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YUTHAPONG SRATTA : EFFECT OF TEMPERATURE ON
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TITANATE. THESIS ADVISOR : ASST. PROF. BOONRUANG MARUNGSRI,

D.ENG., 142 PP.

FERROELECTRIC PROPERTIES/ BISMUTH FERRITE-BARIUM TITANATE/

TEMPERATURE

In this thesis, the effect of temperature on ferroelectric properties of bismuth
ferrite-barium titanate (BF-BT) ceramic has been studied. The custom-built
ferroelectric testing machine was use to measure the ferroelectric properties at high
temperature. The ferroelectric properties of BF-BT ceramic was investigated under an
electric field at various temperatures from room temperature to 200°C. The electric
field (sine wave) of 52 kV/cm at 50 Hz was applied to the ceramic sample. The effect
of temperature on these properties was represented as the change of polarization
hysteresis loop, butterfly loop and dielectric properties with different temperatures. It
was found that the permittivity and dielectric loss to the sample increased with
increasing temperature. Free charge and mobile ions within BF-BT ceramic had
sufficient energy leading to easily move at high temperature. Moreover, it was found

that polarization and strain increased with an increase of temperature.
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JCPDS file no. 075-2118 : BaTiO3-Barium titanate
| I
= JCPDS file no. 086-1518 : Bi( FeO3)-Bismuth ferrate
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JCPDS file no. 075-2118 : BaTiO3-Barium titanate

JCPDS file no. 086-1518 : Bi( FeO3)-Bismuth ferrate
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The effect of temperature on ferroelectric properties of the 1 mel% Mn-doped 0.75BF -
0.25BT ceramic was investigated under an electric field at various temperatures (—20
10 200°C). An electric field (sine wave) of 52 kViem at 50 Hz was applied to the sample.
The effect of temperature was represented as the changed of polarization hysteresis
loop and dielectric properties with various temperatures. The results show that the
polarization hysteresis loops increase with increasing temperature because of greater
domain switchability at higher temperature. Dielectric loss and dielectric constant
increase with increase temperature and tend to decrease with increasing frequency. The
samples break down at higher temperature due to the strong leakage current density,
which may be caused by an increase in the activity of the free carries.

Keywords  Ferroelectric; magnetoelectric: dielectric: 1 mol% Mn-doped 0.75BF-
0.25BT

1. Introduction

Bismuth ferrite (BiFeOs) is of interest for memory storage applications such as hard disk
drives (HDD) because it possesses magnetoelectric properties. A ferroelectric Curie temper-
ature (T¢) of BiFeOs is 830°C and an antiferromagnetic neel temperature (Ty) is 370°C [1].
The drawback of this material is its poor electric property. Moreover, it is difficult to prepare
the pure single phase BiFeOs. To improve the electrical performance of BiFeOs, the BaTiOs
(BT) was added into BiFeOj;. Such dopant enhances the electric properties and stabilizes
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Figure 1. Experimental set up for measuring P-E hysteresis loop at various temperatures. (Color
figure available online.)

the perovskite structure [2—4]. Recently, Sujittra e al. have prepared (1-x)BiFeO3-xBaTiO3
ceramics and reported that the BiFeO3 ceramics with 25 mol% BT exhibits the highest value
of ferroelectric properties [5]. In addition, Sujittra ef al. reported that the electrical prop-
erties of 0.75BF-0.25BT ceramics can be improved by Cu and Mn doping [6]. Cu doped
BF-BT ceramics show high magnetic properties and low ferroelectric properties while the
great ferroelectric properties and poor magnetic properties were found in Mn doped ceram-
ics. When considering the magnetoelectric property, Mn-doped ceramics provide a greater
magnetoelectric property than that of Cu-doped ceramics. If such magnetoelectric materials
are applied for HDD read head application, ferroelectric and magnetoelectric properties of
the material have to be considered because the performance of reading process depends on
the effect of transferring magnetic signal to electric signal [7-9]. Furthermore, it is known
that ferroelectric and magnetoelectric properties can be affected by the change of operating
temperature. During the reading process, read heads normally fly above a media disk about
a few nanometers which causes traction between head and media. This could generate heat
on the head and media in range of 40-60°C. For some applications, HDDs may be tested
under some extreme conditions. For instance, HDDs may be tested in the temperature
range of —50 to 150°C. The performance of magnetoelectric devices may reduce if they
are operated in such extreme condition. Therefore, the aim of this work is to study affects
of temperature on ferroelectric property of Mn-doped 0.75BF-0.25BT ceramic.

2. Experimental

1 mol% Mn-doped 0.75BF-0.25BT ceramics were prepared by the solid-state reaction
method. The reagent powders were mixed by a conventional ball-milling method for 30 min
in ethanol. The mixtures were dried and then calcined at 900°C for 5 h with heating/cooling
rate of 5°C/min. The calcined powders were ground and uniaxial pressed into pellets,
using polyvinyl alcohol as a binder. The pellets were then sintered at 1025°C for 2 h
with heating/cooling rate of 5°C/min [6]. Temperature dependence of dielectric constant
and loss were measured at various frequencies 1, 2, 5, 10, 20, 50 and 100 kHz, using a
high-precision LCR meter (Instek, LCR-821). Experimental set up is presented in Fig. 1.
Dielectric loss and dielectric constant were measured at temperature range of —20 to
200°C with an increment of 10°C by using a heater/refrigerator (Thermo scientific, RTE
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Figure 2. P-E hysteresis loop of 1 mol% Mn-doped 0.75BF-0.25BT ceramic at various temperatures.

740). Polarization-electric field (P-E) hysteresis loop at different temperature range of —20
to 200°C was examined by using a Sawyer-Tower circuit. An electric field of 52 kV/cm at
50 Hz was applied to the sample by using a function generator (MCP lab electronics, MPF
2010) and high voltage amplifier (Trek, model 20/20C). The output signals were processed
by using PC oscilloscope (Pico, PicoScope 2205).

3. Results and Discussion

The P-E hysteresis loops of 1 mol% Mn-doped 0.75BiFe03_0.25BaTiO3 ceramics mea-
sured at electric field of 52 kV/em with frequency of 50 Hz are presented in Fig. 2.
Unsaturated P-E hysteresis loop was found at —20°C and —10°C. Remanent polarization
(Pr) increased with increasing temperature. During —20 to 40°C, the P; slightly increased
while during 50 to 80°C P-E hysteresis loop became well saturated. This is because of the
greater domain switchability at higher temperature. During 90° to 110°C, ceramic exhibits
great saturated hysteresis loop. The highest remanent polarization (37 #C/cm?) was found
at 110°C. At temperatures above 110°C, the hysteresis loop was deformed and the sample
electrically broke down eventually. This may be due to the degradation of Fe* to Fet
species on crystallographic sites of BiFeO3 ceramics which results in oxygen vacancies for
charge compensation when temperature increases [ 1]. Temperature dependence of the rem-
nant polarization (P;) and coercive field (E) are presented in Fig. 3. This result shows that
the Py increases with increasing temperature. However, the Ec of the ceramics decreases
when temperature increases. The phenomenon is different from the behavior of normal
ferroelectrics such as BaTiOs, since the ferroelectric polarization of normal ferroelectrics
decrease with increasing temperature. The increase of P; with increasing temperature could
be attributed to Fe, which is transition metal at higher temperature. At high temperature, Fe
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releases electron which results in an increase of P.. However, the P-E hysteresis loops illus-
trates the leaky behavior above 110 °C, which may be caused by the increase of electrical
conductivity. Finally, this leads to electrical breakdown.

Figure 4 shows the dielectric loss of | mol% Mn-doped 0.75BF-0.25BT with various
temperatures. The lowest dielectric loss of 0.0261 was observed at temperature —20°C and
frequency 100 kHz while the highest value of 0.5914 was found at 200°C, 1 kHz. For the
temperature range of —20 to 60 °C, dielectric loss at low frequencies increases sharply
while at high frequencies, it slightly increases when temperature increases. Moreover,
the dielectric loss decreased with increasing frequency. This result is consistent with the
previous works [10-12]. Higher dielectric loss at low frequency (1 kHz) could be a result
of free space charge. A decrease of the dielectric properties with increasing frequency
could be caused by the decrease of domain/polarization switchability under the applied
clectric field. Consequently, this leads to the decrease of dielectric loss at higher frequency.
It is also found that the dielectric loss increases with increasing temperature which is
consistent with the previous works [10-12]. The dielectric loss preserves the low value in
the temperature range of —20 to 60°C, and exhibits good temperature stability. However,
dielectric loss increased sharply at temperature above 60°C, indicating an obvious increase
in DC conductivity at high temperature. Temperature dependences of dielectric constant at
various frequencies and temperatures for 1 mol% Mn-doped 0.75BF-0.25BT ceramics are
shown in Fig. 5. The lowest value of dielectric constant is 171.73 at —20°C (100 kHz) while
the greatest value of that is 8363.90 at 200°C (1 kHz). However, the dielectric constant
enhanced with increasing temperature which is overall in agreement with the other works
[10-12].
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70.005 & 10kHz
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- ] -8 50kHz
[ = -
8 i {1 ¢ 100kHz
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Figure 5. Temperature dependence of dielectric constant on temperature for 1 mol% Mn-doped
0.75BF-0.25BT ceramics. (Color figure available online.)
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4. Conclusion

The effect of temperature on ferroelectric and dielectric properties of 1 mol% Mn-doped
BF-BT ceramics was investigated with increasing temperature from —20 to 200°C. P-E
hysteresis loops and Pr values increases with increasing temperature because of greater
domain switchability and less coercive field at higher temperature. The sample breaks
down at higher temperature due to the strong leakage current density, which may be caused
by an increase in the activity of the free carries. Dielectric loss and dielectric constant
increase with increasing temperature and tend to decrease with increasing frequency.
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