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Abstract: We fabricated piezoelectric unimorph cantilever generators (UCG) using Pb(ZrysiTio)0s + 0.2 wt%
Cr:0; + 1.0 wi% Nb:Os (PZCN) piezoelectric thick films, which were produced by a tape casting method.
The PZCN thick films were tailored with same width and thickness but different lengths from 7.7 to 57.7
mm in order to evaluate optimized UCG for energy harvesting device applications. When the length of PZCN
film was increased, the resonance frequency of UCG was slightly increased from 7 Hz to 8 Hz, which could
be due to enlarged area of the highly stiff piezo—ceramic film. However, the output power was proportionally
increased with the length of PZCT film and it reached 4.68 mW (1.221 mW/cm®) when the film’s length was
57.7 mm under 25 g of tip mass at 8 Hz, which is sufficient for micro-scale device applications.

Keywords: Tape casting, PZT, Energy harvesting, Unimorph cantilever

1. M8

a. Corresponding author; yhjeong@kicet.re.kr

Copyright ©2012 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

FHol v|#dg YA E BE5E A Sl
A% (energy harvesting)2 7|A1AS AFHAEZ
A7) U2 F&Her WSy A7t A
AAHez GFstA Ad+HA ko [1-5] HA=2< #
7F @A 7vte] A 54 A dEYZ A2"EE

Ty 477 B BHE 23 g 7|E &
5o 29 AMRxE 7Nte] YEYA A= He



956 J. KIEEME, Vol. 25, No. 12, pp. 955-960, December 2012: K.-B. Kim et al.

AY EE AR &Zo] ¥7] oz Add T}
olFoAE AS F7IAHQ wigE] afoly A9
ZAF 7o o wel vgeo] P Ay, =3 9
o HHE el ke 87429 AR ARA olfE o
rez23 gt [6-8l. ol#@d FAE 2] HsME H
| %3 Bd AF UAE o] £8 A B, AAHA &
T A7 FE HER slolB=y 2, 4
dH T OIE YA 2" 7]Ee] F4Em gle
FH Pz 2A ol8e] A& FUHT + A
€ &8 477 823 AYsn o [9-15] F2 4A
Aehel g o] 43 & EolZE BXYol FujdlN AT
< At-E2e gHE ol 8% 2xEAY FHI}=
ATE Yo [16], HAkxe] LHE diFA=
A GAAE o] &3 TAE 28R [17). =3
Auyol digtl A &S Fol7] A oA dpux
B 3z 5& e A% 47E A Fo Ao [18l
Zer~ g% INSA (Institut National des Sciences
Appliquées)oll = SSHI  (Synchron ized Switch
Harvesting on Inductor) 3|28 o] &3&te] A= 3pejx
H 32 dFE AYsin Uk A7|AEA BoklME
g 4 Alzkel 952 98 I 2 AEAIA
& o] &3 A WA Alxgld giF A7) vFH I8
oA A P=lm gt [19-21]. A=A s 2EHE &
A2ZA GFsiA L5 Qe PZTA ddAzEe =
W, A4} 2 239 HIE oM gH 54l
A W33 +5719] NbOse =98 A8 ans
7}A9 Pb site vacancy7} 2435l domain wall®] ©|F
o] olsix &3] Az A717IA AZgAF7E Skt
dd 2 FA 5AHL FINE 5 glen, +3719] CnOs
E ZARAAe] AHY aging I} 2= & §E
AR F e SA4L 3 It [22]. oo B AFoA
E Pb(ZrosTioss)Os + 0.2 wit% Cr:0s + 1.0 wt% NbOs
(PZCN) A Algte] 24& g8sigeod, 4 A€
HE o] &3 hHAEe] HEe sy H8 o F
o} Aghd]e] Zo] ®isld wE {FUEZY td WL
H ¥d7] (UCQE AFstd HEddrtel i Fa4 5
A3 A A5e Hrlsigen, HAsE UCG 24
3] A7tdd 7)¥ke] USN A& 7Hs4e Hrkstaxt
Lia=d

2, &Y wH

PbO (99.9%), ZrO: (99.9%), TiO: (99.9%), CrOs

(99.9%) 18]35 Nb205 (99.9%)2] high purity chemical
Co.(Japan) ¥t & o]&3te] AP L APt A8
g 4H=A4 Pb(ZrosiTios)0s + 02 wt% Cr:0s + 1.0
wt% NbOs (PZCN)2 duhAQl AEte] 342 FaA
2o g Yo =AY o} B o] &3l UAT B
AL dto] HAF Fo 80TNA 1413t 3k A2 E
T FH oA T2A12F ¢ 23 B s ¥ 100TelA
12M7F ZAZ 396 & ¥l (BUTVAR, FERRO,
USA), $HE (8541-4100, DAE JUNG, KOREA), 2]
I YA (B-73225, FERRO, USA)E o| &3t A
v &2 4o &8z AHZ AT F, 2X P E o]
&3t 0% Bt 88 dFd Jde 7IEE AA} =
29l APt E8d A3 AYS 8 4Nz
F FAF Fol, HA AM=" ¥ (TECHGEN,
KOREA)E o|83lo] T 30 me JYUAEE A=F
F 1039 ZdAEE v|vle]lE (TECHGEN, KOREA)
Z 60TONA 1% S 50 kg/em’e] ¢S 7tetd A=
staith. WigF 290 imm T2 HF ™A EE AWV E
o] #3le] ZolE 30 mmE 1ASIL Hu|Zde]E 10~
60 mm7tA] 10 mm 4 F7HA1A Adg H 1,100T
A 22X BT AZFATD 2Z2AY FF dd 2
(Ag) 432 3" T 670ToA 108 T <A 3HA
Zth. 283 oil bath ¢tellA 2 kV/mme] & FAAE
0% T AU 2ZAE EFSAY 258 A4
o] A EAHE B4 fstd GAAPET ds Al
Z7] (PM100, PIEZOTEST, United Kingdom)& A}-&
den fd 542 d¥dL £47] (impedance
analyzer, HP 4194A, Hewlett packard, USA)2 2 A
2 Aidsde. £S5 v d 9 AE |
30mm, Z°] 70 mm SSB (stainless steel beam)el]
A& ol 8ste] FEAsAUT. Pb(ZrosTios)Os + 0.2
wt% Cr:05 + 1.0 wt% NbOs F94& o] &3t UCG
2 A|33le] shaker (Bruel & Kjer, 4809, Denmark),
1< bipolar amplifier (NF, HSA4014, USA), functional
generator (Agilent, 33220A, USA), accelerometer (ACO,
3116, Japan)E 2] amplifier (LeCroy, Wavejet 322,
Japan)& A}g-3te] ZE-2 1 HzolMFH 10 Hz7kAl 9] 5
gpe) AJZF W] g wd 54L& Hrhsdth

3. @3 ¥ 2@

PZCN ZUAEE 950T-1,100CAA AZ7 F2
9] dg (FAANEF), e'wle (FH L), Qm (FAA
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Table 1. The piezoelectric & dielectric properties of
PZT-CN ceramic sintered with various temperatures.

Sintering v
tempera &% MO Q. 105 m¥N)
950 484 162 118 6124
1000 747 277 75 11608
1050 918 306 61 11515
1100 1069 365 51 14072

Table 2. The size of PZCN ceramic (length, width,
thickness).

sample  _O™™  Thickness Width Length

name sl:en:;;')u (mm) (mm) (mm)
A 30-10 0.23 23.5 7.7
B 30-20 0.23 23 17.7
C 30-30 0.23 22.6 27.6
D 30-40 0.23 225 37.7
E 30-50 023 23 478
F 30-60 0.23 23.1 Sl

%) 283 dggp (IUAEE 58) 59 4d 2 &
A EAS 2AF9T 1,100TA dss(pC/N)-S 3652
2 BAHRo e'w/er, Quit 1,069, 5102 FAHEHA
o, T3 dugguite 14072:10 Pm/Noz e 54
gtol FAHAY [23]. 71E9] Hue] B2 1200T
ol 4ZA% PZCN Ha A9 AL, ex'/eo
(1,572), ky (59.5%), dargs (15180 10 °m*’/N)¢] £
g SAo] BuEdo [24]. o]d ¥ dAFdAE 44
Fut 27 2A PZCN 24& Ad9sig e, 1,100TCel
A AZA% PZCN Alg9& UCG #Ze AF oA
22 AMEsHAY [ 1 Fal

g 12 oA siu2H HE&S 3 1,100Cel
A A22% tgd =7)e PZCN AEtdo|t, PZCN
PN ES Zo|E 10~60 mmZ 10 mm¥ W&
Za, g $A4E 30 mmet 0.3 mmE 233

¥ 28 S84 27 A9 o] WEE F PICN
JUANEE A7) 1,100CoNA AZ% green sheet
2718 Yehgde =8 ¥ 3¢ 53 ZE AZA
2 21~23%9] 424 F 5L AT F ey,
A272& ui3 PZCN A& E Ag 35 A8 & &9

Fig. 1. PZCN ceramic are sintered at 1,100T with
differential ceramic’s geometry.

Table 3. The percentage of contraction of PZCN ceramic
(length, width, thickness).

Sample name m.. mmm ....‘T:l:!.,..

(%) (%) (%)

A 231 216 231

B 229 233 23

C 23 232 24

D 232 231 23

E 23 228 22

F 229 231 228

g v A FgAEE S a9 13 2] A, B, C,
D, E, 2832 F£ JehiAc}

ag 25 Zo|¥std we &3 AY e BFs)
7] 9# 29 19 £9Y& nl@ PZCN A2k SSB
(70-30-0.25 mm®) ¢lol HZ3}gh i, SSBe EFEol
Tip Mass (FZFA]) 25 g& dZA3st UCGE A A3
At SSBe 3 FHE A4er] 98 A 1&
o] &3t

et 3B
"~ 22\ (0223500 + m)l° (1)

E I p 13 me @445, 84 2dE, 9%, SSB
o] Zo| 23 AZFAS FA olth. A 19 wet 1
¥ 2¢] SSBet AFA 9 SA4& o834 & AN
23 66 HzollH 3AF952 Altso], 44 1 Hz
AA 10 Hz7H A F3p5 Ao ety A¢e 54
& A3 A AE9 TAFdFE 7 Hz2 A4t %k
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® Mass: T2.67g
®Sintering temperature : 1100°C
®Frequency: 1~ 10Hz

®Load resistance : 100k

Fig. 2. UCGs with a different length using PZCN thick
films sintered at 1,100C for 2 h.
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Fig. 3. The displacement of A, B, C, D, E, and F UCGs
samples with various frequencies.

H=3 238 32 F AU

39 32 AFA 25 gol AZAE VLB A, B,
C, D, E 283 F AE9 Fu4 Wsld uje g o
A WY AME o] &3t AFA ] WY E A B
gtk A, B, C, D, E, 283 F A9 ¢4A ALY
Hel ¥ dF 18 mm~24 mmE A HoH
Aetele] dolrt F71E4E HE =34 PgaHE
Aoz FA=EY. T3 A-D AES 7 HzolA,
E-F &L 8 HzolH FAFHS5E A QU
t}. Aatge] Zol7t SSBe FAFHT F¥S F
F glon ¥ox HIE FE AL FFY F 3
Atk olgh e HAAL SSBe Atgazt 7zt
stiffness®] Z}o]2 ¢lg #FE A2 AAALG.
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Fig. 4. The output voltage of F sample with time.
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Fig. 5. The output power of F sample with various
resistance.

a9 55 F A=Y addue] At ¥sle) e
Y AY s JEACE 3 AFE 100 ke
A 25 g AFAE A2 39 HY A F5
T8 8 Hz= 71351 & " peak Y 157 VI A
< g9 F 3Uoith

19 58 %3t FA= e ALy E 8 Hz2 ¢
A3HA AEE M3 =hA dudx I L I
UCGS A% AAsE Sds A3 wsge] e &9
AY g A Bt ZE YR Jugixghe
28 AY go] WaHE A$E 143y dydx
A A3 e 27 93k 100 QoA 10 MQ7HA]
HEAA B 243 100 kQollA 7HE EL2 468 mW
Y A8 S #FY F A 4 2)F o] Lo A
b wigle] i &8 Ay e AdsA
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Fig. 6. The output power of PZCN ceramic with various
lengths.

v(t) : the voltage of the load resistance
R : the load resistance
T : the period of v(t)

2
e R (2)

a3 6& Zo|7 wstd Ague Fukg W3
0E &3 A8y 54L& Yehlidd. 4 HzolA 10 Hz
7HA Fu4- HEE FUAL W A B C 28 D A
Zo|ME 7 HzolA 7H &2 &9 A9 gto] a3
Hon 7 e 1 mW o/l Aoz #|FAEHAG.
a8]la E¢ F AZdAE 8 HzollA M &L 939
9 gto] BAEGoH 53| FAZFAAN M =2
46 mWzke] #agl o2 Hol PZCN A gde #H
ol7} AoALE £ AY UL F/HMEE FE F
AR, =3 A &7 A9 g FHF dgL
A-DAIE 7 Hz 2832 E-FAIE 8 Hz2 1 Hz 7}
He AL 9 4 U ol 219 3¢ D¢} FA
Zo|A BAY Fug sl wE We 27 d9E
53t #FE3H50], SSBS PZCN Agldle] SSBH
t} stiffness ¥7] #W&Eol Zel7t 71245 SSBo}
Agste A3 FIrhsinz 34 FR57t FobA e
Ao 2 o,

B 45 279 o] ¥isld g A-FAES peak
voltage, 9 #dg 121 #E dx %L YEA
th &z Zo|7} F71EF 5 peak voltage®t &8 A
g agln A d=7t F7HE S 0¥ 5 ey,
53] F AZoA 7HF =& 468 mW (1.221 mW/em®)

Table 4. The output properties(voltage, power, density)
of PZCN ceramic with various lengths.

Sample name Pesk (“’;;I tage ?’::vpel:'t P:‘f"’::;?:;ii;y
(mW) (mW/cm?)
A 0.1 0.00004 0.000021
B 1 0.01 0.0029
C 4 0.42 0.079
D 6.2 0.53 0.069
B 7.2 1.36 0.14
F 16 4.68 0.4

3 AYo] AAHAG.

A9 9= 437 984 28 A8 & ¥
(et +Agdgu)2 Yiro] A8 AEE ALSA
. A Mgdge Zdo] WIlE &3 AFH W
o 93e 7= Hoez FHAHUG. M. ]
Ramsay, H. W. Kim®] o] w29 vfojlaz
228 2232771 Y9ME 03 mW/em® o] 49
Agd s desdn o [26] 2322 E A
T A @& PZCN 99 ¥ A¥UEE 1
23ld oA sul2a" Aol $8o] 7HEstE g
B,

4. d &

Pb(Zros:Tio4s)03 + 02 wt% Cr:0: + 1.0 wt%
NbsOs (PZCN) 92 HS /28 Hio= AT
o2 A=At 1,100TAHA 22F g4H 2AE F
3 du(pC/N)E 36502 BAHUSH e'wley, Quit
1,069, 51 dx=365 pC/N, e's/eo= 1,069, Qum=51, L&
I dyrgw= 14072-10° m® /N ¢438 ¢d 2 #
A EALS #FZE + %o, oz A 28
o] 83t ZolE WIAHA FY HY A4S A
A3 FAE (577 mm)olAd 7H3 £ 468 mW
(1221 mW/em’)2 #ZHAT. Aot F7185E
9 AY gL F7rHEALeH, E-FAZAAN 5343
Z 7t A

w3 FRAFHFE A-DASCAM= 7 Hz, E-F
AMENME 8 Hz2 #FEHo 29 Avo nz}
SSBY] FRFHF S FE AL FUdAH.
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