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Abstract: Characteristics of a wireless sensor powered by the IDE (interdigitated electrode) embedded piezoelectric

cantilever generator were analyzed in order to evaluate its potential for use in wireless sensor applications. The IDE

embedded piezoelectric cantilever was designed and fabricated to have a self-resonance frequency of 126 Hz and

acceleration of 1.57 G, respectively, for the mechanical resonance with a practical conveyor system in a

thermal-power plant. It produced maximum output power of 2.81 mW under the resistive load of 160 Q at 126

Hz. The wireless sensor module is electrically connected to a rectifier capacitor with capacity of 0.68 farad and 3.8

V for power supply by the piezoelectric cantilever generator. The unloaded capacitor could be charged as a rate of

approximately 365 1V/s while the capacitor exhibited that of 0.997 mV/min. during communication under low duty

cycle of 0.2%. Therefore, it is considered that the fabricated IDE embedded piezoelectric cantilever generator can

be used for wireless sensor applications.
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100 mme] A=} 500 mme] A A& 7HK|+= IDE
S AASE & d TP E tpAI(ATY AR
AL, Korea)g A|AstItt. o]E o]&3sto] Ag-Pd (7:3)
Ho] AE(WT-SPD30-A, Winner Technology, Korea)
£ A1gslol 25 m £ YA AE EHo| IDE 1
Ha Qafist & F 1049 44 AJEE 2tuldolH
(Woori system, Korea)zZ 60°CojlA] AZ=35ta 3,000
psi, 65°ColA] 102 =9F WIP (warm isostatic press)
A2]st & t}o]Al(dicing) 3% 30 mm (F2) X 30 mm
(M2)e] 2718 F& IDE 85 YA 2418 A%}
Rt olF 1,150°ColA 1AIZF B9t SAl BAY 574
= 4%sto] Aoz A% §, AN FAE
wefste] 2.5 V/mel B AZoIA 308 Fob B3
(polarization)g AAISHITH &9 AlE2 500 pm
St 37 mm (HH]) X 61 mm (Zo])e] Z7|E M=
SUS (stainless steel) RAIQ] metal shim©] sH& ©
of offZA2 2o ¢Als] RASIG o, SR =
W Edo] £AEE= proof mass? A £725HA
FAFRL 9IRS 2ET 4 Ues AU 2
=742 Pb(Zr Ti)OsA &
A o (S55, Sunnytec, Taiwan)Z T 13t 722
9

Table 1. Piezoelectric properties of commercial piezoelectric

material (S55) from Sunnytec Electronics, Taiwan.

Piezoelectric properties Values
Curie temperature
P 170°C
(To)
Coupling coefficient
65%
(ks3)
Mechanical quality factor 55
(Qm)
Piezoelectric charge constant 12
750x107 C/N
(ds3)
Piezoelectric voltage constant 3
18.4x10” Vm/N

(g33)
Elastic constant

(s"33)

32,710 m*/N
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Fig. 1. Fabricated IDE embedded piezoelectric cantilever generator.
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Fig. 2. Block diagram of the wireless sensor module.

Rectifier Capacitor SMA

(900Mhz Antenna)

LOM100A
(LoRa Module)

Reset Switch

ID Switch

Connector
(Temperature Sensor)

Connector
(IDE Embedded
Piezoelectric Generator)

Power Switch

Fig. 3. Fabricated prototype wireless sensor module.
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Fig. 4. Duty cycle of the wireless sensor module powered from
the fabricated IDE embedded piezoelectric cantilever generator.
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Fig. 5. Schematic of conveyor belt system carrying coals for

thermal power plant.
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Fig. 6. Time dependant acceleration in 3D space (X, y, z
coordinates) and vibration frequency along z axis measured at

A site of the belt conveyor system.
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Fig. 7. Experimental setup for measurement of power output

for the IDE embedded piezoelectric cantilever generator.
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Fig. 8. Output voltage, current (inset) and output power of the
fabricated IDE embedded piezoelectric cantilever generator with

a variation of resistive load.
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Fig. 9. (a) Unloaded capacitor voltage and (b) variation of

capacitor voltage during communication for the wireless sensor
module powered by the IDE embedded piezoelectric cantilever
generator.
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