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Simulation and ultrasonic study on domain processesin

) Preparing crack-free lead zirconate titanate (PZT) films
ferroelectrics

with thickness up to 50.m is still a challenge for ferro-
electric MEMS applications. In this paper, a modified 0-3
composite route for thick film preparation has been reported.
The film properties such as microstructure, crystallinity, fer-
roelectric, and dielectric properties have been optimized in
terms of the variable processing parameters such as con-
centration of the sol—gel solution, powder/solution mass ra-
tio, vehicle content, annealing temperature, powder size,
and cold isostatic pressing. Within the optimum process-
ing conditions, the thickness of crack-free PZT films on the
platinum-coated silicon substrates can be easily adjusted be-
‘tween 1 and 5Q.m. PZT/silicon diaphragm array with such

H textbook hanism f larizati Icomposite thick films has been fabricated by using silicon
pear. However, textbook mechanism for polarization reversa micromachining. The electromechanical properties of the di-

did not include polarization rotatlo'n. IF was des_crlbed as a aphragms have also been evaluated and presented.
three-step process: reversed polarization domain nucleation,

forward growth, and sideway growth of the reversed polar- doi: 10.1016/j.ceramint.2004.03.012
ization state. Optical microscopy cannot see these domain

switching processes since the mini-domain mixture will ap- Ngvel high-pressure crystallization process for the

pear uniform to the visible light. In addition, some materials preparation of electronic ceramic thin films at low tem-
may not even be optically transparent. TEM, on the other peratures

hand, will destroy the 3D nature of the ferroelectrics and the

boundary constraints often confine the switching process. Chung-Hsin Lu

Recently, we have performed a computer simulation as well Electronic and Electro-optical Ceramics Laboratory, De-
as innovative measurements of the domain processes using@rtment of Chemical Engineering, National Taiwan Uni-
ultrasonic technique. The simulation results of a 2D four Versity, Taipei, Taiwan

variant model show that the switching path is not as given in Tel.: +-886-2-23623040.

the textbook. Instead, two consecutive @@main switching ~ E-mail addresschlu@ccms.ntu.edu.tw (C.-H. Lu).

occurred. In order to verify this phenomena, we have moni-

tored the polarization reversal process using ultrasound in a  The research and development of thin-film technology for
single crystal 0.955Pb(ZmNby/3)03-0.045PbTiQ which electromc ceramics has peen §t|mulated by the necessity for
has a rhombohedral 3m symmetry. Direct evidence indicatesProducing microelectronic devices and systems having com-
that the polarization reversal in this system is via a path Pact size, light weight, and low power consumption. Elec-
involves two consecutive domain switching processes, i.e., fronic ceramic thin films are being extensively applied in
0° — 71° — 180, instead of the textbook mechanism of Various types of electronic and optical devices such as mi-
0° — 180° domain switching. Our results revealed the in- Croelectromechanical systems, dielectric capacitors, sensors,
trinsic nature of fatigue in some ferroelectrics in which the and electro-optic displays.

reversal process involves large elastic deformation. Because the electronic ceramic thin films are difficult to
be crystallized, either in situ heating or post-annealing high
temperatures for complete crystallization is necessary. In or-
der to reduce the crystallization temperature of electronic ce-
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Ferroelectric systems usually contain many different po-
larization domain states that couple strongly with elastic
strain. These domains will co-exist and form complex struc-
tures, for example, the 9Gwins in a tetragonal ferroelec-
tric system. Theoretically speaking, during the polarization
reversal process in a single crystal, domains whose polariza
tion axis is different from that of the applied field could ap-

doi: 10.1016/j.ceramint.2004.03.011

Piezoelectric microactuator arrays using composite PZT ramic thin films, a novel high-pressure crystallization (HPC)
thick films process has been developed. The crystallization tempera-
tures of ceramic thin films (PZT and J@s) were signifi-
Zhihong Wang'*, Weiguang Zh@, Changlei Zha8, cantly decreased to lower than 40D. It was found that the
Hong ZhtP, Jianmin Miad crystallization process of ceramic thin films was markedly

“Microelectronics Centre, School of Electrical and Elec- enhanced by high-pressure processing. In addition, the inter-
tronic Engineering, Nanyang Technological University, actions between ceramic films and substrates were substan-
Singapore 639798, Singapore tially reduced. The formation process and development of
bMicromachines Centre, School of Mechanical and Pro- the microstructure were investigated by XRD, GIXD, SEM,
duction Engineering, Nanyang Technological University, and SIMS. The prepared thin films were demonstrated to ex-

Singapore 639798, Singapore hibit high dielectric constants and good electric properties.
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fax: +65-679-33-318. films can effectively reduce the thermal budget and alleviate
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