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Abstract

We studied the effect of repeated bipolar pulses applied to soft and hard lead zirconate titanate (PZT) ceramics on ferroelectric
properties. Almost symmetrical P-E hysteresis loops were observed in the case of soft PZT ceramics. On the other hand, the loops in
the case of hard PZT ceramics were asymmetrical and shifted to the positive electric field. It was found that a space charge field was
generated while applying pulse and the direction of the field was fixed independently of the pulse cycles. The possibility of bipolar
pulse poling was investigated. Furthermore, we discuss the effect of pulses on planar coupling factor when the pulses were applied
to poled soft and hard PZT ceramics. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The degradation of lead zirconate titanate (PZT) thin
films due to domain switching and rotation needs to be
reduced for their application to ferroelectric random access
memory (FRAM). Through the processes employed to
develop the materials for FRAM, the evaluation and
control of domain structures were recognized to be sig-
nificant. Domain switching and rotation in PZT cera-
mics can be caused by either mechanical stress and
electric field or both, because the ceramics possess fer-
roelastic and ferroelectric properties.! Since an electric
field affects the dielectric and piezoelectric properties of
PZT ceramics by switching and rotating domains, we
had reported on the poling field dependence of ferro-
electric properties in PZT ceramics.> ¢ Subsequent to
this, we investigated the bipolar pulse cycle and pulse
voltage dependences of ferroelectric properties in soft
and hard PZT ceramics.

2. Experimental
The soft PZT ceramics were composed of 0.05Pb(Sn;
Sb;2)O3—y PbTiO3—zPbZrO;  (y+2z=0.95), where
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z=0.33,0.45, 0.48, 0.66 and 0.75, respectively. The hard
PZT ceramics modified from the soft PZT ceramics with
an addition of 0.4 wt.% MnO,’ were investigated in
comparison with the soft ceramics. The powders were
uniaxially pressed at a pressure of 150 MPa, and fired at
1240°C for 2 h. The sample disks post firing were 14 mm
in diameter and 1 mm thick. Responses to repeated vol-
tage pulses up to V= 44.0 kV applied to the ceramic disks
were measured at 80°C by a high voltage test system
(Radiant: RT6000HVS). The bipolar pulse with the peri-
ods (7) of 800 msec and 12 s as shown in Fig. 1 was
applied up to 10 times. The P-E hysteresis and planar
coupling factor (k,), dielectric constant (¢,) and frequency
constant (fcp) were investigated each time the pulse was
applied.

3. Results and discussion
3.1. P-E hysteresis

Fig. 2 @ shows P-E hysteresis loops of soft (dotted
lines) and hard (solid lines) PZT ceramics at the com-
position of z=0.48, when the bipolar pulse (Fig. 1) with
T=2800 ms was applied to an as-fired sample (virgin
ceramics) on the condition of the pulse field of E= £3.0
kV mm~! and 80°C. The P-E loops start at P=0 pC
cm~2 and finish at a minus remanent polarization of -Pr.
Increasing the pulse cycles from ) to (0, the loops show
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Fig. 1. Bipolar pulse to measured P-E hysteresis in PZT ceramics.
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asymmetry, especially in the case of hard PZT ceramics.
Furthermore, the loops were shifted to the positive
electric field.

3.2. Space charge field

Since the asymmetrical P-E hysteresis means the fact
that an internal electric field is generated in the cera-
mics, the ceramics have the possibility of poling by the
bipolar pulses. Therefore, it was thought that space
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charge to stabilize the orientation polarization causes
the ceramics the internal field. The direction of the space
charge field was estimated by the shifted direction of P-
E loops. Fig. 3 shows the schematic pictures to clarify
the relationships between the pulse application, orien-
tation polarization, space charge field and P-E hyster-
esis. From the asymmetry of P-E hysteresis loops of ()
and @ in Fig. 2, the space charge field was generated
while applying the first bipolar triangular pulse. Further
applying bipolar pulse, the shifted direction was fixed as
shown in Fig. 2 @—{0. These results indicated that after
orienting the polarization by the first positive triangular
pulse, 180°C domain switching mainly occurred in the
ceramics by the repeated bipolar pulses.

3.3. Bipolar pulse poling

The possibility of bipolar pulse poling was studied.
The comparison between bipolar pulse poling (open
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Fig. 2. P-E hysteresis loops measured by bipolar pulse up to 10 times ((1)—(@0) in soft (- - ) and hard (—) PZT ceramics (z=0.48).
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Fig. 3. Generation of space charge field by applying bipolar pulses.
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Fig. 4. Comparison of ferroelectric properties in (a) soft and (b) hard
PZT ceramics between pulse poling (O) and DC poling (@).

circles) and ordinary DC poling (closed circles) is shown
in the case of soft PZT ceramics [Fig. 4(a)] and hard
PZT ceramics [Fig. 4(b)] at various compositions of z.
The ky, e and fcp were measured after 10 times bipolar
pulse (E==43.0 kV mm~!, T=800 ms) applying, and
after DC poling on the condition of 80°C, 3.0 kV mm™!
and 30 min. The k, in soft PZT ceramics by bipolar pulse
poling reached to the k, obtained by ordinary DC poling
except for the k, in the tetragonal composition of
z=0.33. The k, in whole hard PZT composition, how-
ever, was less than a half of the k, obtained by DC pol-
ing. We believe the difference in the poling effect is due to
the difficulty of 90° domain rotation in tetragonal phase
and 71 or 109° domain rotation in rhombohedral phase.

3.4. Bipolar pulse applied to poled ceramics

The bipolar pulse shown in Fig. 1 was applied to as-fired
samples (virgin ceramics) and DC poled samples (poling
conditions: 80°C, 3.0 kV mm~!, 30 min) with a composi-
tion of z=0.48 up to 10 times. The pulse field and period
were E=43.0 kV mm~!, T7=800 ms; E=44.0 kV
mm~!, 7=800 ms; £E==4+3.0kVmm~!, 12sand E=+
4.0 kV mm~!, T=12 s, respectively. The pulse cycle
dependence of kp was investigated, each time the pulse
was applied, and it was shown in Fig. 5(a) on soft PZT
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Fig. 5. Bipolar pulse cycle dependence of kp when the pulses were
applied to (T) as-fired and (2) DC poled (a) soft and (b) hard PZT
ceramics (z=0.48).

ceramics and in Fig. 5(b) on hard PZT ceramics. The
effect of the pulse application on &, in as-fired and poled
soft PZT ceramics was almost the same independently of
E and T. Moreover, the k;, decreased with the first pulse
application in poled soft PZT ceramics and further appli-
cation, the k, was independently of the pulse cycles. We
believe the decrease in k,, by the first pulse corresponded
to 90° domain rotation accompanied with slightly depol-
ing. Further increasing the pulse cycle, the k, was inde-
pendently of the cycles. It was thought that 180° domain
switching mainly occurred at the cycles. The k, at
E=440 kV mm~!', T=800 ms in as-fired hard PZT
ceramics, however, was larger than the k, at E=£3.0kV
mm~', T7=2800 ms. Furthermore, increasing T from 800
ms to 12 s, the k;, was improved. In the case of poled hard
PZT ceramics, the k, took minimum at the first pulse
application. This phenomenon was thought that the
oriented 90° domains by DC poling were irritated by the
bipolar pulse, as the result, the k, became small to
accompany with depoling. Further increasing the number
of the pulse cycle, the k, increased with the cycle due to
poling again. Comparing the effect of the first pulse
application on k;, between poled soft and poled hard PZT
ceramics, it can be mentioned that 180° domains mainly
affected the k,, in soft PZT ceramics, on the other hand,
90° domains as well as 180° domains affected the &, in
hard PZT ceramics.

4. Conclusions

The effect of repeated bipolar pulses on k,, was clar-
ified in the case of as-fired (virgin) ceramics and poled
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soft and hard ceramics. The relationship between the
pulse field and space charge field was estimated by the
shifted direction of the asymmetric P-E hysteresis loop. It
was found that a space charge field was generated while
applying pulse and the direction of the field was fixed
independently of the pulse cycles. The shifted direction
was determined by the combination of the bipolar pulses.
The possibility of bipolar pulse poling was investigated.
The k, in soft PZT ceramics by bipolar pulse poling
reached to the k;, obtained by ordinary DC poling except
for the k,, in the tetragonal composition. The &, in whole
hard PZT composition was less than a half of the k,
obtained by DC poling. Furthermore, 180° domain
switching and 90° (71 or 109°) domain rotation were
evaluated by applying repeated bipolar pulses to DC
poled soft and hard PZT ceramics.
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