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ABSTRACT

Pb(Ni, sNb,,;)0:-PbZrO,-PbTiO; thick films were screen-printed on platinized alumina substrates and fired at 800~1000°C. Two
kinds of powders with different particle size were prepared by attrition and ball milling methods. Effects of particle size of starting
material on the microstructure and electrical properties of the thick films were investigated. Average particle size of attrition milled-
powder (0.44 um) was much smaller than that of ball milled-powder (2.87 wm). Average grain size of the thick film prepared from
attrition-milled powder was smaller than that of the thick film prepared from ball-milled powder at the sintering temperature of 800°C.
However, the difference in average particle size became smaller with increasing the sintering temperature. Thick films prepared from
attrition-milled powders showed more uniform and denser microstructures at all firing temperatures. Thick films prepared from
attrition-milled powders had better electrical properties at the firing temperature above 900°C than thick films prepared from ball-
milled powders. Dielectric constant, remanent polarization and coercive field of the thick film prepared from attrition-milled powders
and fired at 900°C were 559, 16.3 uC/cmz, and 51.3 kV/cm, respectively.
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Fig. 3. Surface morphologies of the A/M thick films fired at (a) 800°C, (b) 900°C, and (c) 1000°C and the B/M thick films fired at

(d) 800°C, (&) 900°C, and (f) 1000°C.
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(e) 900°C, and (f) 1000°C.

o} @9, &b MEMS &2k A&AS aAe Sio 7% YT AL HTRE BAT &2 27} 800°C
Aol b FuhE AZStojof stE2 900°C 141944 W o = ple Uy3 B A2 ¢d futo] B o
ZLoAl kA Futo] A7 Hojof &}, Figs. 49} 50014 e BUE A2 ok FoEg fadee ARES
E 4 e AAYE 000°CY &F 2xoA AM FHto] o] 22 FAAE T2 IS /M 900°C ol &
BM FutEr} 953 1718 548 Heoli 3ith 900TC 4 2xMe vlR Uy BUR A2 Febo] 2 9
MM 2AT AM T FANS, FFES, dHA= e EUE Azxd FuEg 98 4 9 ok B4
7}z 559, 16.3 pClem’, 51.3 kV/iemth. 2 7}§it} 900°CA| A AZA% nx W3 Buz =) =3
Zutel §A34, 2F¥S(remanent polarization, P,), ¥
4.4 = A 71ﬂ(coercwe field, E)E zH7Z 559, 163 uClem’, 513
kV/iem& ol
£y niE g B4E o83t YR (particle size)
7} A2 T E 27FR] 7] PbTiO;-PbZrO;-Pb(Ni;3Nbys) HAtel 2
O; A B3 Fy] o}‘iit} o] BUESS o] 83t o]
EE 9E § 23 2dy o g Mol g4 2 d7e AT 52 7] %49 +(R05-2003-000-
H 4Fry 7 H°ﬂ A Fuhe Az v Y 1734-0A Qo2 S Y& ).
& (attrition milling)$+ F&e] BHYAA7]E 044 umS
W, & Y& (ball milling)3 L] FFYAZ7)= 2.87 um REFERENCES

2 e 9y el 94 2707 B S, Fue
BOO°CA 4ASHE WE BB LYW FIE Az

i o 1. M. Koch, N. Harris, R. Maas, A. G. R. Evans, N. M. White,

Sukol AR 7|(grain size)’t B UHI BLE A|ZT and A. Brunnschweiler, “A Novel Micropump Design with
Futo]l Ax}=7] Hrh i Zgtow A ex7l 800°Ce| Thick-Film Piezoelectric Actuation,” Meas. Sci. Tech., 8 49-
A 1000°CE F7Hgtel whe) viE Uye Rue Azxd L O Maeda. and T, Suea. “Characterisation of
Suko] olx} A ZH(erai o o WE AT 2 . C. Lee, T. Itoh, R. Maeda, and T. Suga, “Characterization o
T Hat (gram}\ir ov;th) I Es me & ]i_“zg Mocromachined Piezoelectric PZT Force Sensors for
HAT 223, HA 2 Lk prellA whE " F Dynamic Scanning Force Microscopy,” Rev. Sci. Instrum.,
2 A2 Fo] B IYs RUE A FEHEG 68 [S] 2091-100 (1997).

A 414 A 53.2004)



380

3.

R. Maeda, Z. Wang, J. Chu, J. Akedo, M. Ichiki, and S.
Yonekubo, “Deposition and Patterning Technique for Real-
ization of Pb(Zrjs,Tig45)O; Thick Film Micro Actuator,”
Jpn. J. Appl. Phys., 37 7116-19 (1998).

. J. Akedo and M. Lebedev, “Piezoelectric Propetrties and Pol-

ing Effect of Pb(Zr, Ti)O; Thick Films Prepared for Micro-
actuators by Aerosol Deposition,” Appl. Phys. Lett., 77 [11]
1710-12 (2000).

. C. Lucat, £ Menil, and R. Von Der Muhll, “Thick-Film

Densification for Pyroelectric Sensors,” Meas. Sci., Tech., 8
38-41 (1997).

. Y. Jeon, J. Chung, and K. No, “Fabrication of PZT Thick

Films on Silicon Substrates for Piezoelectric Actuator,” J.
Electroceram., 4 : 1 195-99 (2000).

. V. Ferrani, D. Marioli, and A. Taroni, “Thick-Film Resonant

Piezo-Layers as New Gravimetric Sensors,” Meas. Sci.
Tech., 8 42-8 (1997).

. T. Kubota, K. Tanaka, and Y. Sakabe, “Formation of

Pb(Zr, Ti)O3-Pb(Zn,Nb)O; System Piezoelectric Thick Films
in Low-Temperature Firing Process,” Jpn. J. Appl. Phys., 38
5535-38 (1999).

. P.G. Jones, S. P. Beeby, P. Dargie, T. Papakostas, and N. M.

10.

11.

12.

13.

14.

SR

White, “An Investigation into the Effect of Modified Firing
Profiles on the Piezoelectric Properties of Thick-Film PZT
Layers on Silicon,” Meas. Sci. Tech., 11 526-31 (2000).
B. Y. Lee, C. 1. Cheon, J. S. Kim, J. C. Kim, K. S. Bang, and
H. G. Lee, “Effect of Sintering Conditions on Properties of
PZT-Based Thick Films Prepared by Screen Printing,” J.
Kor. Ceram. Soc., 38 [10] 948-52 (2001).

Y. B. Kim, D. J. Choi, S. J. Yoon, H. J. Jung, and T. S. Kim,
“Preparation of PZT(52/48) Piezoelectric Thick Film by
Screen Printing Method,” J. Kor. Ceram. Soc., 38 [8] 724-31
(2001).

K. B. Park, T. H. Kim, and K. H. Yoon, “Initial Particle Size
Effects on Sintering and Dielectric Properties of Pb(Fe,,
Nb2)03,” J. Kor. Ceram. Soc., 29 [9] 711-18 (1992).
P. W. Lu and W. R. Xue, “A Study of the Sintering Mech-
anism of PZT-Based Piezoceramics,” Proceedings of the 9th
International Symposium on Applications of Ferroelectrics,
IEEE, 122-25 (1995).

L. B. Kong, J. Ma, H. T. Huang, W. Zhu, and O. K. Tan,
“Lead Zirconate Titanate Ceramics Derived from Oxide
Mixture Treated by a High-Energy Ball Milling Process,”
Mater: Len., 50 129-33 (2001).



