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Figure 1(a) shows a schematic structure and a photograph of the fabricated piezoelectric MEMS cantilever-type vibration
energy harvesters. It consists of a single cantilever structure, which is composed of a supporting silicon layer, a Pt/Ti bottom
electrode, a PZT piezoelectric film, a Pt/Ti upper electrode, and a proof mass on the tip of the cantilever. A schematic of the
MEMS fabrication process of the harvesters is shown in Fig. 1(b). The starting material was a silicon-on-insulator (SOI)
wafer with a 20-um-thick Si device layer, a 1-um-thick SiO> layer (insulating layer), and a 500-um-thick Si-bulk layer. The
energy harvesters were fabricated as follows:

1) An SOI wafer was oxidized on both sides with a thickness of 1 pm.

2) We used a Pt/Ti film as a bottom electrode. The thicknesses of Pt and Ti were 100 and 10 nm, respectively. The Pt/Ti
film was deposited on the front surface by sputtering. Subsequently, a PZT piezoelectric film with a thickness of 3.0 um
was prepared by sputtering.

3) The Pt/Ti film was deposited as an upper electrode with a thickness of 100 nm/10 nm. Then, we patterned the Pt/Ti
upper electrode, PZT piezoelectric film, and Pt/Ti bottom electrode by inductive coupled plasma-reactive ion etching
(ICP-RIE), one by one.

4) An interlayer insulating film (TEOS-SiO») with a thickness of 0.6 um was deposited by CVD and patterned by ICP-RIE.

5) Pt/Ti was deposited by sputtering and patterned by ICP-RIE in order to form electrodes and wires.

6) To form the cantilevers, we removed the thermally oxidized SiOz layer, Si layer and SiO: insulating layer on the front
surface around the cantilevers. The SiO> and Si layers were etched by ICP-RIE and deep RIE, respectively.

7) The Si-bulk was etched from the back surface by deep RIE to form the cantilever and a proof mass.

We finally fabricated the piezoelectric cantilever-type vibration energy harvesters with a unimorph structure, as shown in Fig.

1(a).
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1) 2) Deposition of electrode and PZT 5) 6) Patterningofelectrode, wire
and cantilever
| P |

3) 4) Formationofelectrodeand insulatinglayer 7) Formation of cantilever and mass
|si SO, M PZT [ ] Pt/Ti
Figure 1 (a) Schematic illustration, photograph, and (b) MEMS fabrication of the cantilever-type piezoelectric energy
harvester fabricated employing PZT film.
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