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Abstract

The polarization and strain behavior of multilayer ceramic actuators fabricated by tape casting using a

PNN-PZT ceramics were investigated in association with electrode size and internal layer number.
Spontaneous polarization and strain decreased with increasing electrode size. In addition, the increase of
internal layer number brought reduced spontaneous polarization and increased the field-induced strain.
Because the actuators structure is designed to stack ceramic layer and electrode layer alternatively, the
ceramic-electrode interfaces may act as a resistance to motion of domain wall. To analyze the effect of
ceramic-electrode interface, the diffraction intensity ratio of (002) to (200) planes was calculated from
X-ray diffraction patterns of samples subjected to a voltage of 200 V. The diffraction intensity ratio of
002) to (200 planes was decreased with increasing electrode size and internal layer number. The
diffraction intensity ratio and straining behavior analyses indicate that the polarization and strain were
affected by the amount of 90° domain decreasing with increasing electrode size and internal layer
number. Consequently, the change of polarization and displacement with respect to electrode size and
layer number is likely to be caused by readiness of the domain wall movement around the interface.
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Table 1. Size of multilayer ceramic actuators.

Length Width G.reen sheet Layer
(mm} | (mm) |thickness(tm)
MCA 1 5 5 100 10
MCA 2| 10 10 100 10
MCA 3 10 10 100 20
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Fig. 1. Schematic diagram showing XRD mea-
surement for MCA subjected to a
voltage of 200 V.
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Fig. 2. X-ray diffraction patterns of PNN-PZT
ceramics before and after sintering.
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a) 10 layer stacking(5x5 mi)

b) 10 layer stacking(10Xx10 mx)

¢) 20 layer stacking(10X10 ma)
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Fig. 3. Scanning electron micrographs showing
the ceramic microstructure in multilayer
ceramic actuators.
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Fig. 4. Polarization vs. electric field curves of
multilayer ceramic actuators.
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Fig. 5. Electric field-induced strain in the multi-
layer ceramic actuators.
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Fig. 6. X-ray diffraction patterns of multilayer
ceramic actuator subjected to a electric
field of 200 V
a) 10 layer stacking(5X5 urf)
b) 10 layer stacking(10X10 mr)
¢) 20 layer stacking(10X10 mx).
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Table 2. X-ray diffraction intensity ratio and 90°
domain contribution of (002) and (200)

plane.
1002)/1(200) ?gmggftiz
MCA 1 094313 15.20325
MCA 2 0.76787 10.10139
MCA 3 0.59609 401346
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