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Summary

Energy harvesting spans a large variety of technologies and devices that transform low-grade energy
sources such as solar energy, environmental vibrations, thermal energy and human motion into usable
electrical energy. In this work the energy source is vibrations that are transformed by the energy harvesting
micro-generator into a usable electrical signal. The micro-generator comprises a silicon cantilever with
integrated PZT thick film deposited using screen printing. The results reported here include generated
power versus excitation frequency, and the influence of parameters such as presence and value of a proof
mass located at the tip of the cantilever, value of the electrical load resistance and shape of the cantilever
(e.g., rectangular or trapezoidal). Furthermore, devices based on pressure treated thick film materials are
tested and compared with the standard commercial InSensor® PZT thick films. It is found that the
structures based on the pressure-treated materials exhibit superior properties in terms of energy density.

Motivation and results

The development towards smaller devices with more functions integrated calls for new and improved
manufacturing processes. The screen-printing process is quite well suited for miniaturised and integrated
devices, since thick films can be produced in this manner without the need for further machining. As an
example of such a miniaturised device, a MEMS accelerometer based on PZT thick film has been presented
in the past [1]. Due to the rapid development of ultralow-power electronic devices, the energy harvesting
technology has become a very attractive solution for a wide variety of applications, e.g. structural health
monitoring, embedded test & evaluation, and condition based maintenance of roads, buildings, ground
vehicles and aircraft [2].

The presented energy harvesting device comprises a silicon cantilever, bottom electrode, PZT thick film and
top electrode. Examples of dimensions are given in Fig. 1. The sample has been clamped at one end and
mounted on a mechanical shaker, imposing a sinusoidal acceleration at the base of the cantilever (Fig. 2).
Structures of the same shape and dimensions have been manufactured using two kinds of PZT thick film,
standard grade and high-performance (pressure-treated) grade, in order to directly compare the
performance of the materials (Fig. 3). The conclusion of this comparison is that the device based on high-
performance PZT thick film produces a constant output power that is significantly higher (by a factor of up
to 3.7) than the standard one. This is also supported by a theoretical analysis, where the output power of a
flexural energy harvesting device is proportional to (ds;)*/€, where ds; and &, are the transversal
piezoelectric charge coefficient and the dielectric permittivity of the piezoelectric thick film, respectively.
The influence of the seismic mass on the output power is also studied experimentally and the results are
presented in Fig. 4. By optimising the geometry, a charge sensitivity of up to 3 nC s> m™ has been obtained,
whereas the maximum open-circuit voltage and output power (at optimal load) measured at resonance
were 3.9 V and 16 uW, respectively. These values were obtained with a rectangular cantilever with a mass-
beam length ratio of 70 %.

References

[1] R. Lou-Moeller, C.C. Hindrichsen, L.H. Thamdrup, T. Bove, E. Ringgaard, A.F. Pedersen and E.V. Thomsen,
Screen-printed piezoceramic thick films for miniaturised devices, Journal of Electroceramics, vol. 19, no. 4,
2007, page 333-338.

[2] K. A. Cook-Chennault, N. Thambi, A. M. Sastry, Powering MEMS portable devices—a review of non-
regenerative and regenerative power supply systems with special emphasis on piezoelectric energy
harvesting systems, Smart Mater. Struct. 17 (2008).

Corresponding author: Erling Ringgaard, Meggitt Sensing Systems, Hejreskovvej 18A, 3490 Kvistgaard,
Denmark, +4549127100, +4549138188, e-mail: erling.ringgaard@meggitt.com



W=3or2mm

; 06
ol L=1250r25mm w
I w
E 05 *.
| 2 04
. 50 .
Clamp-on seismic mass % 03
o
. 302
PZT thick film (30 um) 3 *
PCB fixture Top electrode (Al, ~0.5 um) %, o
Si substrate (350 um) 8
Bottom electrode/diffusion barrier S
) ) 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Fig. 4. Output power vs. seismic mass at 1 m/s” of
bending element based on PZT standard thick
film.

Fig. 2. Measurement setup, showing the test
fixture with two cantilevers mounted on the
shaker system, one of them with visible clamp-on
seismic mass.
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Fig. 3. Normalised power output (RMS) as a
function of the excitation frequency and resistive
load, for 12.5x2 mm? structures based on
standard PZT (top) thick film and high-
performance thick film (bottom).



