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Effect of Ceramic—-Electrode Interface on the Electrical Properties of
Multilayer Ceramic Actuators
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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 intermmal 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(gm)
MCA 1 5 5 100 10
MCA 2 10 10 100 10
MCA 3 10 10 100 20

AzE HZAE 1100TNA 2Mz}%g 24
3l & Ag paste® Al§3} 92 &l
@%%*ﬁﬂl“%ﬂﬂﬂ(M&ﬁ B ESE =

22 MES EH-H 24

AxE MCAE Iig & Atz ZA9 =
719} BEE dolR7] YA 20 kVY HEAgES
A7sle] FALAAEW AR nAFRE BEE)
R, 24 F9o AHFHL X-d HHEENE A
E3AM 20° ~60° oA AHrEgct gz, AA
of WE o|HFEAS gotry| 98] sawyer-tower

Ag electrode

X-ray

MCA
a8 1200 VE AtE A5Y M 9ol
Ble] XRD &4 EA%.
Schematic diagram showing XRD mea-

Fig. 1.
surement for MCA
voltage of 200 V.

subjected to a



J. of KIEEME(in Korean), Vol. 15, No. 10, October 2002.

28 ARG, AAFVEEEL S AJHY £
75 VA At At F 60 HzollA  laser
vibrometer (OFV 303 VIBROMETER SCANNING
HEAD, polytech)& AH8-3te] ARgith =3 A
FAAG R HE5d g 900 B9 Jdx
g dotiy] & X4 HEENNE AE5HY
AlEe] 200 Vo HeS Q7belEAl 437 oA 46°
Apolo Al X-H ZAEE SAek3, (002)HY 4%
L9 (200099 AR HE AMSET. 1¥
12 X-4 d4d &A ASgeg Jed Aol

3. 23 ¥ &

~

s

e

AZE PNN-PZT Algddzed FAEA
L A7 Fo|2E R0} 48] HHOEHLE—
&l

)ol

2]
=

o

il

i

7} 918l PNN-PZT A=l 29 4

A Fd HdE 19 29 LFEPLH%M (a
AA Bae X A ARl 2344k
ZEZo} AEo] d¥ e} 1100TY)
& Fole 2245 EF 2T AE ¢
g ol AL A A vHhSs BEo]
T dAYEE 5 BT 9g3o
23¥ ez #Avdv. z8ly, A
02)d 3 (200)Heo| FEsk AHA
(200)ATro] EAst =], £ HHA ALE
AL 450 B (2000 we] &A)E])
AUATELE ¢ & AT

>

»#*L
© b

>~r_~

1

o r

e e
N T A=)

ox

o
\]

o =]
& 9

H}

2

I o
N o 2%
ey
" 2B

Ao

(110)

-~

£
<

=

2

3 a)AZH

=

1 L A
20 30 40 50 60

2

a7 2. PNN-PZT Algtalze »ZAd%E X A 3
A g,

Fig. 2. X-ray diffraction patterns of PNN-PZT
ceramics before and after sintering.
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Fig. 3. Scanning electron micrographs showing
the ceramic microstructure in multilayer
ceramic actuators.
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Table 2. X-ray diffraction intensity ratio and 90°
domain contribution of (002) and (200)

plane.

i 1(002)/1(200) Sgntj;um;;z
MCA 1 0.94313 15.20325
MCA 2 0.76787 10.10139
MCA 3 0.59609 4.01346
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