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This paper is devoted to the measurement results of piezoelectric, dielectric
and elastic tensor components in the temperature range between 20 °C
and 400 °C. It was revealed that excitation resonance and antiresonance
signals were possible without preliminary sample polarizing. Besides, the
sound velocities measured along the main axes by echo-pulse method at
room temperature are presented.
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Bismuth tellurite (BTO) single crystals are of piezoelectric material but their
electromechanical properties have not been practically studied. In [1] there are some
data concerning these properties in BTO. The coupling factor k5 = 0.274 at room
temperature presented in the work [2] is prospective enough to be used as the main
elements of electromechanical transducers. This fact suggested us to continue study-
ing these properties of BisTeOs. This paper presents the results of investigating the
piezoelectric, dielectric and elastic properties of bismuth tellurite single crystals be-
tween 20 °C and 400 °C (besides the sound velocity vector components which were
measured at room temperature). BisTeOs is a polar single crystal belonging to the
Abm?2 space group. It possesses the orthorhombic symmetry and the fluorite-type
structure with the unit-cell parameters a = 11.602 A, b = 16.461 A, ¢ = 5.523 A
[5].

Single crystals of BTO were grown using the Czochralski method. The melt was
prepared from ultra high purity BisO3 and TeO, at the ratio 47 and 53 mole %
respectively just like in the work [4]. The crystal boules were cut along the main
crystallographic axes in the form of plates and bars for corresponding coefficients.
The cuts in the form of bars were executed in “a’-plane at the angles of 30° and
45° to “b”-axis. The sizes of the plates and bars were selected so as to excite the
necessary vibrations. The plates were used to obtain di5 and dsy piezoelectric co-
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Figure 1. The temperature dependence of BTO dielectric permittivity.

efficient while the other coefficients were obtained on the bars. The sample faces
were covered by means of vacuum evaporation of platinum electrodes. For carry-
ing out the sound velocity measurements the crystal boules were cut upon the six
plane-parallel specimens so as the work space between the faces was not less than
3 mm. All specimens (three of them were cut along the crystallographic axes and
three “45°”-cuts to them) after lapping and polishing were used in the experiment.

Measurements of piezoelectric and elastic constants were performed using the
resonance-antiresonance techniques in accordance with I.R.E. Standards without
preliminary sample polarizing. For a more accurate resonance (f,.) and antiresonance
(f,) frequency selection, the sound velocity vector components (v;;) (i, j = 1, 2,
3) in the single crystal samples were measured using the echo-pulse method at
room temperature. Here i is the propagation direction and j is the polarization
direction. Measurements of dielectric permittivity were performed using Q-meter
at a frequency 100 kHz for all the necessary cuts (X, Y and Z). In figure 1 the
temperature dependence of dielectric constants is presented. For all eg; components,
a weak increase with the temperature rise is observed. As can be seen, a large
dielectric permittivity anisotropy is present in the bismuth tellurite.

The elastic and piezoelectric coefficients of bismuth tellurite single crystals in
the temperature range of 20400 °C are presented in figure 2. At the temperature
increasing the S, SE SF and SE components linearly increase. The temperature
coefficients of these constants are TSE = 4.81073, TSE = 3.31073, TSF, = 8.81073
and TSE = 7.9107%. It can be noticed that the values of elastic constants obtained
on the “a” and “b” plates as well as their temperature coefficients are larger than
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Figure 2. The elastic and piezoelectric constant of bismuth tellurite over the
temperature range of 20-400°C.
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Figure 3. The temperature dependence of BTO electromechanical coupling fac-

tors.
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those measured on the bars. The SE value is the largest and S%, is the smallest of
all the elastic constants measured and SZ; is the smallest among all longitudinal
elastic constants. This component is connected with the polar axis of BTO. Piezo-
electric strain coefficients in BTO at the temperature growth linearly increase. The
behaviour of all of them is distinguishable. Strong enhancing of d4 is noticed. The
temperature dependencies of electromechanical coupling factors are demonstrated
in figure 3. These values steadily change at heating.

In the table 1 all the data obtained for BTO samples in this work are allocated.
It should be noted that the sound velocity data correlate well with the elastic data
presented in the paper [3].

Table 1. Electromechanical properties of BTO at room temperature.

Parameters Values
Vij, M/ v11 = 3109 & 5; vgy = 3264 + 1; v33 = 3488 + 2;
v12 = 1910 + 3; v13 = 1790 + 2; v93 = 2106 + 2
e;fg- (100 kHz) el, = 16; el, = 48; e, = 34
S5 10712, m?/N | S} = 20; 8§, = 15; S = 14; S§} = 24; S, = 29; Sf; = 4
ki, % kis = 25; koy = 6; kg1 = 8; kg = 7; kg3 = 11
dij 10_12, C/N d15 = 17, d24 = 7; d31 = 6; d32 = 5; d33 = 9

The constant of ds3 is the largest coefficient among the other coefficients obtained
in the bars. That one corresponds to the polar axis of BiyTeOj single crystal.

The results obtained in this work showed that the material researched has good
prospects for a practical use in the field of gcousto-optics and acuosto-electronics.
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M’e30eneKTpuU4Hi B1acTUBOCTi MOHOKpucTaniB Bi,TeO;

A.M.AHTOHEHKO, K.B.lomopaubkui, A.10.KyasiH,
J1.4.CapoBcbka

JHinponeTpoBCbKN AepXyHIBEPCUTET, Qi3NdHUN dakynsTeT
49625 JHinponeTpoBcbk, Npos. HaykoBuit, 13

OtpumaHo 12 xoBTHA 1998 p., B OCTAaTO4HOMY BUMMAAI —
15 >xoBTHa 1999 p.

Y pob6oTi HaBeaeHi pe3ynbTaTt BUMiIpoBaHb KOMIMOHEHT N’ €30eN1eKTpuy-
HUX, OieNEeKTPUYHUX Ta NPYXHUX TEH30PIB y Aiana3oHi Temnepatyp 20—
400 °C. BusiBneHo, o 36y0KeHHS CUrHaniB pe30HaHCy Ta aHTMPE30HaH-
cy MmoxnmBe 6e3 nonepeaHboi nonspu3aadii 3paska. JlyHa-iMnynbCHUM
METOA0M OTPMMAHO 3HAYEHHS LWBUAKOCTI 3BYKY B340BX FOSIOBHUX KPU-
cTanorpadiyHMx ocen Npu KiMHATHIN TeMnepaTypi.

Kno4oBi cnoBa: r1’e30e1ekTpunyHi, AieIEKTPUYHI, NPYXHI cTat,
LUBUAKICTb 3BYKY

PACS: 77.84

725



726



