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Abstract tetrahedra sharing corners, which are aligned perpen-
Two different elastic properties measurements of dicular to the crystallographic c axis, sandwiched be-

piezoelectric single crystals of L%a);Ga; 5014 tween octahedral-decahedral layers [2][3]. At arrlbient

(LTG) are presented and compared in this paper. pressure, the cell parameters of LTG are@228A

The equation of state (EOS) of LTG was studied un- and ¢=5.124A.
der hydrostatic pressure up to 20 GPa in diamond-anvil
cell by powder X-rays diffraction. No structural tran- Experimental setup and results

sition was observed. The complete set of second or-  The determination of the equation of state of LTG
der elastic constants (S.0.E.C) of LTG and their pres- 55 performed by energy dispersive X-rays diffrac-
sure derivatives were measured under hydrostatic pres-tjon technique at LURE synchrotron on powder sam-
sure in Paris-Edinburgh press up to 8 GPa using ultra- ple. Two different setups were used. In low-pressure
sonic measurement technique. Piezoelectric con:stantsrange (0-7 GPa) the Paris-Edinburgh Press have been
and the pressure derivative of,ewere deduced from  sed with a special gasket including a furnace[4] in or-
this measurements. Bulk moduli and their initial pres- der to relax uniaxial stress under pressure by in situ
sure derivatives are calculated and compared with val- high-temperature control of a mix powder of LTG and
ues obtained by fitting a Murnaghan EOS to the X-rays Ngac|. Temperature was evaluated thanks to furnace cal-
diffraction data. The Born criteria for crystal stability  pration and pressure was measured by X-Rays diffrac-
have been computed and compared with those of quartz. tjon on NaCl, whose EOS is a pressure standard [5].
For higher pressure range (0-20 GPa) a classical mem-
Introduction brane diamond anvil cell (DAC) loaded with argon as
LagTay5Ga; 5014 (LTG) belongs to the Langasite  pressure transmitting medium have been used. Quasi-
(LGS) family (Trigonal symmetry, group point 32)[1] hydrostatic stresses on the sample can be assumed in
a large set of new piezoelectric crystals. Among them the whole pressure range. Pressure was measured with
LTG is one of the most promising members since it ex- the ruby luminescence scale [6]. The pressure depen-
hibits the best technical characteristics for the develop- dencies of the relative lattice parameters (afad c/g)
ment of efficient surface and bulk acoustic wave de- are plotted on Fig. 1. The results obtained by Werner
vices (SAW, BAW): moderate-high piezoelectric cou-
pling coefficient, low acoustic loss, temperature com-
pensation. Moreover, LTG possesses a high melting
temperature (1500C) and could be used to develop

devices working under extreme conditions. The aim of et
our study is to investigate the LTG structural stability g " T Transition zone
under pressure. Two high pressure studieson LTG were ¢ 7 SERRE T (epeordng oemer & D
performed and are presented. % 0984 . ST
o " °.

Equation of state % 0874 Qur study: o y
Crystal structure %0%_ . T

LTG crystallizes in the trigonal G&aGe Oy % ' mﬁ,ﬁ}flm N
structure type with space group P321 [1]. From a gen- ST B PiLACPa = =

T
0 5 10 15 20

eral point of view, the structure type appears to be very Pressure (GPa)

close to quartz, but their space groups are different

(P3,21 for quartz) and no helicoidal structure (observed Figure 1: Relative variation of lattice parameters of
in quartz) exists in LTG. The crystal structure can be LTG

described as a mixed framework consisting of layers of
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et al.[3] are also plotted for comparison. In the pressure coupled with an oscilloscope. Accuracy (1ns) was im-
range from atmospheric to 12 GPa, the bulk modulgis B proved by the employment of a signal cross-correlation
and the linear moduli B B. and their pressure deriva-  technique. Under pressure, density and length evolu-
tives at "zero pressure” have been obtained by fitting tion are required to calculate elastic constants. Methods
the Murnaghan equation of state to the data (Table 1). developed by Thurston or Cook [8] to calculate elas-
Results obtained with the Paris-Edinburgh press exper- tic constant from the time of flight experiments without
equation of state are very tricky even for for cubic sys-

Table 1: X-ray determination of Bulk Moduli of LGT .
tem and are irrelevant for low symmetry ones. A new

Modulus (GPa) derivative "self-consistent” method has been developed to calcu-
Bo (This work) 140(10) 3.0(2) late elastic constant under pressure with only pressure
Bo (Werneretal.[3]) 144(2) 0.5(5) derivatives of transit time. This method has been vali-
Ba 370(8) 6.7(6) dated with quartz data according to McSkimin experi-
B. 604(8) 9.5(6) ments[9].

Experimental setup
iment setup are in good agreement with those obtained  Single crystal samples were oriented and cut with
by the DAC one. There is an important anisotropic various dimensions ranging from 4.97 to 6.93 millime-
compression for the the ¢ and a axis: the crystal lattice ters (see ref [7] for the orientation definitions). Their
is less stiff perpendicular to the A3 axis. This differ- density value at ambient pressure#6126 kg/m.
ence of compressibility between the lattice parameters At ambient pressure, constants have been determined
may be explained by the fact that octahedra sites are with a transducer mounted directly on the crystal along
less compressible than tetrahedra ones. Lattice param-all directions. Measurements have been performed with
eters have been refined in trigonal system on the whole many different sample and a unique elastic constants set
pressure range. At variance with Werner et al.[3] who has been determined. Results for S.0.E.C. and moduli
proposed a phase transformation from trigonal to mon- at ambient pressure are summarized in Tab 3 & 4.
oclinic system at 11.4 GPa no transition has been ob- For high-pressure measurement, two different setups

served. have been used. The "Low pressure acoustic measure-
_ ment setup” used up to 1 GPa is shown on Fig. 2. Pres-

Ultrasonic measurements sure was measured thanks to the variation of the resis-

Principle tivity of a manganin gauge. The sample holder main-

A piezoelectric crystal which belongs to the trigo-  tains the LiNbO3 transducer mounted on the crystal
nal (32) system possess six independent elastic con- providing direct echoes measurement from the sample.
stants and also two piezoelectric constants,(€;4). All is completely immersed in penthane, used as pres-
According to elasticity theory, the Christoffel equation

has been solved for several wave propagation direc-
Sample holder

tions in the crystal. Corresponding elastic moduli ex- place

pressions are resumed in the table 2. At least six dif- Hﬁ‘;{gjfj;“)ﬁ\ ‘ BNC connection —_/,
ferent measurement directions are needed to obtainthe !l : for sgmal eceiving ‘)?/
complete set of S.0.E.C. and two others for piezoelec- Gaskets" ‘ Gaskets /l

tric constants. Nevertheless, for a better determination  Cyluder hea“d . pme\"‘

of C;; and g;, all directions presented in the table 2 transducer

were investigated and results were fitted with an "in- % Pressure transmitting " LTG single crystal
verse Monte Carlo” method to obtain a unique set of B sample

constants. S.O.E.C. combinations are obtained as the

following relation : Figure 2: Low-pressure acoustic measurement setup

(0-1 GPa) (Vessel and sample holder)

Boron-epoxy gaskel

L2
Cij = pV?* = 4Pt7 1)

BN (thermal/
ins

wherep(kg/m?®) is the density , L(m) the sample length
and t(s) the round travel time.

Experimentally, ultrasonic measurements consist in
measuring the round travel time of a wave in a direc- Figure 3: High-pressure acoustic measurement gasket
tion of the single crystal sample by a pulse-echo su- (1-8 GPa) and wave path in the setup
perposition method [7] with a pulser/receiver system
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Table 2: The effective second-order elastic constanty ¢ELTG. Y'/+45° and Z/—45 " correspond to propagation
directions in the (100) plane at 45and -45 to the Y axis respectively. ;eande¢;; designate piezoelectric and
dielectric tensors. L and S stands for longitudinal and shear waves, QL, QS for the corresponding quasi-waves.

Exp. qla.9,9:] ulu,u,u.] Mode pV°

1 XJ[100] X L c11+21

2 X[100] (100) 32°/Z FS GeatCua 1 1, /(Cop — Cua)? + 4CF,
3 X[100] (100) 32°/Y SS GeatCia 1, /(Cos — Cua)? + 4CF,
4 Y[010] X S Gss +jﬁ

5 Y[010] (100) 5°/Y QL Gudln 4 1 /(Cyy — C11)2 + 4C%,
6 Y[010] (100) 5°/Z QS Gudln _ 1. /(Cyy — C11)2 + 4C%,
7 Z[001] yA L Cis

8  Z[001] (001) S Gy

9 Y/+45° X S CotCis 4 Cyy + prten)

10 Y/+45° (100) 10°/Y QL CutCi+2Ci—2Ciy 4 1 \/ (On=C—2C0) | (Cyy + Chz — Chy)?

11 Y'/+45° (100) 10°/Z QS CH+033+3044 2C1a _ 5\/ (C“C+QCM Cus + C13 — Cha)?
12 Y//_45° X S CGG+C44 C + (e(ll e14)

2(e11+€33
13 Y/-45°  (100) 4°/2 QL CntCui2Cu+2Cy 4 1 \/ (Cn=Cst2C0) | (Cyy + Ch + Chy)?

)
(
i
)
(
+(

14 Y'[-45° (100) 4°/Y QS CH+033+§C44+2CM - 5\/ (C“Cﬂ Cus + Ci3 + C1a)?

Table 3: Elastic piezoelectric and dielectric constants at ambient pressyie (&Pa, ¢; in C/m?)

Ref. C1 C12 C13 Ci14 C33 Ca4 Ce6 Bo Bg Bc er1 ey €11/€0 €33/€0
Thiswork 191.4(3) 115.4(5) 103.3(3) 13.1(1) 267.1(1) 51)0(88.0(1.5) 141.7 370 604 -0.6(0.1) -0.07(?) 19.6 76.5
Ref.[10] 188.9 108.1 100.8  13.9  264.4 51.2 404  137.7 355.8 610.1 -0.508 -0.028 19.6 76.5

Ref.[1] 190.9 107.9 73.9 13.7 263.2 51.2 41.5 1279 357.7 4485 -0.54 0.07(?) 18.5 60.9
Ref.[11] 202 120 125 13.3 288 49.7 40.7 1545 3772 854 -0.468 0.0632 19.3 80.3
LGS [1] 189.3 105 95.3 14.93 262.4 53.84 42.16 1349 3534 569.5 -0.431 -0.108 18.97 52

Table 4: Pressure derivatives of elastic and piezoelectric constants

JC11 0C12 0C13 0C74 0C33 0C 44 9Cs6 0Bg 0B, 0B. deqq
opP opP oP opP opP oP oP oP oP oP oP

+6.92(0.1) +4.39(0.5) +4.55(0.1) -0.05(0.01) +5.63(0.1) +0.5)(0.21.27 +5.25(0.1) +15.11(0.5) +15.11(0.5) -0.05(0.03)

sure transmitting medium so that the sample undergoes from C;; are in good agreement with X-rays experiment
a perfectly hydrostatic strain. The second setup de- results.

signed for high pressure (up to 8 GPa) investigations is Under pressure, the travel time measured in the sample
described on Fig. 3. The gasket is compressed with the shows a linear regression with pressure. The natural ve-
Paris-Edimbourg press and pressure is measured by X-locities plotted in fig. 4 & 5 are expressed as following:
rays diffraction on NaCl [5]. A transducer was mounted

on backside of the superior anvil, the travel time in the Wy = 2L(P =0) W = 2L(P =0) ()
sample being measured by superposition of the anvil t(P=0) t(P)

and the sample echoes (Fig. 3). Pressure derivatives of S.O.E.C. and of piezoelectric

constant ¢ _have been computed with the new not yet

Experimental results and discussion publish "self-consistent” method (Table 4). The pres-

The results obtained at ambient pressure (Table 3) sure derivative of the bulk and linear moduli have been

are in good agreement with previous publications ex- calculated with our results. All the pressure derivatives
cept forCy3 for which only values obtained by [10] is  of S.O.E.C. are positives except for the,C The first

close to our. Bulk modulus and linear moduli computed derivatives versus pressure for bulk and linear moduli
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disagree with those obtained by X-rays diffraction.

The mechanical stability of LTG crystal under pressure
can be evaluated with the Born criteria stability, B,

B3 [12]. In case of LTG, all pressure derivatives of these
criteria have been found positives. Thus, no ferroelastic
phase transition is expected.
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Figure 4. Relative Change in the natural wave
velocity induced by application of hydrostatic
pressure. (Labels as in the table 2).
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Figure 5: Relative Change in the natural wave
velocity induced by application of pseudo-hydrostatic

pressure (Labels as in the table 2). [10]

Conclusions

The equation of state of LTG has been determined [11
with X-rays diffraction technique up to 20 GPa. No
phase transition has been observed. Thanks to sev-[12]
eral ultrasonic measurements performed on LTG under
pressure, the complete elastic behavior is known. Ac-
cording to Born-criteria stability, no precursor of the
transition reported by Werner et al. have been observed.

]
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