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Patterning of Functional Oxides and Their Applications 

Yuichi SAKAI, Tatsunori KAKUDA, and Tomoaki FUTAKUCHI (Toyama Industrial Technology Center) 

  The effect of CaO, SrO, or BaO dope to Ba(Ti0.95Zr0.05)O3 was investigated in order to develop materials suitable 
for lead-free actuators with resistance to reduction. CaO, SrO, or BaO doping concentrations of x = 0.005 or more 
were effective for preventing the reduction of Ba(Ti0.95Zr0.05)O3 during firing under 3% H2 - N2 atmosphere. The 
results of XRD measurement suggested that the Ca2+ ion substitutes for the B-site more easily than the Sr2+ or Ba2+

ion when the dopant concentration is high. The strains and Cuie temperature of the ceramics decreased with 
increasing dopant concentration of CaO, SrO, or BaO. The dynamic piezoelectric constant d33 of the ceramics with 
BaO dopant concentration x of 0.005 was approximately 640 pC/N. Lead-free multilayer ceramics (MLCs) with Ni 
electrodes were prepared by using BaO doped Ba(Ti0.95Zr0.05)O3. The displacement of the actuator was approximately 
340nm. This value is smaller than the value expected by d33 of the bulk ceramics. More investigations about the 
preparation process of MLCs are needed to improve the displacement of lead-free MLCs with base-metal electrodes.  
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