. ' To avoid
problems of backlash and irreproducibility of the mono-
chromator drive we recorded simultaneously two lines of
a Hg lamp: one at 9120.4 cm ' (third order) for the TO
phonon and one at 9099.3 cm ' (third order) for the LO
phonon. All measurements were performed at room tem-
perature.

III. EXPERIMENTAL RESULTS

A. Stress along [111]

The highest stresses reached in configuration c were be-
tween 1.2 and 1.3 GPa. Usually the samples broke after
being under such stresses for time intervals up to about
two hours. Shortly before the breaking point, they
developed gradual macroscopic damages, as evidenced by
the diffused transmitted laser light viewed through an ir
viewer. The few Raman spectra taken while the samples
were under such extreme conditions, show rather asym-
metric line shapes at frequencies which fall outside of the
linear trends established up to that point. These observa-
tions indicate that the material is no longer a single crys-
tal, but rather in a plastic state led to final fracture
through a time-evolving sequence of irreversible deforma-
tions. Although such data cannot be taken into account
in determining the slopes of the phonon frequencies
versus stress, they are, nonetheless, very informative in es-
tablishing spectroscopically the onset and monitoring of
the evolution of plastic deformations as a function of
crystal orientation (see following sections) and duration of
loading.

For this crystal orientation, a backscattering geometry
allows the transverse singlet ( T, ) phonon component to be
observed with the incident and scattered beam polariza-
tion el and es, respectively, both along [ill] or [110];
also, the transverse doublet ( Td ) component with
el

~
~[111], es~ ~[110], or vice versa, and the longitudinal

doublet (Ld ) with el
~ ~

es
~ ~

[110]. In the oblique forward
geometry, with a vertical scattering plane, one sees the
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FIG. 1. Raman spectra obtained for the TO and LO phonons
of GaAs at room temperature for a stress of X =0 GPa and for
X=1.2 GPa along [111]. For other details, see text. The Hg
calibration lines are also shown.

longitudinal singlet (L, ) component for eI
~
~es

~
~[111]or

eL. llesll[110] and the "rd component for eL, llesll[110]
and eI ]][111],esf ][110], or vice versa. One problem,
however, that often developed with the backward- and
oblique forward-scattering configurations was the mixing
of such configurations which was produced mainly by the
first reflected beam from the back and front surface,
respectively, inside the material. As a result, spectra of
Td or Ld could have been affected by T, or L„respec-
tively, thus introducing systematic errors in determining
the slopes. To avoid such complications, we repeated and
checked all data taken in the backward and oblique for-
ward configurations, using a 90 geometry. The latter re-
sulted in somewhat smaller signals but was cleaner and in
some instances well justified. The 90 geometry, of
course, could give no information about the L, com-
ponent which can only be obtained from the (vertical) ob-
lique forward configuration.

Figure I shows typical spectra obtained at 0 and 1.2
GPa along [111]. The scattering configurations are
eI

~
~es

~

~[111] for L, (oblique forward) and T, (back-
eL I les II [110] for Ld (backward), and eL (~[110]

and es~ ~[111] for Tq (backward and oblique forward).
Figure 2 shows detailed results of shifts versus stress for
the four phonon components observed in this crystal
orientation. Except for L„all other components were ob-
tained in the 90' geometry with el

~
~[112], es~ ~[110] for

Td and Ld, and eL ~~es~ ~[Ill] for T, . (The phonon fre-
quencies at X =0 were m~o ——268.6+0.2 and coLo
=291.8+0.2 cm '.) The points in this figure are experi-
mental and are accurate within 0.01 to 0.05 cm ' depend-
ing on the quality of the spectra. The lines are the result
of linear least-squares fits to the experimental points. The
slopes of these fits and corresponding errors are listed in
Table I. As usual, for all tetrahedral semiconductors so
far measured ' the singlet frequencies increase faster than
the doublet frequencies with increasing stress along [111]
(note, however, that for diamond the singlet increases fas-
ter for both, [111]and [001] stress' ). From the slopes of
the lines in Fig. 2 we obtain the dimensionless deforma-
tion potentials %44 and the Gruneisen parameters y listed
in Table II (superscripts or subscripts L and T are used to
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FIG. 2. Splittings and shifts measured for LO and TO pho-
nons in GaAs under a uniaxial stress applied along [111].These
data were taken with a 90 geometry except for the I, com-
ponent which was obtained with oblique forward geometry
(vertical scattering plane) from a (112) face.

identify longitudinal and transverse phonons, respective-
ly). The equations used are

2(h„co/X)
E44 = 7 Q)p

~OS44

(AHco/X)

~o(Sti+2Stz) '

where

b, „co=a,(co, —cod )

+Hco = A(M + 2cod )/3 .

and cop stands for AT& or ~LO, respectively.
In Eqs. (1) S,J. represents the elastic compliance con-

stants. The coefficients r =K44coo (in sec ) are some-2 ~ —2

times used in the literature instead of E44. ' We take
S» —S» ——1.54)& 10, S» +2S» ——0.445 X 10, and

S44 ——1.68&&10 (in GPa '). ' The values of K44, K44,
yT, and yL obtained in this manner are listed in Table II
and compared with other measurements. We note that
earlier determinations of the parameters of the LO pho-
nons from Raman experiments with lasers in the visible
involved the use of data for yL obtained in separate exper-
iments under hydrostatic pressure since the LO singlets
could not be measured in backward scattering.

TABLE I. Compilation of our experimental slopes of phonons in CsaAs versus uniaxial stress (in cm /GPa). Under PDP we have
listed the dimensionless phonon deformation potentials which can be obtained from appropriate linear combinations of the slopes.
The corresponding combinations are given under the heading AA/X. The uncertainties given for the slopes are standard deviations
which correspond to the scatter of the experimental points for various repeated measurements. An uncertainty of 3% corresponding
to errors in the force and the cross section must be added to them. This error has been included in Table II. 0r and 0H indicate ob-

lique forward geometry in a vertical or horizontal plane, respectively. a, b, c, d refer to the three crystal orientations used in these
experiments.

Crystal
orientation

c, Xi i[111]

Scattering
orientation

90 scattering
90 scattering
90 scattering
Forward 0r

Polarization
configuration

HH
VV
HH
VV

Phonon
component

COTd

COTs

CO Ld

COLs

Measured
slopes

( dQ/dX)

—0.95+0.05
—2.94+0.05
—0.96+0.05
—2.25+0.05

PDP

yT
PL
K 44

LK 44

( hA/X)

d (cOT, +2cOTd /dX
d (cor s +2coLd ) /dX
d (COTs —COTd ) /dX
d (COLs —COLd ) /dX

a, X~~[OO1] Forward 0r (b)
90' (a, b)
Forward 00 (b)
90 (a)
Forward 0~ (b)
90 (a, b)
Forward 0r (b)

VH

HH

VH

HH

COTd

COTs

COLd

COr s

—1.68+0.05

—1.06+0.05

—1.97+0.05

—0.40+0.05

PL

T TKr] —K r2

L LK]]—K]p

d (COTs

d (cor s —cor d )/dX

d, xi~[110] Forward 0&
Backscattering
Backscattering
Forward 0q
90 scattering

VV

VH
VH
HH

COTd rr

COTs

COLs

COLdr

—2.03+0.02
—1.84+0.02
—2.48+0.02
—2.25+0.04
—1.27+0.02

for consistency check
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TABLE II. Values of phonon deformation potentials (PDP s) and Griineisen parameters compared with other Raman and ir stud-
ies. Note that in previous Raman work the PDP's of the LO phonons were not obtained directly in uniaxial stress experiments but by
combining uniaxial and hydrostatic data. In the present work they are obtained solely from uniaxial data by using oblique forward-,
backward-, and 90'-scattering configurations.

Crystal
orientation

XI I[111] —0.88+0.03
—0.80+0. 12
—0.80+0.40
—0.20+0.20
—0.74+0.06

L
%44

—0.53+0.03
—0.54+0. 12
—0.60+0. 16

—0.48+0.06

1.35+0.03
0.92+0. 10
1.00+0.30

1.15+0.06

T T+ 11 I '12
L L+ 11 I 12 PL

1.07+0.03
0.80+0. 10
1.00+0. 15

0.89+0.05

Ref.

Present
4
10
2
11

X
i I

[001] 1.23+0.03
0.78+0. 10
0.70+0.30

0.94+0.06

0.30+0.03
0.24+0. 14
0.60+0.30
0.20+0.20
0.16+0.06

0.70+0.03

0.70+0. 16

0.50+0. 10

1 ~ 11+0.03
0.66+0. 10
0.80+0. 15

0.73+0. 10

Present
4
10
2
11

Average

Hydrostatic

1.29+0.04
0.85+0. 10
0.85+0.30

0.90+0.30
1.05+0. 11
1.39+0.02

1.09+0.04
0.73+0. 10
0.90+0. 15

0.81+0.10
1.23+0.02

Present
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FIG. 3. Splittings and shifts measured for LO and TO pho-
nons in GaAs under a uniaxial stress applied along [001]. The
data were taken with a 90' geometry from a (100) scattering face
(configuration a), except for the L, component which was ob-
tained with oblique forward geometry (vertical scattering plane)
from a (110}face (configuration b).

B. Stress along [001]

Here, we chose either the (110) plane (b configuration)
or the (100) plane (a configuration) as a scattering face.
The I., component is observed only from b in the oblique
forward geometry (vertical scattering plane) with
eL IIesII[110]. The remaining components (T„Td, Ld)
can be obtained with various scattering geometries (back-
ward, oblique forward, or 90' scattering) from b or a, ac-

cording to the usual selection rules. We applied several of
them and, within error, all gave the same slopes, shown in
Table I.

Figure 3 shows the shift of the LO and TO phonon fre-
quencies versus stress along [001]. The L, component
was obtained as described above while the other three
components were observed with 90 geometries (Table I).
The quality of data is as good as that for X~ I[111](Fig.
2). Also, the general behavior of the crystals in the high-
stress region was similar to that for XI I[111],except that
the breaking point was lower, between 0.75 and 0.85 GPa,
and the time interval at which the crystals were able to
sustain such high stresses were shorter, typically less than
one hour. It appears therefore that the crystal enters a
state of plasticity at about 0.80 GPa and is led to fracture
faster than for X=1.2 GPa along [111]. These effects
were seen rather reproducibly for many samples cut from
separate boules. Thus data points above 0.80 GPa were
discarded for the determination of the slopes of Table I in
the [001] stress case. We note that these results correlate
very well with other findings in the literature: In Ref. 19
a sudden increase in the piezoresistance for [001] stress
was obtained in GaAs for X between 0.7 and 0.9 GPa. It
was suggested that it might be due to plastic deformation.

The measurements for XI I[001] also show the follow-
ing peculiarity. In the low-pressure region (0&X&0. 1

GPa) the incident beam polarized along [001] changes its
polarization after crossing the sample. This effect reaches
a maximum for L-0.06 GPa. At this pressure the sam-
ple seems to be birefringent with an optical axis at -45'
with respect to the stress direction. At higher pressures
()0.1 GPa) this effect disappears and the optical axis
agrees again with the stress direction. We did not find
any obvious explanation of this effect which we plan to
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investigate further. On account of it, however, we dis-
carded for our linear fits any points obtained for X &0. 1

GPa.
We note that in Fig. 3 the doublets shift faster with X

than the singlets, contrary to the results of Fig. 2. This
fact is also common to all tetrahedral semiconductors but
not for diamond. ' From the slopes measured for the LO
and TO frequencies versus X (Table I) and Eqs. (1), which
remain valid for X~ ~[001] provided one replaces K44 by
E11—E12, r by p —q, and S44 by S» —S12, the values of
yT and yL can be obtained. The results are included in
Table II.

C. Stress along [110]

For a stress applied along [110] the LO and TO pho-
nons split into three components each, one polarized along
the stress and two perpendicular to it. All shifts of LO
and TO phonon frequencies are determined by the data of
Table I, hence no new information is found. We per-
formed, nevertheless, such measurements in order to ob-
tain an independent check of the consistency of our re-
sults.

A straightforward calculation gives for the shift of the
three components of either LO or TO phonons:

1 1

COdI ~COH + 6 ~COP01 p ~Ct7»1

1~~dII=~~H —
3 ~~001 ~

1 1

ACORN
=ACOH + 6 ACOP01+ p AC0111

In Eq. (2) b.co, represents the frequency shift of the pho-
non vibrating along the stress, while 6~~1 and
represent phonons vibrating along [110]and [001], respec-
tively. Achroo~ and b,co», represent the splitting of Eq. (1)
which would be obtained with stresses of the same magni-
tude either along [001] or along [111],respectively.

We performed Raman measurements with X~ ~[lTO] on
a [110] face of a GaAs bar. With this configuration, and
oblique forward-, backward-, and 90 -scattering
geometries, we measured some of the components of the
LO and TO phonons. The slopes from the linear fits of
the data are given in Table III together with the values
calculated with Eq. (2) from the data of Table I. The
agreement is satisfactory, especially after one enlarges the
error bars to include in each case a 3' error due to force

and cross-section uncertainties. We should point out that
for this stress direction plastic deformation sets in be-
tween 0.80 and 0.90 GPa, i.e., practically at the same de-
formation pressure as for the samples with X

~ ~

[001].

D. Effective charge deformation potentials

In view of the reliable values of the shear splitting pa-
rameters %44 and K11 —@12 for the LO and TO phonons
found here, it is of interest to evaluate the dimensionless
tensor components M» —M12 and M44 which represent
the change in transverse effective charge induced by the
stress. ' We use the following equations: ' '
M11 —M12 —— [ &o(K & &

—K i2)
L L

2(eo —e )

e e
k11 —~12

K i&
—K i2)l+

I e

M44 —— (EoK 44
—e„K44)+

2(eo —e„)

(3a)

(3b)

where e and ep represent the ir and rf dielectric con-
stants and k,j are the photoelastic coefficients. ' [The
reader is cautioned that Eqs. (3) have been printed in Ref.
4 with a slight error, without further consequences. ] Us-
ing the values of k,z, ez, and e given in Ref. 4, we find
the values of M» —M12 and M44 listed in Table IV.
Separate values of M» and M12 can be obtained from the
value of the hydrostatic coefficient M»+2M12 related to
yL and yT through

M11 j2M12 ——
6'0 —6

k» +2k12
(EaoYT EOQL)+ + Y26

(4)

The values of M~~+2M, 2 found with Eq. (4) from our
data (with average values for yr and yL) and from the re-
sults of other studies are also listed in Table IV. The
agreement between experimental and calculated values of
M» —M12 and M44 is very good. Our M»+2M1z also
agrees within error with the hydrostatic pressure results,
the difference arising from the values of yT and yL ob-
tained in the two experiments.

TABLE III. Slopes dA/dX (in cm '/GPa) measured for some of the LO and TO phonons with
X~ ~[1TO], compared with calculations [Eq. g)] from the slopes given in Table I for [001] and [111]
stress. The error bars of measured slopes do not include the 3%%uo due to force and cross-section uncer-
tainty. The average values used for ASH are —1.42+0.05 for LO and —1.54+0.04 cm '/GPa for TO
phonons.

TO,
TOdII

(average) LO, LOdg

Measured
Calculated

'Average value.

—2.48+0.02
—2.44+0. 12

—1.93'+0.02
—1.75+0. 11

—2.25+0. 10
—1.81+0.12

—1.27+0.02
—1.19+0.12
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TABLE IV. Values of the effective charge shear and hydro-

static deformation potentials M» —M», M44, and M~~+2M~2
obtained experimentally in this work compared with other
values found in the literature.

Present
results

M)l —M)2

1.6+0.2

M~

1.1+0.2

M))+2M)p

3.9+ 1

Other
data

1 5'
1.5+0.4'
0.9+1.3'

0.9'
0.9+0.3'
0.8+0.5'

1 9'
49+1 9
3.9+2. 1'
2.9+0.5

'Theory, Ref. 5.
Experiment, Ref. 11, average values.

'Experiment, Ref. 4.
From Eq. (4) using yT and yL values obtained from the hydro-

static pressure work of Refs. 12 and 13.

IV. DISCUSSION

The data presented here (Figs. 2 and 3) and the results
of the calculations (Tables I—III) show clearly the advan-
tage of performing such measurements in the region of
transparency of the semiconductor. The low noise spectra
and the high quality fits have allowed us to obtain the
slopes of the phonon frequencies versus stress with accu-
racy nearly equal to that encountered in hydrostatic pres-
sure experiments. The values of the Griineisen parameters
obtained here are much closer to the values from hydro-
static measurements, than in any previous studies. This,
of course, is due to the fact that the ir laser used here
probes a large portion of the cross section of the stressed
material. In all previous studies of GaAs with visible
lasers ' or with far-ir radiation' "the light probed only
the near-surface regions extending from a few hundred
angstroms to a few micrometers, respectively. The sys-
tematically lower values (by as much as 30%) of the
Griineisen parameters obtained in these latter studies
show clearly that the hydrostatic component of the uniax-
ially applied stress decreases by the same amount near the
surface. The stress relaxation is expected to be maximum
at the surface (within 0.5 pm) and to diminish within a
few micrometers from the surface. We are therefore
somewhat puzzled by recent results which show an in-
crease in strain near the surface for Ge and Si (by as much
as 30%). We believe that the discrepancy may lie in the
method of applying the stress (shorter aspect ratios than
in our case, contact through lead shims instead of epoxy).

It is interesting to note that our values of K 44 and K 44
obtained with X~ ~[111]agree well with the most reliable
sets of other measurements (Refs. 4, 10, and 11), suggest-
ing that near the surface the hydrostatic stress probably
relaxes more than the appropriate shear component. The
same argument could be made also for the shear com-
ponents with X

II
[001], judging from the values of

K» —K ]2 and K» —K &2. However, it is not easy to ful-T T L

ly ascertain this fact because of the large error bars in the
previous data ( -50%).

The apparent differences between the present values of

yT and yL and those from hydrostatic pressure work may
have a technical origin. The value of yr=1.22+0.03, for
instance, was obtained through a linear fit to the hydro-
static pressure data to 7 GPa whi1e 1.39+0.02 was ob-
tained from a quadratic fit of data up to the phase transi-

tion (18 GPa). ' ' It is not possible to say off hand which
type of fit is more appropriate for comparison with our
results, since the equation of state of GaAs deviates from
the quadratic behavior in the domain up to the phase
transition. Obviously, a fit of the hydrostatic data after
converting pressure to volume with an analytic equation
of state (e.g., Murnaghan's), and subsequent derivation
with respect to the volume, would yield values of y T more
appropriate for comparison with our low-pressure data.
This was not performed since the original hydrostatic
pressure data were no longer available. We can, however,
state that the value yT obtained in this manner would lie
between those found with the linear and the quadratic fits,
thus leading to even better agreement with the present
values.

One interesting aspect of the present work is the possi-
bility of spectroscopically detecting the onset of plastic
deformations of the crystal, as a function of such controll-
able parameters as crystal orientation, level of compres-
sion, and duration of loading. The observed signs of plas-
ticity in the region of 1.2 GPa for X~

~

[111] and
0.75—0.85 GPa for X~ ~[001] and [110] are in agreement
with what should be expected on grounds of plasticity
theory. Indeed, the shear-stress component ~o which is re-
quired to produce the onset of deformations along the
gliding planes (111) is the same in both cases, and is pro-
portional to the applied stress multiplied by the corre-
sponding Schmid factor. Since the ratio of Schmid fac-
tors in the two cases ' is 0.27/0. 41= 1:1.5 one expects that
deformations (leading to fracture) will appear at compres-
sive stresses in the ratio 1.5:1. The values observed here
have exactly that ratio, i.e., 1.2:0.8. Furthermore, we find
that ro ——0.27)&1.2=0.32+0.01 GPa for X~ [111] and
ro ——0.41X0.8=0.33+0.02 GPa for X~ ~[001] and [110].
These results agree very we11 with the value of
~o ——0.31+0.01 GPa inferred from the work of Lefebvre
et al. , who measured the stress-strain curve of semi-
insulating CyaAs deformed at room temperature under
confining pressure.

We conclude this section by recognizing that Raman
spectroscopy can be used as an alternative sensitive tech-
nique to monitor plastic deformations in crystals, follow-
ing a variety of treatments such as, implantation, anneal-
ing, doping, hardening, etc. The results of a related study
in In-hardened GaAs will be presented in a future work.

V. CONCLUSIONS

We have measured the shifts and splittings of phonons
produced by uniaxial stress in GaAs using a laser to
which the material is transparent. Comparison with pre-
vious data, obtained with lasers to which the material is
opaque, and also with ir reflection data, confirms the con-
jecture that the stress is relaxed by —30% in the surface
region. We have determined from our data reliable values
of the tensor coefficients M ~ ~

—M &2 and M44 which
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represent the change in transverse effective charge with
strain. These coefficients agree very well with recent
theoretical calculations. The onset of plastic deforma-
tions becomes clear from the present data and it is placed
at stress levels which depend on crystal orientation, in ac-
cordance with plasticity theory.
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