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Fabrication and Electric Properties of Piezoelectric Cantilever Energy Harvesters
Driven in 3-3 Vibration Mode
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Abdract: A piezoelectric cantilever energy harvester (PCEH) driven in longitudina (3-3) vibration mode was
fabricated, and its electrical properties were evaluated by varying the resistive load. A commercial PZT piezoelectric
ceramic with a high piezoelectric charge constant (ds3) of 520 pC/N and the interdigitated (IDT) electrode pattern
was used to fabricate the PCEH driven in longitudina vibration. The IDT Ag electrode embedded piezoelectric
laminates were co-fired a 850°C for 2 h. The 3-3 mode PCEH was successfully fabricated by attaching the
piezoelectric laminates to a SUS304 elastic substrate. The PCEH exhibited a high output power of 3.8 mW across
the resistive load of 100 kQ a 100 Hz and 1.5 G. This corresponds to a power density of 10.3 mw/cm® and a
normalized global power factor of 456 mW/g*cm®. Given the other PCEH driven in transverse (3-1) vibration
mode, the 3-3 mode PCEH could be better for vibration energy harvesting applications.
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Fig. 2. (8 Designed IDT electrode pattern and (b) fabricated
IDT electrode printed piezoelectric specimen.

45.1 mm

Fig. 3. Optical microscope image of the IDT electrode on
piezoelectric ceramic laminates after sintering.
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Fig. 4. Fabricated piezoelectric cantilever energy harvester driven
in 3-3 mode.

= Kﬂiﬂ Al#e] IDT A= HAo] Hule} 512
2 SR)uet 747} 25%, 15% 559 75 um,

DT 43 758 2: 3-3 0E0] A3 @

3

Do)
==1

B ol @R8] RANES oEAS
Aol 60CoIH 212 5
5. B 7] slere)

=

T

) > oy o B
R T i S
Y to X L ok
ron W Ob LJ N
=& - Ol —_
o rlr E l‘_ﬂrl II.O

%a) kJ

OEJT oX

Z o

—~

g5 R

g5 2

o rn

@]

o

1r B

i mH rOV

J2 -

4z b
Me

2

T

N

1o

Proln P ool
=]
>
j\m A
AN
=
H1
Jh
nx
N
rOU

uu oft o 1o L. M H
ol

¥R

)

|J

o

N

o

1

=

N
w
ra
]
it
Jm
0x
(i]7]
M

oA Alx= IDT A= LZ2E Zt= 3-3 O C
A P 7igey oA shAE9l AdmEA
(impedance) £ Qn d BA7](E4990A, KEYSIGHT,
USA)E 0] 8351900, tip mass ¥ 23} A 3H(resistive
load)9] 7|0 mZ %Eﬁ A B2 e Adn
(Wavejet 322, LeCroy, Japan)y} =ity EAS 7}
517] 9519l shaker (Bruel & Kjeer, 4809, Denmark),
114 bipolar amplifier (NF, HSA4014, USA), functional
generator (Agilent, 33220A, USA), accelerometer
(ACO, 3116, Japan)E2 A}g35}9ic}t. 3-3 mt A=d
A ALY oyx] shHlAE Q] &2 A Fst A
= HFAIHAN EPEH Ado=RE P(EEA
2)=V(HAL/R(AF) A& o]&3to] AXtstAc,

)
-+

@
1

o

O\X' rle
ol

r

9 ox =

F

== Polarization

Fig. 5. Polarization of the 3-3 mode piezoelectric laminate with
IDT electrodes.
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Table 2. Comparison of the output performance of the cantilever
piezoelectric energy harvesters using various materials.
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