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Abstract: The piezoelectric energy harvesting characteristics of a trapezoidal cantilever generator with lead zirconate
titanate (PZT) laminate were investigated with various Ag inner electrodes. The piezoelectric mode of operation was a
transverse mode by using a planar electrode pattern. The piezoelectric cantilever generator was fabricated using
trapezoidal cofired-PZT/Ag laminates by five specimens of 2, 3, 4, 7, and 13 layers of Ag. As the number of Ag
electrodes increased, impedance and output voltage at resonant frequency significantly decreased, and capacitance and
output current showed an increasing tendency. A maximum output power density of 7.60 mW/cm® was realized for the
specimen with seven Ag layers in the optimal condition of acceleration (1.2 g) and resistive load (600 ), which

corresponds to a normalized power factor of 5.28 mW/g? - cm

3
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Teble 1. Piezodectric properties of commercid piezodectric materid
(AC750) produced from Hayashi Chemicds, Jgpan [18].

Piezoelectric properties Values

Sintering temperature (C) 850C

Curie temperature (T) 225C

Coupling coefficient (kp) 61.7%

Mechanical quality factor (Qm) 138
Piezoelectric charge constant (ds) 520x10°2 C/IN
Piezoelectric voltage constant (gss) 24x10° Vm/N
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(b)

Fig. 1. (@) Co-fired the trapezoida PZT/Ag laminate and (b)
the fabricated trapezoidal piezoelectric cantilever beam.
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Fig. 2. Schematic images of the PZT/Ag laminate with various
Ag electrode layers.
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Fig. 3. Experimental set up for the measurement of electrica
properties of the trapezoidad PZT/Ag laminate piezoelectric
cantilever generator.
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Table 2. Impedance and capacitance of the trapezoidd cantilever
generators as on/off resonance frequency.

A B C D E
Off resonance
. 133 62.5 6.72 4.17 1.18
impedance (k)
On resonance
. 15900 7,450 2,340 476 146
impedance (Q)

Off resonance
capacitance (nl)

59.5 127 376 1910 6,690

On resonance
capacitance (nl)
% Off resonance is 20 Hz, on resonance range is 148~150 Hz.

68.0 143 417 2190 7,320

11 ——A 114V o
749V,
6.14 \:l'lllh‘
8] 2D 355V

129V

10 —=—3 rms
94 ——cC
Tms

1 E rms

Output Voltage (V)

0.8 1.0 1.2

(b)

Output Power (mW)

0.8 0.9 1.0 11 1.2

Frequency (f/f)

Fig. 5. (a) Frequency dependent output voltage and (b) output
power of various trapezoidal cantilever generators.

mean square) &0 2 B7|5tFTH oA A4
ol FAFmp BN &9 A E AR AR
2 ueiyglon, YRET 5471 Z7tEA 3A%
oA 28 AYS A& gasts 42 W
g, 59 ML UR AT F47F F7ISHA
FAzRA Frote AFS BAoU, T e

J Korean Ing. Electr. Electron. Mater. Eng., Val. 31, No. 7, pp. 462-468, November 2018: Y.-H. Na et al.

14
13]—°—A

Output Voltage (V| J)
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L oad Resistance (Q)
Fig. 6. Output voltage characteristics of various trgpezoidd cantilever

generators as a function of load resistance at resonant frequency.

T
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—o—C 34kQ 441mw
—o—D 6000 4.90mW
—o—E 140Q 416 mW

Output Power (mW)
w

L oad Resistance (Q/Q)

Fig. 7. Output power characteristics of various trapezoida cantilever
generators as a function of load resistance at resonant frequency.
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sho] & &9 A" S4E EoEH. 4R oYX
SHHIAR 5&5 =0]7] Yo JAEYHE BRE o
U QEHE o]&8st AdumEA Bt HolxFgS o]
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P=V, */R (2)
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A5 & %ol P WS FYE Tte= HolA P9
W2 UREAE 3t st ghs 71 ool (8]
174 . VZRL
P, =IR, = 'R, = 3
‘ ‘ (RS+RL) ‘ (RS+RL)2 )
op, % V'R, @)
R, (Rs+R,)? (Rs+R,)
Y (RS_RL)
(Rs+R;)

(P 949, R WHAY, RS F3AF)

O ZAn AlE A= 18 kQ9 HaHAFoA 2.68

mWo] 2|t £3& BE¥Fon, B= 8.2 kQojA 3.32
mW, Ce 3.4 kQoJA 4.41 mW, D= 600 QOofA

4.90 mW, E= 140 QA 4.16 mWS YERfYI o,
Ao) 222 AW DolA Uehich 71 we &9 5
42 7 AW DE BAFHR 150 Hzold A
3.55 V &3 A, 343 4.90 mW, AU 760
mW/cm normalized power factor 5.28 mW/g? -
cm’2 UERgith. Uoix] AEESE & 30] oAl o)
HA” E45 qofste Astden, ® 40 & o

Tob QAR PZT AQo A AR1S olgd omu
719 || sHIA” 5442 vluwste] JoRle
2 =2 54 Mg ¢ 4 Uk

PZT/Ag laminate®] Ag A= 547t SZ71da=
AAr=l Ajche] @ PZT/Ag laminate QZd whA7]9]
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Table 3. Comparison of energy harvesting performance of the
trapezoidal PZT/Ag cantilever generator.

A B C D E

Impedance matching
resistance (L)

180 k 8.20 k 3.40 k 600 140

Maximum output

114 749 614 355 129
voltage (Vrms)
Output power
268 332 441 490 416
(mw)
Power density
3 422 520 688 760 6.30
(mwW/cm®)
Normalized power
293 361 478 528 437

factor (mW/g? + cm®)
% Resistance tolerance is +1%

Table 4. Comparison of energy harvesting performance of cantilever
piezolectric generators using various maerias.

. Power density Power factor Normalized power
Material
(mW/cm®) (MW/g?)  factor (mwWig? - 0m3)
PZT-based
) 0.0822 0.337 0.154 [20]
ceramic
PMN-PZT - 0.226 - [21]
PZT-5A 0.375 1.48 148 [22]
PZT-5H 0.349 0.319 121 [23]
29 A 50| F7lste= ol vERod, 7
W2 A=50] JEE AlHE B Feoe &2 A=Y
3717t Al DEG Q35]3 gaste dddo] HEEA
o}, ol AN AHEE = l% 19] Sddst &
AR FE e Z1Qleh Jlor AR Hop §Y

= o
g B 93 271 Aol apwch,

4. &8 =2

2 AFoA= PZT/Ag laminateE ©]-&3sto] AR
gt Attha] & PZT/Ag laminate @& wHA7]9] oy
A] SHAE E H7tst7] sl PZT/Ag laminate
o] Ag A= %4% HEFAZ] AJH-E AlASEITE. Al
AE 27H94 Ag }\1-0151040131 BL 37H CL
471, D+ 770, E% 13719] Ag =30l EAfstt, &
o 9 54 23 A5 547t S7rEd o2t &9
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