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High-pressure elastic properties of gallium phosphide
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The pressure dependence of the elastic cons@jtsf GaP have been measured up to 15 GPa in a diamond
anvil cell. Brillouin backscattering experiments along the principal crystallographic directions yielded four
combinations of elastic constants from which the three indeperdgnvere extracted. Above 15 GPa the
closure of the energy band gap prevents the detection of the si@@dl63-182€09)04827-4

I. INTRODUCTION line with a single longitudinal mode was used with an input
power of about 150 mW. In the present study, we used a 5
Like many IlI-V semiconductors, gallium phosphide crys- +4 tandem Fabry-Perot interferometer. The diamond anvil
tallizes in the cubic zinc-blende structur&43m space cell was of the Block-Piermarini typ€,and hence all experi-
group. In this structure, the atoms are tetrahedrally bondednents were restricted to the backscattering geometry. In this
to their nearest neighbors through covalent bonds. Undegeometry, the shif(in cm 1) of the scattered radiation is
pressure, the cubic phase is destabilized, and a transition togaven by
tetragonal metallic phase occurs. At room temperature, this
transition takes place in the 20-GPa range. Ao=2nv/\c, 1)
The properties of the zinc-blende phase as a function of
pressure have been studied by Raman scattering up to 13Mheren is the refractive index of the medium, the wave-
GPal™® fundamental absorptich, refractive index length of the incident radiatioiin cm), c the velocity of
measurementsand a combined x-ray diffraction-x-ray ab- light, andv the velocity of sound in the medium. Experi-
sorption spectroscopy experimérithe transition to the me- ments were performed with three different directions of pho-
tallic phase was first observed in resistivity non propagation:[100], [110], and [111]. Longitudinal
measurement$® and then by x-ray diffraction*3 modes are observed for all three propagation directidns,
The elastic properties were studied under hydrostatic aneldditionally a transverse mode is also observed fof 1]
uniaxial pressures up to about 0.14 GPa using ultrasdfics.direction!® The combinations of elastic moduli involved in
From such a study, the second- and third-order elastithese experiments are summarized in Table I. Argon was
moduli were deduced, and hence the bulk mod@w@d its used as a pressure transmitting medium in all our experi-
pressure derivative’. ments, and the pressure was measured from the shift of the
In the present paper we present the pressure dependenRge luminescence peak of a ruby microsphere, using the
of the second-order elastic moduli of GaP up to 15 GPajuasihydrostatic scafé.
measured by Brillouin scattering in a diamond anvil cell. In order to deduce the sound velocity from Ef), it is
Section Il of this paper is devoted to a brief presentatiomecessary to know the pressure dependence of the refractive
of the experimental techniques used, as well as to details dfidex. We used the determination of Ref. 7, i.e.,
the data analysis. The results obtained for GaP are presented

and discussed in Sec. Ill. an(\,P)

aP
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A
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Th_e BriI_Iouin ;catteringlgechnique has been gxtensively TABLE Il. Ambient condition elastic moduli and bulk modulus
described in the literatur€:’® The 514.5-nm argon ion laser (in GP3 obtained by different authors.

II. EXPERIMENT AND BACKGROUND

TABLE |. Combination of elastic moduli involved in the vari-

ous propagation directions explored. Cu Cuz Caa B Ref.
Propagation 141.2+0.3 62.5-0.3 70.5-0.1 88.8-1 Weil (Ref. 20
A N N . . 1414 64 70.3 89.8 Boyl&Ref. 21
direction Polarization Combination of elastic modul
rectt zat natt ' ' 1411438 62.6:25 70.3-1.2 88.8-6 YamadaRef. 22
[100] L Cp 145.1 61.1 71.6 89.1 PesiRef. 23
[110] L (Cy1+Cp+t2C )12 137.5 59.4 72.2 85.4 GehrliotiRef. 24
[111] L (Cy1+2C1,+4C,0)/13 140.5 62.0 70.3 88.1  Yagtcu (Ref. 14
[111] T (Cy1— C1o+Cua)/3 146.1+0.9 63.6:1.2 69.9-0.8 91.1*5 Present work
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TABLE lIl. Coefficients of the quadratic least squares fit of the

35 T T
' ' elastic moduli[See Eq(5).]
GaP
; 1
b “’A ‘A A: . A ‘A‘A ‘A‘A‘ s, & o] Elastic modulus g (GPa r t (GPa ™)
- o ® Cuy 146.1+0.9 3.7#0.3 0.03:0.02
g oo e o o0 L e ¢
< T Cp 63.6£1.2 4.9-0.4 —0.06:0.03
E 7 . T(1) = Cus 69.9+0.8 0.6:0.3 —0.03+0.02
oy *  1(100)
g \ . e L(110)
Sask U R oW oy w L .o L Ill. RESULTS AND DISCUSSION
The values of the elastic moduli at ambient pressure are
10 . ! . . . given in Table 1l and compared with previous
0 s 10 s determination$®-2* overall, there is good agreement for all
Pressure (GPa) the C;; including the bulk modulus which, for a cubic crys-

FIG. 1. Pressure dependence of the measured acoustic moé%l’l ISFg.Ivef byB=(C114t-t2h01]%)/3. hift funcii ¢
frequencies. Triangles, rhombs, and circles represent the longitudi- nFg. 1, we present the frequency shitt as a function o

nal phonon propagating along th11], [110], and[100] direc-  Pressure measured for the various orientations. The triangle;,
tions; squares correspond to the TA aldad1]. rhombs, C|rcles,_ an_d squares represent the frequency shift
due to the longitudinal mode propagating along fhé1],
[110], [100] directions and the transverse mode along the
[111] direction, respectively. From these data the pressure
dependence of the sound velocities is deduced using(EQs.
and(2). The various combinations of elastic moduli are then
extracted using Eq$3) and(4) and Table I. The full lines in

Fig. 2 were obtained by a simultaneous least squares fit to all
four data sets in which each of the three independent con-
stants Cq;, C42, andC,,) were assumed to be of the form

with n=3.532, an/9P=—-0.029GPa’, and ¢°n/9P?
=0.001 GPa? for A=514.5nm.

The elastic moduli are related to the sound velocity
through

> e,
VE=_F(Cy), ®

wherep is the density, an& (C;j;) is a function of the elastic
moduli that depends on the propagation and polarization di-
rections. The values we have used for the density were ob-

tained from the equation of state measured by extendeghe values obtained for the individu@; are summarized in

Cij(P)=q+rP+tP2 (5)

x-ray-absorption fine structur&€xAFrs)® i.e., Table Il and plotted in Fig. 3 together with the resulting
bulk modulus and €;— C5)/2.
B'P\ B’ In Table 1V, we listed the pressure derivative of various
p=po| 1+ B—) , (4)  elastic moduli determined in this work and in previous
0

investigations*2*?>Although there is qualitative agreement

] ) between our values and previous determinations, the discrep-
where po=4138kg/mi is the density atP=0, By ancies lie slightly outside the estimated errors. These dis-

=87.4 GPa the bulk modulus &=0 andB’=4.5(Ref. 8.  crepancies may be due to the much larger pressure range
covered in the present investigation compared to that cov-

ered in the earlier ultrasonic experiments. It is interesting to
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FIG. 2. Pressure dependence of the various combinations ¢ Pressure (GPa)

Cij's obtained in this study. The symbols are the experimental re-
sults and the lines are the fits described in the text. FIG. 3. C;; obtained by fitting the Brillouin data in Fig. 2.
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TABLE IV. Pressure derivative of elastic moduli.

Present work Ref. 25 Ref. 24 Ref. 14 Ref. 8
dCqq/0P 3.7 0.3 5.0 0.2 5.40t 0.22 4.7 0.15
dCq,1 0P 4.9+0.04 5.0 0.2 5.93+ 0.36 4.7% 0.16
dC g4l 0P 0.6+ 0.3 1.1+ 0.1 1.24-0.012 0.92= 0.03
3(Cqy— Cyp)/20P —-0.6+ 0.4 —0.04-0.02 —0.088:0.003 —0.03+0.007
B’ =0B/JP 45+ 0.4 5.0 5.75 4.79 4.5
note, however, that our value Bf is in excellent agreement IV. CONCLUSIONS
with the value obtained in Ref. 8 by EXAFS over a similar
pressure range. Using Brillouin scattering we have determined the pres-

Recalling thatC,, and (C;—C;,)/2 represent the ex- sure dependence of the three independent elastic constants of
trema of the transverse moduli in a cubic crystal, the result§&aP up to 15 GPa; close to the previously reported phase
in Fig. 3 show no evidence that a soft acoustic mode igransition. Although the material exhibits somewhat unusual
responsible for the phase transition which occurs~@0  pressure independent shear moduli, there is no evidence for a
GPa. soft acoustic branch being responsible for the phase transi-

In an attempt to understand the mechanism of thdion.
pressure-induced phase transition in many group IV and
l1I-V crystals, Yogurteu, Miller, and Saunders proposed that
the transition occurs whe@' = (C,;— C,,)/2B decreases to ACKNOWLEDGMENTS
approximately 0.2: it was also further suggested that the de-
crease is due to a softening of the shear mode. Although our Physique des Milieux Conderses UniteMixte du centre
present results can be extrapolated to yi€ld=0.2 at~25  National de la Recherche Scientifique No. 7602. The work at
GPa, quite close to the observed transition, they do not supANL was supported by the U.S. Department of Energy, BES
port the idea of a soft shear acoustic branch. Materials Sciences, under Contract No. W-31-109-ENG-38.
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