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The pyroelectric property of Pb, Lag,TiO, ceramics in a range of 1.3-4.1 pm, fabricated by conventional solid sin-
tering, was investigated as a function of poling field. The pyroelectric coefficient of the 4.1 pm of Pb, La,,TiO,
ceramics is higher than that of the 1.3 um and 1.7 um of Pb,La, Ti0, ceramics at a low poling field and the
pyroelectric coefficient is 25 nC/em?K at a 4 kV/mm poling field in every grain size. In order to explain this phe-
nomenon, the intrinsic and extrinsic effects in view of the definition of the pyroelectric coefficient are introduced.
The intringic and extrinsic effects on the pyroelectric property were investigated by measuring the tetragonal
ratio and the T, with temperature with high temperature X-ray diffractometer. The change of spontaneous
polarization and the 90° domain wall motion with temperature in the 1.3 um and 4.2 pm of PbyLa, TiO, ceram-
ics have no effects on the pyroelectric coefficient. In our study, it can be seen that the pyroelectric coefficient is
related to the quantity of 180° domain switching after poling treatment.
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L Introduction

bTiO, is a perovskite ferroelectric ceramic which has

high pyroelectric property at room temperature. Espe-
cially, La-modified PbTiO, ceramics has the good sinterabil-
ity while pure PbTiO, does not. It also shows high
pyroelectric property at room temperature and has a appli-
cation of infrared detectors.™

In polycrystalline ferroelectric ceramics, poling process is
necessary to induce pyroelectric property. Poling property is
affected by many variables such as poling time, field and
grain size. Recently, numerous study on the relationship
between among the poling property and the electrical prop-
erty(piezoelectric and dielectric constant) has been report-
ed.” For example, the piezoelectric constant and the cou-
pling factor have been explained by the concept of N*(%)
which means the quantity of 90° domain reorientation dur-
ing poling.*” However, the relationship between poling field
and pyroelectric property has not been investigated. Also it
has not been known what has an major effect on pyroelec-
tric property.

In the literature,” the ferroelectric property can be
divided into the intrinsic and extrinsic effect. The material
properties from a single domain material are denoted as the
intrinsic properties, while the contributions from the other
parts of the material, mainly from domain walls(90°- and
180°- domain wall), are denoted as extrinsic properties.

In this study, the pyroelectric property of Pb,gLa, TiO,
ceramics with different grain size, fabricated by conven-
tional solid sintering, was investigated as a function of pol-
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ing field. In order to explain the pyroelectric property, the
intrinsic and extrinsic effects in view of the definition of the
pyroelectric coefficient were introduced. The intrinsic and
extringic effects on the pyroelectric property were investi-
gated by measuring the tetragonal ratio and the I, with
temperature using high temperature X-ray diffractometer.

II. Experimental Procedure

Pb, oLa,  TiO, ceramics were prepared by a conventional
solid sintering technique. PbO, La,0, and TiQ, (Aldrich
chemiacal Co.) raw powders, of which the purity was
greater than 99.9%, were mixed in acefone with Zirconia
balls for a day. After drying, the mixtures were calcined at
900"C for 3 h. The calcined powders were ground with 1
wt% polyviny! alcohol used as a binder in a ball mill for a
day and dried on a hot plate. Samples were pressed into a
11mm disk and were then sintered at 1240°C on a Pt plate
covered with an alumina crucible containing a powdered
atmosphere consisting of PbZrO,. The density of sintered
specimens was above 95% of the theoretical value, Samples
were then polished to 500 um and annealed at 900°C for 3
hr to remove surface damage. Silver was electroded on both
surfaces of disk samples, and baked at 630°C for 30 min,
Specimens were subsequently poled in a silicone oil bath at
80°C for 5 min under a dc field of 1-6 ¥V/mm. The poled
specimens had a aging time for a day before measuring
pyroelectric current or high temperature XRD.

The microstructure of samples was characterized by scan-
ning electron microscopy (SEM). The 0.5 h, 3 h, and 20 hr
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sintered samples have 1.3 um, 1.7 um and 4.1 um of average
grain size, respectively. The average grain size was mea-
sured by linear intercept method.?

The pyroelectric current was measured with a pA meter
(Keithly Model 486) to determine the pyroelectric coeffi-
cient. A high temperature X-ray diffractometer was used for
observing I, and tetrogonal ratio(c/a). 1, is expressed as
Tooo/(Tygstlago) here. (L, Integrated intensity of (002) peak,
I,y Integrated intensity of (200) peak). The diffraction
peaks of the (002) and (200) planes were measured at 0.5%
min in the range 44.5° 47.5° Also amounts of 900 domain
switching during poling treatment were calculated with
Mendiolas equation by XRD measurement before and after
poling treatment.'®

IT1. Results and Discussion

1. Poling field dependence of the pyroelectric coeffi-
cient with different grain size

Fig. 1 shows the effect of the poling field on the pyroelec-
tric coefficient at room temperature with different grain
size, when the poling field was varied in a range of 1 to 6 kV/
mm. Fig. 1 is considered to exhibit the bulk properties of
PLT ceramics. The 1.3 and 1.7 um samples have a similar
tendency. The pyroelectric coefficients of 1.3 and 1.7 pm
samples increase in a range of 1 to 4 kV/mm and are satu-
rated above 4 kV/mm. This tendency has been reported
numerously in the piezoelectric constant as a function of
poling field. In the 4.1 um sample, the pyroelectric coeffi-
cient is higher than that of the 1.3 um and 1.7 um samples
at a low poling field and the saturation begins over 4 kV/
mm. At 4 kV/mm of poling treatment, the pyroelectric coeffi-
cient is 25 nC/em?K in every grain size.

After 1 kV/mm of poling treatment, the pyroelectric coeffi-
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Fig. 1. Variation of pyroelectric coefficient at the room tem-
perature of Pby La, TiO, ceramics as a function of poling
field.
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cients of the 1.3 um and 4.1 um samples are 0.7 nCl/em*K
and 11.3 nC/em’K, respectively. This means that there is a
different mechanism in the 1.3 um and 4.1 um samples at a
low poling field. The pyroelectric coefficient is defined as the
polarization change with temperature. The pyroelectric
property in ferroelectrics is divided into the intrinsic and
extrinsic effect.” Further polarization change with tempera-
ture is divided alike. The intrinsic effect on the pyroelectric
property is considered as the spontaneous polarization
change with temperature. The spontaneous polarization
change with temperature is related to the tetragonal ratio
change with temperature directly.'” And the extrinsic effect
on pyroelectric property is considered as the domain wall
motion(90°- and 180°-domain wall motion), which causes the
decrease of polarization with temperature. Next we have
information of the tetragonal ratio and the 90° domain wall
motion with temperature. These were measured for the 1.3
um and 4.1 um samples which have different tendency in
Fig. 1.

2. Tetragonal ratio(c/a) and I, (1y,/(Ly,.1],0,)) with
temperature in PLT ceramics after 1 RV/mm of poling
treatment

Fig. 2 shows the diffraction patterns with the tempera-
ture for 1 kV/mm poled PLT ceramics. It is observed
through (002) and (200) of peak position that the length of c-
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Fig. 2. The change of X-ray diffraction patterns with temper-
ature for 1 kV/mm poled specimens. (a) 1.31 um and (b) 4.12
um of PbygLa, TiO; ceramics.
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Fig. 3. Tetrogonal ratio as a function of temperature of 1 kV/
mm poled Pby La,,TiO,.

axis decreases rapidly compared to the increase of the
length of a-axis. The tetragonal ratio and the relative inte-
grated intensity(I ;) are acquired by this diagram with
temperature.

Fig. 3 shows the temperature dependence of the tetrago-
nal ratio of the 1.3 pm and 4.1 um samples after 1 kKV/mm of
poling treatment. At a given temperature, 4.1 um sample
has higher value of the tetragonal ratio than that of 1.3 um
sample. This reason for the difference of tetragonal ratio is
uncleax. But the difference of tetragonal ratio between the
1.3 um and 4.1 um samples is very small. This result has
been reported in the literature,'® The gradient on the tet-
ragonal ratio with temperature of the 1.3 um and 4.1 pm
samples is almost same. It is predicted that the spontane-
ous polarization(P ) change with temperature of the 1.3 pm
and 4.1 um samples is same. (dP/dT(1.3 um)=dP /dT(4.1
{m))

It can not be explained that, through the spontaneous
polarization change with temperature, the pyroelectric coef-
ficient is higher in the 4.1 um specimen than in the 1.3 pm
specimen after 1 kV/mm of poling treatment. Thus the spon-
taneous polarization change with temperature has no effect
on the pyroelectric property. It has been reported that the
piezoelectric effect of a ferroelectric ceramic comes mainly
from extrinsic contributions at a relatively low to driving
level. 1?

Fig. 4 shows the temperature dependence of L, of the 1.3
um and 4.1 um specimens after 1 kV/mm of poling treat-
ment. Before poling, I, at room temperature is 33%-35%.
The quantity of 90° domain reorientation is very small after
poling treatment. Quantitatively of N°(%) calculated by
Mendiolas equation is 4-6% of 90° domain reorientation
after poling treatment.'® Gradients of I, with temperature
in the 1.3 um and 4.1 um of samples are zero in a range of
25°C to 160°C. This point is easily observed through
unchanging each peaks area in Fig. 2.
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Fig. 4. Typolyos/Toost1ane)) as a function of temperature of 1
kV/mm poled PbygLa,,TiO,.

The effects of 90° and 180° domain walls motion on the
pyroelectric property during the temperature change are
named as (dPg,/dT) and (dP,,/dT) for convenience. If 90°
domain wall motion causes the polarization decrease when
the temperature increases, Iy, has to décrease. However,
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Fig. 5. The change of X-ray diffraction patterns with temper-
ature for 4 kV/mm poled specimens. (a) 1.31 pm and (b) 4.12
um of Pbygla, Ti0; ceramics.
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Fig. 6. The change of X-ray diffraction patterns with temper-
ature for 4 kV/mm poled specimens. (a) 1.31 um and (b) 4.12
pm of Pby La,,TiO; ceramics.

Fig. 4 shows that (dP,/dT) is zero because (dI,,/dT)=0. This
means that the pyroelectric property after 1 kV/mm of pol-
ing field is not affected by the 90° domain wall motion with
the temperature.

3. Tetragonal ratio(c/a) and I,,,(1y,/(Ly.H50,)) with
temperature in PLT ceramics after 4 kV/mm of poling
treatment

Fig. 5 shows the diffraction patterns with the temperature
for 4 kV/mm poled PLT ceramics. It can be also seen like
Fig. 2 that the length of ¢c-axis decreases rapidly compared
to the increase of the length of a-axis. Only the.quantity of
90° domain reorientation in the 4.1 pm specimen seems to
increase a little. Fig. 6 shows the temperature dependence

065
060 - A faN
e N
0585 |-
;S 050 |- A 41um
= o 1.3 pm
S ol
_8
0.40
........ DUDUEDUD
035 |-
030 1 i 1 1 1
50 100 150
Temperature("C)

Fig. 7. Tppaooo/TopstLye)) as a function of temperature of 4
kV/mm poled Pb,La,;TiO;.
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of tetragonal ratio of the 1.3 um and 4.1 pm samples after 4
kV/mm of poling treatment. Tetragonal ratio and the
change of tetragonal ratio with temperature is shown simi-
larly as Fig. 3. As mentioned above, this means that the
spontaneous polarization change with the temperature has
no effects on the pyroelectric property after 4 kV/mm of pol-
ing treatment.

Fig. 7 shows the temperature dependence of Iy, of the 1.3
um and 4.1 um samples after 4 kV/mm of poling treatment.
Similarly as Fig. 4, Gradients of [, with temperature of the
1.3 um and 4.1 pm of samples are zero in a range of 25°C to
160°C. After 4 kV/mm poling treatment, 90° domain wall
motion with temperature (dP,,/dT) has no effects on the
pyroelectric property similarly as 1 kV/mm of poling treat-
ment, because (d1,,/dT)=0. N*(%) of the 1.3 pm and 4.1 um
samples are 9% and 17.2% respectively, The values of
N¥(%) of 4 k¥V/mm poled samples are higher in compared to
those of 1 kV/mm poled samples. However, the pyroelectric
coefficients of 4 kV/mm poled samples are 25 nC/em’K
regardless of grain size. Thus the pyroelectric coefficient is
not affected by the quantity of 90° domain reorienta-
tion(N*(%)) after poling treatment.

IV. Discussion

The pyroelectric coefficient in the polycrystalline ferro-
electric ceramics is defined as the change in remanent
polarization(P,) with temperature by one degree.”” It means
that (dP/dT) is related to (dP/dT), (dP,,/dT), and (dP,.,/dT).
However, polarization means the quantity of electric charge
per unit surface area.'® Thus, when the value of polariza-
tion is larger, more electrons move into the pyroelectric cur-
rent during the temperature change. This means that the
value of polarization has an effect on the pyroelectric coeffi-
cient. The value of the remanent polarization with poling
field increases before saturation. If the value of remanent
polarization is related to the pyroelectric coefficient, the
pyroelectric coefficient with poling field has to increase
before saturation. This is verified easily through Fig. 1. So
the value of the remanent polarization has an effect on the
pyroelectric coefficient.

It is considered that the remanent polarization means the
quantity of 90° domain reorientation and 180° domain
switching during poling treatment. We are able to integrate
Py Piggr dP/AT), (dP,/dT), and (dP,,/dT) contributing on
pyroelectric property. (Pg,, Py, the quantity of 90° and
180° domain switching during poling treatment, respec-
tively) We have to summarize the above results in Table 1,
Table 2 for understanding easily.

In Table 1, it is observed easily that the pyroelectric coeffi-
clent is not contributed mainly by (dP/dT), P,,, and (dPgy/
dT). Major effect on the pyroelectric property is considered
to be related with 180" domain. Effects of 180° domain were
to divide into P, and (dP ¢/dT). If (dP,4,/dT) is related as a
major factor on the pyroelectric property, the pyroelectric
coefficient of the 4.1 um sample should have higher value
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Table 1. Characteristics of the Pb, gLa, ,Ti0, Ceramics after 1 kV/mm of Poling Treatment
. (dPs/dT) (Pyy) (dPgy/dT)
Grain size P Tetragonal ratio - - —
(pyroelectric coefficient) (c/a) Gradient of (¢/a) NP(%) (xrac‘llent of Lo
with temp. with temp.
1.3 um 0.7 nClem®*K 1.028 7.6 °Ct 4.24(%) 0
4.1 pm 11.3 nClem®K 1.031 7.3 °C! 5.81(%) 0
Table 2. Characteristics of the PbLa, ,TiO; Ceramics after 4 kV/mm of Poling Treatment
. ( dPs/dT ) ( Py ) (dP,y/dT )
Grain size P Tetragonal ratio - -
¢ (pyroelectric coefficient) (c/a) Gradient of (¢/a) N(%) Gradient of Ioy,
with temp. ’ with temp.
1.3 pm 25 nClera®K 1.028 7.2 °C™ 9.08(%) 0
4.1 um 25 nClem*K 1.031 7.4 °C? 17.27(%) 0

than that of 1.3 wm sample after 4 kV/mm of poling treat-
ment in a similar as samples after 1 kV/mm of poling treat-
ment. However, the pyroelectric coefficient in the 1.3 um
and 4.1 pm samples is 25 nC/em”K in Table 2. Thus P,y has
an important role on the pyroelectric property. It is thought
that 180° domain switching occurs more eagily in the 4.1 un
specimen than in the 1.3 um specimen after 1 kV/mm of pol-
ing treatment and occurs completely in both samples after 4
kV/mm of poling treatment.

V. Conclusion

The pyroelectric coefficient at xroom temperature of the 4.1
um of Pb, gLa, ,TiO, ceramics is higher than that of the 1.3
pum and 1.7 pm of Pb,gla, TiO, ceramics at a low poling
field and the pyroelectric coefficient is 25 nClem’K at a 4
kV/mm poling field in every grain size. In order to explain
this phenomenon, the intrinsic and extrinsic effects in view
of the definition of the pyroelectric coefficient are intro-
duced. The change of spontaneous polarization and the 90°
domain wall motion with temperature in the 1.3 pm and 4.2
um of Pb, La, TiO, ceramics have no effects on the pyro-
electric coefficient. In our study, it can be seen that the pyro-
electric coefficient is related to the quantity of 180° domain
switching after poling treatment.
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