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Abstract: A unimorph piezoelectric cantilever generator with an interdigitated electrode (IDE) was developed for 
vibration energy harvester applications driven in the longitudinal mode. Hard lead zirconate titanate (PZT) ceramic 
with a high Qm of 1,280 was used as the piezoelectric active material. Ten PZT sheets produced by tape casting 
were laminated and co-fired with an Ag/Pd IDE at 1,050 for 2 h. The approximately 280 μm-thick co-fired PZT 
laminate with the IDE was attached to a stainless steel substrate with an adhesive epoxy for the fabrication of an 
IDE unimorph cantilever. Its energy harvesting characteristics were evaluated: an output power of 1.1 μW at 120 Hz 
across the resistive load of 700 k was obtained, corresponding to a normalized power factor of 4.1 μW/(G2·cm3). 
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Fig. 1. Schematics of (a) 3-3 mode and (b) 3-1 mode vibration 
mode for piezoelectric resonators.

Piezoelectric properties Values

Sintering temperature 1,050

Density (g/cm3) 8

Curie temperature 290

Coupling coefficient (k33) 61.1%

Mechanical quality factor (Qm) 1,280

Elastic compliance (sE
33) 20.2×10-12 m2/N

33
T/ 0 1,398

tan 0.6%

Table 1. Piezoelectric properties of a sintered disk body using 
commercial piezoelectric material (MPT) produced from Hayashi
Chemicals, Japan.
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Fig. 2. Schematic of fabrication process for hard PZT laminate.

Fig. 3. Configuration of designed IDE pattern.
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Fig. 4. Schematic of fabrication process for unimorph piezoelectric 
cantilever.

Fig. 5. (a) Surface and (b) cross-sectional FE-SEM images of 
the hard PZT laminate with Ag/Pd IDE electrode cofired at 
1,050oC for 2 h.
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Fig. 6. Impedance and capacitance (inset) for the hard PZT 
laminate with IDE electrode as a function of frequency.

Fig. 7. Real picture of the fabricated tip-mass free unimorph 
piezoelectric cantilever with IDE electrode. 

Fig. 8. Frequency response function of voltage for the fabricated 
unimorph piezoelectric cantilever with IDE electrode for tip-mass 
free and 3 g.
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Fig. 9. Output voltage at 120 Hz under 1 G with a variety of 
resistive load for the tip-mass free unimorph piezoelectric cantilever.

Fig. 10. Output power at 120 Hz with a variety of resistive 
load for the tip-mass free unimorph piezoelectric cantilever.
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