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The rare-earth oxyborate crystal RCasO(BOs3)s (RCOB, R: rare-earth elements) is an inorganic photoelectric
multifunctional material, which has important applications in the field of high-temperature piezoelectricity.
In this work, a EuCasO(BOs3)s (EUCOB) crystal with a diameter of 25 mm was successfully grown by the
Bridgman method. The thermal conductivity, thermal diffusivity and specific heat of the EuCOB crystal at
high temperature were measured. The dielectric coefficient, electromechanical coupling coefficient, elastic
coefficient and piezoelectric coefficient of the EUCOB crystal at high temperature were measured by the
resonance-antiresonance method. In particular, the shear piezoelectric coefficient d,g of the EuCOB
crystal is 7.01 pC Nt at room temperature and 6.22 pC N* at 800 °C, with a small variation of 11.4%. The
electrical resistivities of the EUCOB crystal along the X, Y and Z directions at 800 °C are 5.8 x 10" Q cm, 3.1
x 107 Q cm and 2.9 x 107 Q cm, respectively. The large piezoelectric coefficient and high electrical
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1. Introduction

In recent years, high-temperature piezoelectric sensors have
attracted more and more attention. They play an important role
in aerospace, automobile manufacturing, energy and other
fields. For example, the vibration detection of key components
such as aircraft and automobile engines is carried out under a
high-temperature work environment that requires the accuracy
and stability of high-temperature piezoelectric sensors.'™
Therefore, high-temperature piezoelectric sensors usually
require a high resistivity, low dielectric loss, good temperature
stability of electromechanical performance, and high
piezoelectric coefficient.”” The core component is a high-
temperature piezoelectric crystal. Traditional high-temperature
piezoelectric crystals include quartz, lithium niobate, langasite-
type crystal, etc. Quartz has the advantages of a high electrical
resistivity and low-temperature coefficient. However, its low
electromechanical coefficient, low piezoelectric coefficient, high
loss above 350 °C, and o-f phase transition at about 573 °C
limit its application in a high-temperature piezoelectric field.**°
Lithium niobate has a high electromechanical coefficient, but
its resistivity is low. It is easy to be decomposed at high
temperature, and the work temperature is limited to 600 °C.*"*?
The langasite-type crystal is considered to be one of the
promising candidate crystals for high-temperature sensors.

School of Materials Science and Chemical Engineering, Ningbo University, Ningbo,
Zhejiang 315211, P. R. China. E-mail: zhengyanqging@nbu.edu.cn

146 | CrystEngComm, 2025, 27, 146-154

resistivity indicate the potential application of the EUCOB crystal in a high-temperature piezoelectric field.

There is no phase transition before its melting point (1320-
1470 °C)."*'* However, it has a relatively low resistivity and low
quality factor at high temperature.">*® High-temperature
crystals with high resistivity and high piezoelectric coefficients
are the goals pursued in the field of high-temperature
piezoelectricity. So far, most of these piezoelectric crystals have
their own limitations in practical high-temperature
applications, which cannot meet the demands of high-
temperature piezoelectric sensors. Therefore, there is an urgent
need to develop high-temperature piezoelectric crystals with
both high piezoelectric coefficient and high electrical resistivity.

New high-temperature piezoelectric crystals RCa,O(BO;);
(RCOB, R: rare-earth elements) have become one of the
important directions in the research and application of high-
temperature piezoelectric materials due to their excellent
thermal stability and piezoelectric properties.’*>® The RCOB
crystal belongs to the monoclinic system, m point group, and
C,, space group. RCOB crystals can be grown by replacing the
R*" ions that occupy the distorted R(1)-O octahedron, and
different RCOB crystals have different properties.>” In the
report, the RCOB crystal has extremely high electrical
resistivity, strong electromechanical performance, stable
electromechanical performance at high temperature, stable
chemical properties at high temperature, and no phase
transition before the melting point (1420-1510 °C).**" The
electrical resistivity of the RCOB crystal at high temperatures
(10°-10° Q cm) is 1-2 orders of magnitude higher than that
of the CTGS crystal, and the effective piezoelectric coefficient
(7.6-16.5 pC N') is more than three times higher than that

This journal is © The Royal Society of Chemistry 2025
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of the quartz crystal, showing the application advantages of
high-temperature piezoelectric sensors.*””” Among all the
feasible RCOB crystals, the EuCOB crystal has not been fully
studied, including its dielectric constant, elastic constant,
piezoelectric constant, electrical resistivity and temperature
dependence.

Therefore, this work attempts to design, grow and
characterize a EuCOB crystal. A EuCOB single crystal with a
diameter of 25 mm was successfully grown by the Bridgman
method. The piezoelectric coefficient, dielectric coefficient,
elastic coefficient and electrical resistivity of the EuCOB
crystal at high temperature were reported for the first time,
and its thermal properties were characterized and analyzed
for exploring its potential in high-temperature piezoelectric
applications.

2. Experimental section
2.1 Polycrystalline synthesis

Pure phase EuCOB polycrystalline powders were synthesized
by a high-temperature solid-phase method. The chemical
reaction equation is as follows:

Eu,0; + 8CaCO; + 6H3;BO; = 2EuCa,O(BO;); + 8CO, 1
+ 9H,Ot

High purity Eu,0; (4N), CaCO; (4N) and H3;BO; (4N) were
stoichiometrically weighed. In addition, excessive boric acid
(3%) was added to avoid the influence of volatility on the
crystal quality. The powders were compressed under a
pressure of 300 MPa into a cylindrical block with a diameter
of 60 mm and sintered at 1100 °C for 10 hours. After the first
sintering, the product was smashed, ground into powders,
remixed, and then pressed into a cylindrical block with a
diameter of 60 mm. Finally, the cylindrical block was sintered
again at 1200 °C for 20 hours to obtain the EuCOB
polycrystalline material.

2.2 Crystal growth

Single crystal growth was carried out by the Bridgman
method. Compared with the Czochralski method, the
Bridgman method has a simpler growth process, lower cost,
and is more suitable for growing high-quality crystals. The
crucible was a platinum crucible with a diameter of 25 mm
and a length of 390 mm, and the seed crystal was placed at
the bottom. The crystallographic b-direction SmCOB crystal
with a diameter of 7 mm and a length of 35 mm was used as
a seed crystal because the melting point of SmCOB is close to
that of EuCOB (1480 °C). The furnace temperature was
controlled at 1580 °C. The decrease rate of the crucible for
single crystal growth is 0.333 mm h™". After crystal growth,
the temperature was reduced to room temperature at a
cooling rate of 25 °C h™". The platinum crucible was peeled
off to obtain the EuCOB single crystal.
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2.3 Characterization techniques

The phase structure of the EuCOB crystal was analyzed with a
Bruker D8 diffractometer with Cu Ko radiation (4 = 1.54056
A) at a high voltage of 40 kV and a current of 40 mA. The
scanning step was set to 0.02°, and the scanning range was
set from 10° to 70°. The (201) and (060) planes were
measured by using an X-ray directional instrument (YX-2H8A
embedded X-ray crystal orientator) to determine the
crystallographic a-axis, b-axis and c-axis of the EuCOB crystal.
According to the IEEE piezoelectric standard, different sizes
of crystal samples were prepared, including square plates
and rectangular plates. The length:width:thickness of the
square plates is 10:10:1, and the length : width : thickness of
the rectangular plates is (10-20):(2-3):(0.8-1). In addition,
the surface of the crystal sample was coated with platinum by
the spraying method for subsequent tests. The rocking curve
of the (060) plane of EuCOB crystals was measured using a
two-dimensional  detector ~ X-ray diffractometer (D8
DISCOVER, BRUKER, Germany). The thermal conductivity,
thermal diffusivity and specific heat of the X, Y and Z planes
of the EuCOB crystal were measured with a laser thermal
conductivity meter (LFA457, NETZSCH, Germany). The
sample size for the thermal performance measurement is 10
x 10 x 1 mm®. The resonance and anti-resonance frequencies
of the length extension vibration and shear vibration of the
samples were measured using a LCR tester (IM-3536). The
capacitance and dielectric loss of the samples were measured
with a LCR tester (IM-3536). The electrical resistivity of the X,
Y and Z planes of the EuCOB crystal was measured and
calculated by using a super megohmmeter (HIOKI SM7110).

3. Results and discussion
3.1 Crystal quality

Fig. 1a shows the photograph of the as-grown EuCOB crystal.
The whole crystal is pale pink and transparent. No inclusion
and cracking can be seen in the crystal. The pink
polycrystalline area near the tail of the EuCOB crystal is due
to the incomplete growth, while the gray-black segregation

Fig. 1 Photographs of (a) the as-grown EuCOB crystal and (b) the
piezoelectric test samples.
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Fig. 2 (a) Powder XRD patterns of the EuCOB crystal and the (b) rocking curve of the (060) plane of the EuUCOB crystal.

layer at the tail is due to impurity removal from the molten
EuCOB. The phase structure of the pink polycrystalline was
tested and analyzed by XRD, which was consistent with that
of the EuCOB crystal. Fig. 1b shows the piezoelectric test
samples obtained after crystal orientation, cutting and
polishing, and their sizes are 10 x 10 x 1 mm?®, 10 x 2 x 1
mm® and 20 x 3 x 1 mm®, respectively.

3.2 Crystal structure

The EuCOB transparent single crystal was ground into
powders for XRD measurement, as shown in Fig. 2a. The
diffraction peak of the EuCOB crystal is strong, indicating
the high crystallinity. Compared with the YCOB standard
card (PDF#50-0403), the peak position is basically the same,
indicating that EuCOB has the same lattice structure as
YCOB, belonging to the monoclinic system, m point group
and C,, space group. In order to further characterize the
crystal quality of the crystal, the rocking curve of the (060)
plane of the EuCOB crystal was plotted, as shown in Fig. 2b.
The diffraction peak is well symmetrical, and the half-peak
width (FWHM) of the rocking curve is 26". The result is close
to the previous report, suggesting the excellent crystal
quality.*® The cell parameters of EuCOB and YCOB crystals
are shown in Table 1. The results show that the lattice
parameters of the EuCOB crystal are similar to those of
EuCOB and YCOB crystals reported previously.

3.3 Thermal properties

Thermal performance plays an important role in high-
temperature piezoelectric applications, which is related to the
stability of working in a high-temperature environment.

Table 1 Lattice parameters of EUCOB and YCOB crystals

Therefore, the thermal conductivity, thermal diffusivity and
specific heat of the EuCOB crystal were measured on the X, Y
and Z planes, as shown in Fig. 3. Fig. 3a shows the thermal
conductivity of the EuCOB crystal from room temperature to
800 °C, which decreases first and then increases with the
increase of temperature. At 800 °C, the thermal conductivity of
the Z plane of the EuCOB crystal is the largest, reaching 2.605
W m™ K, while the thermal conductivities of the X and Y
planes are 2.433 W m™* K™ and 2.556 W m ™" K, respectively.
At room temperature, the thermal conductivities of the X, Y and
Z planes of the EuCOB crystal are 1.798 W m ™ K*, .9 W m ™"
K™ and 2.458 W m™ K, respectively, which are similar to
those of YCOB.” Fig. 3b shows the thermal diffusivity of the
EuCOB crystal from room temperature to 800 ©°C, which
decreases first and then increases with the increase of
temperature. The thermal diffusivities of the X, Y and Z planes
were 0.815 mm? s ', 0.789 mm?” s ', and 1.054 mm?* s * at room
temperature, respectively, while changing to 0.589 mm?* s™,
0.595 mm? s ', and 0.661 mm?* s at 800 °C, respectively. At the
same temperature, the thermal conductivity and thermal
diffusivity of the EuCOB crystal in different directions are
different, which is related to the crystal anisotropy.*"*>

Fig. 3c shows the specific heat of the EuCOB crystal from
room temperature to 800 °C, which increases with the increase
of temperature. From room temperature to 800 °C, the specific
heat of the EuCOB crystal on the X, Y and Z planes gradually
increases from 0.597 J ¢ K'*, 0.652 ] ¢ ' K'', and 0.632 ] g*
K'to 1119 J g* K, 1.163 J ¢ K, and 1.068 J g K,
respectively. The comparison of the EuCOB crystal with other
high-temperature piezoelectric crystals is shown in Table 2. It
can be seen that the thermal conductivity and thermal
diffusivity of the EuCOB crystal are higher than those of the

al/A b/A c/A al® Ble y/° Volume/A? Ref.
EuCOB 8.0985 16.0332 3.5640 90.00 101.28 90.00 453.84000 This work
EuCOB 8.0966 16.0309 3.5670 90.00 101.29 90.00 454.02702 38
YCOB 8.0737 16.0088 3.5283 90.00 101.17 90.00 448.72000 39
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Fig. 3 (a) Thermal conductivity, (b) thermal diffusion and (c) specific heat of the EUCOB crystal as a function of temperature.
Table 2 Thermal properties of high-temperature piezoelectric crystals
Crystal Thermal conductivity (W m™ K™) Thermal diffusivity (mm* s™) Specific heat (J g™ K) Ref.
EuCOB 1.789-2.458 (298 K) 0.789-1.054 (298 K) 0.597-0.652 (298 K) This work
YCOB 1.72-2.17 (373 K) 0.90 (293 K) 0.73 (373 K) 40, 43
CTGS 1.818-2.361 (300 K) 0.699-0.931 (300 K) 0.553-0.566 (300 K) 44

other two crystals. Higher thermal conductivity and thermal
diffusivity can make the temperature to be uniformly
distributed and prevent local overheating. The specific heat of
the EuCOB crystal is higher than that of the CTGS crystal and
smaller than that of the YCOB crystal. The greater the specific
heat, the smaller the temperature change when absorbing the
same heat. Meanwhile, the small thermal anisotropy of the
EuCOB crystal ensures its thermal stability in high-temperature
piezoelectric applications.

3.4 Dielectric, piezoelectric and elastic constant
characterization

The dielectric constants &4, &, and &;3 of the EuCOB crystal
can be determined by measuring the capacitance of the X, Y
and Z square plates (10 x 10 x 1 mm®) and calculating using
eqn (1). The electromechanical coupling coefficient, elastic
coefficient and piezoelectric coefficient of the EuCOB crystal
can be obtained by the resonance-antiresonance method.*®
Among them, the electromechanical coupling coefficients &,

This journal is © The Royal Society of Chemistry 2025

and ki3, elastic coefficients s,, and sz; and piezoelectric
coefficients d,, and d;3 can be derived from eqns (2)-(4) by
measuring the resonance and antiresonance frequency of the
effect  length-extensional  vibration.  The
electromechanical coupling coefficients k,, and ks, elastic
coefficients s, and ses and piezoelectric coefficients d,, and
d,e can be derived from eqns (4)-(6) by measuring the
resonance and anti-resonance frequency of the longitudinal
effect face-shear vibration.

transverse

Cr1o33t

81T14,22‘33/50 = %;33 (1)
2
k - mfa Cm(f&) 2)
1-k 2 fr Zfa
1
E

= 3
4l f? 2
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Fig. 4 (a) The relative dielectric permittivity and (b) dielectric loss of the EUCOB crystal as a function of temperature.
d = k(es)"* (4)  increases with increasing temperature, and increases
significantly after 500 °C, which is related to the excitation of a
, nf, nfo—fr large number of electrons at high temperature. Due to heat
k= 2f, tan 2 f, (5) promotion, a large number of electrons are excited at higher
temperatures, which reduces the electrical resistivity and
1 ©) significantly increases the dielectric loss.*> At 800 °C, the

T awrf2p(1-1)

where C is the capacitance, ¢ is the thickness, A4 is the square
plate area, &, is the vacuum dielectric constant, f. is the
resonant frequency, f, is the anti-resonant frequency, p is the
density, [ is the length, and w is the width.>®

Fig. 4 shows the variation of the relative dielectric
permittivity and dielectric loss of the EuCOB crystal from room
temperature to 800 °C at 100 kHz. The relative dielectric
permittivities ]1/c,, £a3/co and e33/e, increase with the increase
of temperature, from 9.91, 12.3 and 8.16 at room temperature
to 11.36, 14.24 and 11.64 at 800 °C, respectively. The ¢};/g, has
the highest variation rate of 42.6%, while the variation rates of
el1/eo and el,/e, are 14.6% and 15.8%, respectively. The dielectric
losses tand,4, tand,, and tand;; of the EuCOB crystal are less
than 0.1% at room temperature, indicating a high crystal quality
and few defects. As shown in Fig. 4b, the dielectric loss

1074 ( a) EuCOB-ZX(Y-side)
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3
=
<
2 10%1
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=, ——200°C
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Fig. 5
the EuCOB crystal as a function of temperature.
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Variation rate of f,

dielectric loss tand,, is 6%, which is significantly lower than the
20.8% of tand;; and the 16.8% of tands;;. The relatively low
dielectric loss of the EuCOB crystal can improve its efficiency
and stability in high-temperature piezoelectric applications.

The resonance frequency and anti-resonance frequency of
different EuCOB samples were measured, including the d;, and
dy; of the transverse effect length-extensional vibration and the
d,, and d,s of the longitudinal effect face-shear vibration.
Fig. 5a shows the variation of the impedance modulus of the
longitudinal effect face-shear vibration mode (dy) of the EuCOB
crystal as a function of temperature. From room temperature to
800 °C, the resonance peaks are observed in the frequency
range of 540 to 590 kHz. The resonance peak moves to a lower
frequency as the temperature increases. The variation of the
resonance frequency of different EuCOB crystal cuts with
increasing temperature is shown in Fig. 5b. In the temperature
range from room temperature to 800 °C, the resonant frequency

EuCOB

0:02 (b) —i— XY —A— XZ(Y-side)

—0—XZ —O— ZX(Y-side)
0.00 -
-0.02 -

S,
-0.04 - A
e
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(a) The impedance modulus of the longitudinal effect face-shear vibration mode (d,g) and (b) the variation of the resonance frequency of
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Fig. 6 (a) The elastic compliance and (b) variation rate of the s,-,E- of the EuCOB crystal as a function of temperature.

of each crystal cut decreases with the increase of temperature,
showing a linear relationship. The change of the resonant
frequency of the XZ crystal cut is the largest.

The corresponding elastic compliances $,,, $33, S44 and See
were calculated according to eqns (3) and (6), and the
dependence with temperature is shown in Fig. 6. The elastic
compliances s, S33, S44 and s increase with the increase of
temperature, with the variation rates of 11.2%, 13.7%, 3.8%
and 10.3%, respectively. Based on the measured resonant

and anti-resonant frequencies, according to the calculation
equation it can be concluded that the increasing of the
elastic coefficient is related to the fact that the resonant and
anti-resonant frequency transferred to the lower frequency as
the temperature increases.

The electromechanical coupling coefficient k; and
piezoelectric coefficient d;; of the EuCOB crystal are calculated
using eqns (2), (4) and (5), based on the determined resonant
frequency and anti-resonant frequency, elastic coefficient and
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Fig. 7 (a) The electromechanical coupling coefficient, (b) variation rate

EuCOB crystal as a function of temperature.

This journal is © The Royal Society of Chemistry 2025

0 100 200 300 400 500 600 700 800
Temperature (°C)

of kj, (c) piezoelectric coefficient and (d) variation rate of the dj of the

CrystEngComm, 2025, 27, 146-154 | 151


https://doi.org/10.1039/d4ce00876f

Published on 03 2024. Downloaded on 2025/5/17 08:49:38.

Paper

dielectric coefficient. Fig. 7 shows the variation of the
electromechanical coupling coefficient k; and piezoelectric
coefficient d; with increasing temperature. Different
electromechanical coupling coefficients exhibited different
trends, where the k;3 increases with increasing temperature,
while the k5, k,, and ks show the decreasing trend over the
measured temperature range. The variation rate of k;; is
calculated to be 33.3% from room temperature to 800 °C, which
is the largest, while the variation rates of ki,, k4 and ks are
20.0%, 19.2% and -21.6%, respectively. It can be observed that
the trend of the electromechanical coupling coefficient k; and
piezoelectric coefficient d; with increasing temperature is
similar. The d,; increases from 3.96 pC N* at room
temperature to 6.02 pC N™' at 800 °C, showing a large variation
rate of 52.1%, while the d;, and d,, decrease slightly with the
increase of temperature, showing small variation rates of 9.7%
and 11.4%, respectively. For the shear piezoelectric coefficient
d,e of the EuCOB crystal, it decreases slightly with the increase
of temperature, from 7.02 pC N' at room temperature to 6.22
pC N" at 800 °C, with a variation rate of only 11.4%, showing
the advantage of high-temperature piezoelectric application.

3.5 Electrical resistivity

Electrical resistivity is an important parameter that determines
whether the piezoelectric crystal can be applied at high
temperature. The electrical resistivities of the EuCOB crystal
along the X, Y and Z directions were measured from 400 °C to
800 °C at a voltage of 100 V, as shown in Fig. 8. It can be found
that the electrical resistivity of the EuCOB crystal follows the
Arrhenius formula from 400 °C to 800 °C. The activation energy
E, was calculated using the Arrhenius formula;:**

p = poex p(kET> 7)

where p is the electrical resistivity, p, is the ultimate resistivity at
an infinite temperature, E, is the activation energy, Ky is the

Temperature (°C)

800 700 600 500 400
;1] ¥ EuCOBX
EuCOB-Y
4 EuCOB-Z
10

Lg(p) (2 cm)
b

09 1.0 11 12 13 14 15
1000/T (K™)

Fig. 8 Electrical resistivity of the EuCOB crystal as a function of
temperature.
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Boltzmann constant, and T is the absolute temperature. The
calculated activation energies E, of the EuCOB crystal along the
X, Yand Z directions are 1.02 eV, 1.13 €V and 1.06 eV, which are
slightly lower than the activation energy E, of the CTGS crystal
(1.20 eV).*® The electrical resistivity of the EuCOB crystal
decreases with the increase of temperature, and the electrical
resistivities of the three directions are different, which reflects
the anisotropy of the electrical resistivity of the EuCOB crystal.
The test results show that the electrical resistivity of the EuCOB
crystal measured in the X direction is higher than that in the Y
and Z directions. The electrical resistivity in the X direction is
5.8 x 107 Q c¢m at 800 °C, which is one order of magnitude
higher than that of CTGS (10°~10” Q cm at 800 °C), showing the
potential for high-temperature piezoelectric applications.*®

The electrical resistivity is affected by microscopic crystal
defects and band gaps.*” At relatively low temperatures
(generally <600 °C), the conductivity of the EuCOB crystal is
dominated by the migration of oxygen vacancies, which are
crystal defects (hole-electron pairs) and introduce extra
energy levels in the band gap, as shown in Fig. 9a and b. As
the temperature increases, the concentration of vacancies
increases, leading to a decrease in the electrical resistivity
and an increase in the conductivity of the EuCOB crystal.
When the temperature reaches a certain value (generally
>600 °C), the electrons will jump from the valence band to
the conduction band and play a dominant role, as shown in
Fig. 9c, which explains the significant increase in the
dielectric loss, as shown in Fig. 4b.**> Therefore, at relatively

Conduction band

(a) (b) + + + +

—— Extra energy level % %
(3 w

Valence band

Conduction band
(©) D g, 2 or
¢ ¢ % o
QQVO va

v

Energy

& clectron

O hole

O oxygen vacancy

Valence band

Fig. 9 The conduction mechanism model of the EuCOB crystal: (a)
the defect energy level between the conduction band and valence
band, (b) oxygen vacancy migration, (c) electronic migration between
the conduction band and valence band, and (d) electron-hole and
oxygen vacancy migration.
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low temperatures, the electrical resistivity of the EuCOB
crystal is mainly affected by oxygen vacancy defects (hole-
electron pairs), whereas at relatively high temperatures, both
the oxygen vacancies and the band gap of the EuCOB crystal
affect the electrical resistivity, as shown in Fig. 9d.

4. Conclusions

A EuCOB single crystal with a diameter of 25 mm was
successfully grown by the Bridgman method. The measured half
peak width of the rocking curve is 26" for the (060) plane of the
EuCOB crystal, indicating good crystal quality. The thermal
conductivity, thermal diffusivity and specific heat of the EuCOB
crystal along the Y direction are 1.9 W m™ K, 0.789 mm?® s
and 0.652 J g K" at room temperature, and 2.546 W m™* K,
0.593 mm? s and 1.161 ] g™ K™* at 800 °C, respectively. In the
range of room temperature to 800 °C, the dielectric coefficient,
elastic coefficient and piezoelectric coefficient of the EuCOB
crystal have good temperature stability. In particular, the shear
piezoelectric coefficient d, of the EuCOB crystal is 7.01 pC N
at room temperature, and 6.22 pC N™* at 800 °C, maintaining
high piezoelectric properties at high temperature. The electrical
resistivities of the EuCOB crystal along the X, Y and Z directions
at 800 °C are 5.8 x 10" Q cm, 3.1 x 10’ Q cm and 2.9 x 10’ Q
cm, respectively, which are one order of magnitude higher than
those of the CTGS crystal, reflecting the potential of high-
temperature piezoelectric applications. Finally, the conduction
mechanism model of the EuCOB crystal is presented, which
explains the relationship between the electrical resistivity,
crystal defects and band gap of the EuCOB crystal with
temperature.
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