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An experimental device for quasi-static measurements of piezoelectric moduli dijk, based on the possibil-

ities of precision variations in mechanical stresses with the device DMA 242 C in the frequency range

0-100 Hz has been developed. A special sample holder and a charge ampli�er are used in the measur-

ing scheme. The measurements of piezoelectric moduli values of trigonal piezoelectric single crystalls

La3Ga5SiO14 (P321) and YAl3(BO3)4 (R32), as well as hexagonal ZnO (P63mc) have been carried out.
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1. Introduction

A wide range of piezoelectric materials applications determines the development of physical

methods for the experimental determination of their piezoelectric properties [1-4]. The resonance

[1-2, 5], ultrasonic [2, 5] and quasi-static [6, 7] methods for determining piezoelectric constants,

along with measurements of direct [8] and inverse [9] piezoelectric e�ects in crystals are known.

Depending on thermodynamic boundary conditions and point symmetry of a material, each of

these methods has a set of ratios and cuts for the separate determination of piezoelectric con-

stants. In particular, for ultrasound measurements of piezoelectric moduli dijk of a number of

single crystals, such an analysis is carried out in [10, 11]. The complex of experimental tools and

calculated ratios determine the accuracy and future prospects of a selected method. The exist-

ing experimental methods are subjected to constant modi�cations and improvements due to the

continuous development of piezoelectric applications [12], as well as appearance of new materials,

for instance, multiferroics [13], and the necessity to study their magnetoelectric and other prop-

erties. The possibilities for applying precision device DMA 242 C to create periodic mechanical

stresses when determining piezoelectric moduli dijk by the quasi-static method are studied in

this paper. The measured values of the piezoelectric constants of trigonal and hexagonal crystals

are compared with the scienti�c literature data. The values of piezoelectric moduli of yttrium
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aluminum borate obtained by the authors with the application of the developed experimental

method are given.

2. Experimental quasi-static method

DMA 242 C device [14] provides a precise change in the applied dynamic load with a frequency

of 0-100 Hz to the sample in the range of 0-8 N with simultaneous possibility to control static

load in the same range. The direction of load application coincides with the vertical axis of the

device pusher.

Figure 1: Block diagram of the quasi-static method for measuring piezoelectric moduli. A variant of

measurement of the transverse to the direction of the pressure of electric polarization is presented. 1 -

DMA 242 C, 2 - personal computer, 3 - oscilloscope DPO 7104, 4 - charge ampli�er LE-41, 5 - power

supply, 6 - sample, 7 - sample holder, 8 - electrodes, 9 - dielectric holders, 10 - lubricant layer

The block diagram of the experimental method with the use of DMA 242 C for quasi-static

measurements of piezoelectric moduli is given in Figure 1. The test sample is placed in the

measuring chamber of the device between two dielectric holders. The lower one is installed on

the sample holder DMA 242 C 7, and the upper one is free, and the load from the device pusher

is applied to it. The uniform distribution of mechanical stresses in the sample is achieved by

applying lubricant between the sample and the holder. Electrodes for measuring the charge

are applied on the horizontal facets of the sample for measuring the longitudinal piezoelectric

e�ect and on the vertical ones for measuring transverse piezoelectric moduli. The electric surface

charges of the piezoelectric sample under load are converted by the charge ampli�er 4 to the

voltage recorded by the oscilloscope 3. The value of the measured piezoelectric modulus is

determined by the equation of state, and in this experimental diagram is determined according

to the ratio

diλ =
q

F
=

USe
KaFSl

(1)

where diλ is the measured piezoelectric modulus, q is the charge on the electrodes, F is the

dynamic force amplitude, U is the voltage amplitude at the output of the charge ampli�er, Sl is

the load application area, Se is the surface area of the electrodes, Ka is conversion factor of the

charge ampli�er.
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The accuracy of the device performance and the piezoelectric moduli measurement were

controlled by measuring piezoelectric constants under conditions of di�erent dynamic loads and

di�erent measuring frequencies. Figure 2 demonstrates linear dependence of the measured charge

on the magnitude of the dynamic load, and Figure 3 shows the constancy of the determined

voltage for di�erent measurement frequencies.

Figure 2: Dependence of the charge values on the sample facets on the dynamic load magnitude

Figure 3: Values of voltage U on the sample when measuring at di�erent frequencies

3. Calculated ratios for determining piezoelectric moduli

The implemented quasi-static method has been applied to determine the piezoelectric mod-

uli dijk of the well-studied single crystals of langasite La3Ga5SiO14 [12] and zincite ZnO [15],

as well as yttrium alumoborate YAl3(BO3)4 [16], which belongs to the rare-earth oxiborates

RMe3(BO3)4 (where R=Y, La-Lu; M=Fe, Al, Cr, Ga, Sc), but does not have a magnetic subsys-

tem. Due to the latter circumstance, yttrium alumoborate is a kind of standard of electroelastic

interaction for the whole family of oxiborates. However, there is no data on the piezoelectric

properties of this single crystal in scienti�c literature.
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Moduli d11 and d14 were determined for trigonal (point symmetry group 32) langasite and

yttrium alumoborate, and for hexagonal (6mm) zinc oxide - d33, d31. The geometry of the

samples required for the separate determination of these components is given in Figure 4.

Figure 4: Sample orientation for quasi-static measurements

In quasi-static measurements, the longitudinal piezo modulus d11 was determined by applying

mechanical compressive stress along axis X1 and registering a charge in the same direction (Fig.

4 (a, b)). To determine piezoelectric moduli d33 and d31, the mechanical compressive stress was

applied along X3, and the charge was recorded along axes X3 and X1, respectively (Fig. 4 (a)).

The piezo modulus d14 was found by determining the charge in the direction of axis X1 when

mechanical stresses were applied to facets R and R + 90 (Fig.4 (b)). In this case, from the rule

of the orthogonal tensor transformation [17, 18]

di′j′k′ = ai′laj′mak′ndlmn (2)

for crystals of the point symmetry group 32 for the direction R we �nd

dR12 = d14sinϕcosϕ− d11cos
2ϕ (3)

for the direction R+90

dR+90
12 = −d14sinϕcosϕ− d11cos

2ϕ (4)

The angle ϕ for langasit was 45 degrees, and for yttrium alumoborate 48.05 degrees. The

sign of the piezoelectric modulus was found by determining the direction of the electric induction

vector as related to the axes of the crystal-physical coordinate system, the selection rules of which

are described in [18].

4. Experimental results

The linear dimensions of the samples were about 5-6 mm, the accuracy of the facets' orien-

tation was not worse than ±3', the �atness of the opposite facets was 3 microns. The positive

direction of the axis X1 of the crystal-physical coordinate system for the crystals of symmetry

32 was chosen from acoustic measurements [12, 18], under condition that C14<0. The sign of

the piezoelectric constants was controlled by the direct measurement of the piezoelectric e�ect.

Mechanical compressive stress was considered negative. All measurements were carried out at

room temperature.
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Table 1: Piezoelectric moduli

Modulus
Experimental value
diλ, 10

−12 C/N
Literature values
diλ, 10

−12 C/N
References

ZnO

d31 -5,2±0,2

-5.12 [19]
-5.0 [20]
-5,2 [21]
-3,7 [22]

d33 11,7±0,2

12.3 [19]
12.4 [20]
10,6 [21]
8,0 [22]

La3Ga5SiO14

d11 -6.1±0,2

-6.16 [23]
6.25 [24]
6.20 [25]
6.1 [26]

d14 -5.4±0,3
5.36 [23]
-3.65 [24]
5.4 [26]

YAl3(BO3)4
d11 -6,0±0,3 - -
d14 -7,2±0,4 - -

The obtained values of piezoelectric moduli are summarized in the Table and compared with

the data of other authors for langasite and zinc oxide. According to the Table, the experimental

values of the determined piezoelectric moduli for zinc oxide and langasite correlate with the values

of the piezoelectric moduli obtained by other authors. This fact suggests the correct operation of

the device for quasi-static measurements of the piezoelectric moduli with the application of DMA

242 C and con�rms the accuracy of determining piezoelectric moduli of yttrium alumoborate.

5. Conclusion

The carried out research has demonstrated the possibility to apply DMA 242 C to control

dynamic loads on the crystal in the process of quasi-static measurements of single crystal piezo-

electric moduli. This application is based on the modi�cation of the measuring cell of the device

with the use of additional dielectric sample holders, as well as on the use of the standard charge

ampli�er in the measuring diagram. The accuracy and repeatability of the results are based on

the creation of uniform mechanical stresses in the sample. The obtained values of the piezoelec-

tric langasite and zincite moduli correspond to scienti�c literature data. The device developed on

the basis of DMA 242 C was applied to determine the piezoelectric moduli of yttrium aluminum

borate.

The reported study was funded by Russian Foundation for Basic Research, Government of

Krasnoyarsk Territory, Krasnoyarsk Regional Fund of Science, to the research project: Electrome-

chanical Properties and Anisotropy of Acoustic Wave Propagation in Yttrium Aluminoborates

Single Crystals.
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