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1. Calculation formula and process of electro-elastic constants.

The dielectric constants can be obtained by the measured capacitance values
according to the following formulas with square plate samples k, 1, and j, and
circumgyrate sample g:
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where C is the capacitance, t is the thickness, A is the area of the measured sample, and

&o 1s the vacuum dielectric constant.
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+ ZSlssin396059 + 533cos46 + 2533sin900539#(10)
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S44(XYDA5° = 0.55,, + 5,6 + 0.55,5#(14)

d1‘3(XYW)9 = dllsinzecose - d3lsin39 + d13cos39
+ d33sin900529 + dlssinecosze - d355in260056#(15)
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Elastic compliance constants s1; and s33 and piezoelectric constants d;; and ds;3
were calculated using equations (3)-(5) based on samples a and b. When the electric
field was applied along the thickness direction of samples c-f, piezoelectric constants
di3, dya, dip, and ds; and elastic compliance constants s33, 57, and s1; were obtained by
equation (5), (8), and (9). Samples c-f were also used to calculate the piezoelectric
constants dss, dis, da4, and dy¢ and the elastic constants sss, s44, and se¢ by equations (4)-
(7), where the electric field was applied along the length direction of the samples. Using
the sample g-i and combining equations (8) and (9), the elastic compliance constants
S13, S15, and s3s are obtained. Similarly, elastic compliance constants s,3, 512, and ss
were obtained in the same way based on samples m-o and equations (8) and (11)-(13).
Elastic compliance constant s4 was calculated based on the equations (4), (5), (7), and
(14), according to the measurement of the thickness-shear vibration mode of sample p
with an electric field applied along the length direction. Samples g and i were also used
to verify the sign and value of piezoelectric strain constant d;5 according to equation

(15). Stiffness coefficients c;j can be obtained using equation (16).



Table S1. The crystal cuts and vibration modes for the determination of electro-elastic constants of

TPO crystal.

Sample Modes Constants

X square plate

Y square plate T T T _.T
- €11, €22 €33 %13
Z square plate > T T

(XZw)45° bar
X rod longitudinal length extensional di
Z rod vibration mode dx;
ZX bar
T . s11, d31
XY bar longitudinal length extensional
. . s, d 12, ds)
ZY bar vibration mode
533, di3
XZ bar
XZ bar transverse length extensional S44, daa
XZ bar vibration mod Se6, o
XZ bar . . .
thickness shear vibration mod sss. dys. das
ZX bar o
(XZw)45° bar

longitudinal length extensional
(XZw)30° bar 813, 8155 535

(XZw)-30° b vibration mode
w)- ar

(XY1)45° bar oo .
longitudinal length extensional
(ZX1)45° bar S12, 823, 825

(ZX0w)A5°/-45° b vibration mode
- ar
(XY1)45° bar thickness shear vibration mod S46




