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ABSTRACT

PMN-PZT ceramic composite with formula 0.1Pb(Mg;,5Nb,,;3)O;—0.9Pb
(ZrosoTigag)Oz0r 0.1PMN-0.9PZT was prepared by a conventional mixed-oxide method.
A planarelectromechanical coupling coefficient (kp) value of the ceramic was measured
by a resonance method. The kp value of the ceramic was cal culated to be 0.47. I n addition,
the uniaxial stress dependence of hysteresis properties of 0.1PMN—-0.9PZT ceramic was
investigated by measuring the ferroelectric parameters, i.e., remanent polarization (P,),
spontaneous polarization (Pg) and coercivefield (E;) asafunction of applied stress. It has
been shown that sizes of hysteresis|oop of the ceramic change with increasing stress. The
P,, Psand E. values also vary with the applied stress. The P, and P decrease significantly,
while Ec increases, with increasing stress.
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INTRODUCTION

Lead magnesium niobate (Pb(Mg,,3sNb,3)O5; or PMN) and lead zirconate titanate
(Pb(Zr,Ti4x)O5 or PZT) ceramics have been widely used in actuator and transducer applica
tions (Cross, 1996; Veihland et al., 2001). PMN is a well-established relaxor-type ferroel ec-
tric of perovskite structure with excellent dielectric properties. It has advantages of having
broader operating temperature range, low loss and non-hysteretic characteristics. PZT
ceramics have relatively-high electromechanical coupling coefficients as compared to PMN
(Zhao et a., 1999). However, PZT ceramics arefairly lossy asaresult of their highly-hyster-
etic behavior. With these complementary features, ceramics in PMN-PZT system are
expected to have a combination of excellent properties of both ceramics.

The electromechanical coupling coefficient (k) isanindicator of the effectivenesswith
which apiezoel ectric material convertselectrical energy into mechanical energy or viceversa
(Haertling, 1999). A high k is usually desirable for efficient energy conversion. For a thin
disc of piezoelectric ceramic, the planar electromechanical coupling coefficient (k,,) expresses
aradial coupling, i.e., the coupling between an electric field parallel to the direction in which
the ceramic element is polarized (direction 3) and mechanical effect that produces radial
vibrations, relative to the direction of the polarization (direction 1 and direction 2).

In many actuator and transducer applications, the ceramics are subjected to high
mechanical-stress field. A prior knowledge of how the material properties change under
different load conditionsis crucial for proper design of adevice and for suitable selection of



