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Characterization of High Temperature Resistivity and Full
Matrix Material Coefficient of LGT Crystals
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Abstract: Wireless passive devices based on surface acoustic wave (SAW) technology are the firstly selected sensors
in extreme conditions, and high temperature stability of piezoelectric substrates is the key factor limiting the
performance of SAW devices. Langatate (LGT) crystal is an ideal high temperature piezoelectric substrate for
SAW devices due to high resistivity and stability. The high temperature resistivity of pure LGT and aluminum-
doped langatate (LGAT) crystals in oxygen, nitrogen and argon atmosphere were characterized, and the high

temperature full matrix material coefficient of pure LGT crystal was characterized by ultrasonic resonance
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spectroscopy (RUS) technology. The results show that conductive behavior of LGT crystal under high temperature

were significantly varied when tested in different atmospheres. The pure LGT crystal in nitrogen has the highest

resistivity in the temperature range of 400-525 °C, and in argon has highest resistivity between 525 C and

700 °C, with resistivity up to 2.05x10° Q-cm at 700 ‘C. However, LGAT crystal in nitrogen has the highest

resistivity in the whole test temperature range, with a resistivity of 1.12x10° Q-cm at 700 °C, compared to pure

LGT crystal. The elastic and piezoelectric properties of LGT crystal are very stable from room temperature to

400 C according to RUS analysis results. As the temperature rises, the elastic coefficient decreases slightly, while

the piezoelectric coefficient d,, is remained almost unchanged. In conclusion, LGT crystal has very high resistivity

and stability at high temperature so that it is suitable to be used as piezoelectric substrate for fabricating high

temperature piezoelectric devices, shedding light on the design and fabrication of LGT-based high temperature

piezoelectric devices.

K ey wor ds: langatate; high temperature resistivity; encapsulation atmosphere; high temperature material coefficient
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Fig. 1 Pictures of LGT and LGAT crystals
(a) Pure LGT crystal; (b) LGAT crystal
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Fig. 2 High temperature resistivities of LGT and LGAT crystals in different atmospheres
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Tablel Activation energy of LGT and LGAT crystal in
different atmospheres

Atmosphere T/C E(LGT)/eV E,(LGAT)/eV
400-500 1.14
Oxygen 0.99
525—-650 1.05
. 400-550 1.0 0.95
Nitrogen
550-700 1.36 1.26
Argon 400-700 0.84 0.91

Note: T is the test temperature and E, is the activation energy of the
crystal
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b, e, HE BRI IHE, d, R A A
By FFE BRI R AL, g, JE AR 8, ¢
RS VERIRE R, D AR BRI R AL S A
R RINRS, sD ATFE I RIN RS, BT
HEBNREER, 5 ARENFEER. hE 4
2 5 A1, LGT Sk /2 5 v Ao, B
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Table2 Clamping dielectric constant of LGT crystal

7/C &g, e/ &
20 18.6 75.9
400 19.8 59.7

Note: 7 is the test temperature, 8151 and 8353 are the clamping

permittivity, ¢  is the absolute permittivity
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Fig. 3 Ultrasonic resonance spectra of LGT crystal at 20 and
400 C
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Table3 Inversionresultsof LGT crystal elasticity and piezoelectric coefficient

77°C Elastic coefficient/(x10'°, N-m™?) Piezoelectric coefficient/(C-m™>)
E E E E
ai ar 3 33 Ci e ey
20 18.586 10.524 9.785 1.353 26.003 5.093 —0.439 0.123
400 18.346 10314 9.694 1.256 25.340 5.056 —0.429 0.209

. E E E E E E . . . . .
Note: T is temperature, €y, Cjp, €13, Cla, Gz and Cyy are elastic coefficients, ¢, and ¢, are piezoelectric coefficients
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FHIETEE, S R BRI o 18.586
TRER] 18.346), [ RE d) BIAEE /N, FELE
i, FOMIERMER e 4 WA, HUE MR
ZARELLECKR, T H LA B E 8 AR B AR HE DL XS
e 4 AT HER E AL o

WAL 4 L s hEMRSE R, &E5HRT

At Abaqus iH5 7 LGT fi&7E 20 #1 400 'C T
FR 38 R B (7% 100 A4N), I 5l & 45 k47 Xt T,
g L 4 Fros (B 4 H 2B 400 C AR
WIRARIN ). BT LLE N, BEd RMA
BE G 3 A 1 U1 B34 30 10 3 R A R R = E R
—8, “HEMENT 0.73%, FUWEML R LA

FEM.

F4 20 CTLGT BRELEREMRRE
Table4 Full matrix material coefficient of LGT crystal at 20 'C

¢ /(x10", N-m™?)

E E E E
ai 573 a3 Ca G Cy
18.586 10.524 9.785 1.353 26.003 5.093

¢ /(x10", N-m™?)

D D D D D
ai a2 a3 Qa &3 Cy
18.703 10.406 9.785 1.320 26.003 5.102

s /(<1072 m? N

sp /(<1072 m* N

E E E E E D D D D D
Si Si2 513 S14 533 44 Si S2 513 S14 533 34]31
9.108 -4.509 -1.731 -3.617 5.148 21.56 8.866 -4.268 -1.731 -3.397 5.148 21.36
€; /(C-m™) dj/(x10"2, N
e €14 dy dyy
-0.439 0.123 -6.43 5.83
& /(<107, v, N By (<105, Vo)
&1 814 hyy hyy
-3.903 3.543 -26.67 7.482
& (20) & (e0) B (<10 /eg) B (<10 /ey
T T T T S S
éi &3 ‘(’isl %33 Bu B B B3y
19.3 75.9 18.6 75.9 518 132 538 132

Note: ¢ cF el cf,,c5,ck, are the short circuit elastic stiffness coefficient, P ¢ 2, cp, ¢, cP, are the open circuit elastic stiffness coefficient,
sELsE,sE sk, sE are the short circuit elastic compliance coefficient, sD,sD,sh,sD, 5D, are the open circuit elastic compliance coefficient, e,,

and ¢, are the piezoelectric stress coefficient, 4,

and ¢, are the piezoelectric strain coefficient, g, and g, are the piezoelectric voltage

constant, s, and h, are the piezoelectric stiffness constant, .7 and [ are the free dielectric coefficient, .5 and .5, are the clamping
dielectric coefficient, p$ and g5, are the clamping dielectric isolation rate, g!,and gl are free medium isolation rates

®5 400 CT LGT R&EEEBEMEIRE
Table5 Full matrix material coefficient of LGT crystal at 400 C

¢ /(x10"°, N-m™?)

E E E E E E
qai ar a3 Ca &3 Cy

18.346  10.314 9.694 1.256 25340  5.056

¢ /(x10"°, N-m™?)

D D D D D
qai Y a3 Gy G 043

18.451 10.209 9.694 1.205 25.340 5.081

55 /(<1072 m* N

s; /(<1072 m* N

E E E E E D D D D D
S11 S12 513 S14 533 354 S1 Si2 513 S14 533 SE
9.103 -4.396 -1.801 -3.353 5.324 21.44 8.873 —4.165 -1.801 -3.092 5.324 21.15
€; /(C-m™) d; /(107" C-N)
ey €4 d diy
-0.429 0.209 -6.48 7.34
g /(x107, v, N B 1(x10%, V-m™)
g1 814 hi hig
-3.699 4.190 -24.45 11.89
& (o) & (s0) B (10 /g0) B (<10
T T T T S S
& & 5ﬁ 5553 1 Bss i By
20.6 59.7 19.8 59.7 485 168 505 168

Note: the same as the note in Table 4
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Fig. 4 Measured and calculated resonant frequencies at 20
and 400 C
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RN, S5RRWE: NEIRT] 400 C, SR
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T HAR RS
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