©
2011 2013

Enhancement of piezoelectric properties by introducing heterogeneous structure

Okamura, Soichiro
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Pb(Zr,Ti)03 (PZT) thin films with some amounts of pores or Pt nanoparticles were p
repared by chemical solution deposition and their piezoelectric properties were evaluated by atomic force
microscopy (AFM). Film thickness was approximately 300 nm. Their microstructures were also investigated by

scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The amount of pores was ad
jJusted by changing the speed of spin-coating. Finally, the densities of the PZT films were estimated to be

0.92-0.98. On the other hand, the amount of Pt nanoparticles was adjusted by changing the mixing ratios o
f precursor solutions to 0-9%. As a result, an effective piezoelectric constant d33,AFM estimated by the A
FM was enhanced with increasing the amounts of pores or Pt nanoparticles. These results suggest that unsta
ble lattices which were easily distorted with applying an electric field increased by introducing the hete
rogeneous structures.

PZT



B X C—19, F—19., Z—19 (GtaH)

1. WFFEBHAA Y W) DTS 5

JEEARIE, BRI F— LR L
—OEHages L, < KOBERIT
AT 2 — P —RRMEHIEI 7 4 V7 F T
AT, BifE, RbZ b Tind
JEEMIL, Pb(Zr, TDOs (PZT) % H.0r & § 5 60
RETIVIATHD, Lol HRARER
HEME~ORLOEE Y G, FEREEERD
BN LENL TN D,

PZT 3 Fe BN BRI A R 01, #
% #8 5% 5t (Morphotropic Phase Boundary;
MPB) & MEEN 2 ZriTi=52:48 72 DL TH
Do & TR, ZEmAA & IEST S ORE L3
MSEFAZRIZAVIEL > TS Z &N
MHNTWD, —F, EFBEREOATH,
FRDRID KA (@ RAAL L e RAA
PEIZAIECIIE, T7bb R AL U5
RBENEENVTEEFRELW LS5 2
ENTEDLEVW) RASf V=T Y v
ZHIRBINTND, BIZVHIRS>TERT
UL, F =2 U —mfHECIEFERE LR
RENB SN DD, £ 2 CILmaFEM &
RN JRIEL TV 5,

UL bE#aE 2 Gbt, JRWERT 20 %
BIESHETIZ B LAV TRE ik L
FTHUE, NLERERER S DEFAHE KR L,
JEBERFIER A BT D O TIE R0 & DFEE
iRz, ZOMGERERGES D720, RE—72
HEZEY HT -0 0MAEE L LT, 91X
JEBAR L 221 b ONIEBER L A4 T /K
FAZOWTHFTLHZ & & LT,

2. WO BEW
AW TIE, EEK PZT EIC >\ T, fEf

(2 BIRTCHNZ A3 2 il 7 22 FLR FeAE T/
KifaE8AL, 26O TET DIEZE
bz R U TSNS B 5 B 70 AN 22 72 R RE &
Al L7oRB 2 B L . = OJEERFIE A2 R
HICRHE 2 2 & T IO AR — P EE
FrElC R ETHBEMASNICITHI L&A
&9 5,

ABFFEOMAN 72 silx, EEMER Eo7-
DOIZZE LR BAR T R 2R+ 5 5800 H
Do MiRE LT, WERLEARST /KiFD
AL BENEIZIS IO AR — 03 E L
REIEZ AR E 7 diilh oy AN L TR
PEixm B35 & HiAER S, MPB X KX
A2V T ) T EOFEIEZ DY
ERREINDHN, EAT R FITEA
RVEIZHEANARETH D . RN EFEE
VX, & 6 5 BB O RELE D AT
RREHIfFIND, 72, MPB °RA A
TV =T7 ) 7 E D T EEN R R
ERSRNUR SISV TIVAYE 1oV (WA AR D
T, FIIC L BEREOH LR TH D,

3. WO Ik

PZT @R OERIZIE, L2 IR HERR
(CSD)EAE Mz, BARHIZREE Y vt 2 %
M 1 CRd, ERICIE, Pt(111)/Ti/Si0/
Si(200) 7 =& iz, 15 mm A28V H
Lz EER b, A vra—Z—%/Hw PZT
ATBRAR IR IR & &40 L7-, [A550% 1000~
5000 rpm & L, THENDEERE T 40 7O
Avra—h L, 20Ok, AR A 75
SELTOICHBREHAR Yy N7 L — M2 HW
T 150°CT 1 izl S, AEMER L

. ) 1000~5000 rpm,
/> | Spin coating 10s
@ O
R Drying 150°C, 1 min
1T —=
\=| Calcining [ 350°C,3min
Sintering 650°C, 10 min
(o mae i)
B IE S
PZTIEIE

X1 k& s PZT EE ORI~ v & A



TERET D72DITBBERHAA Yy h7 L — b
Z A, 350°C T 3 bR 1T > 7, £
L CleBICHE R L S & 572 JRIMINEF
Z VT 650°C T 10 77 [ DO ARBERL 24T - 7=,

CSD ¥EIT & 2 Al B8\ T ARBERL & 43
AT 2. ROBABESITZERIIRES N
DM, E D TRITIED HIREAE Y D3 7%
58D, ZTOWRETABERT D&, A
B HDIRGE L AT A & e o THIT D BRI 22 4L
B SIS, ZOBGEFIAL, Kbz
LEZHIET 5 2 & 2k Ade, BRI,
A2 Y a— Ol L BAmRE AT L,
[F CIRE CHRE AR ORN R 57 €LV
77 AL T D & RIS TABERK
L7,

RAET KA BIEEZED I, HPES
BRSO 4 wt%dD PtPVP =& ) —
N (LA T Pt A REEIRE T 2) & v
7oo VRIBEICHIEE 99.5% DT % J — /L (8 wt%)
EHHAK 6 wth) . IREANICAR Y =1 R
U R (PVP, (CHHNO) ) 23fEioi T b | Pt
PEIE S mfEETHDH, ZOPtanA NE
i L Jel3 & o PZT MR ARG 2 IV R G T
IR A ERL L 72 Pt Bd AR I 0~9% & LT,

PERLE U 7= BUBHZ S U T, X BREIT (XRD)
BB & Db s igAT . EA A E 1B EE
(SEM) <032 168 4 75, 1 B85 (TEM) (& K 2 K i
72 DN Wi EE . e IIE IS X D AT EREE
fifi. WA BHEET 2 X —I2X D DE X
U ZRGE, [ BRI (AFM) 1Z & 2
BENHE ZAT > 72,

4. WFFERCR

() JEBRMEIC T 2 =R

A2 a— hOREEEEZ 1000, 2000, 3000,
4000, 5000 rpm & L. BAf[EHEAE T
2, 4,6, 8 10 \EFTHZLT, Winb
JEJEA 300 nm D PZT #iEA 1572, Hohi-
M. XRD 1T & 2 b A E AT O RS . X
2IRT I, WThE T ¥ AR D

(100)
(101

g S )&WW Neapmony 5000 rpm

—.‘: 7 S | LWW\,’__’ 4000 rpm

%‘ nlimane j\JL""/ LWWW 3000 tpm

iE eI )LWWM 2000 rpm

2 P/ OSSN\ S Mo i 1600
20 30 40 50 60

2theta (degree)

2 PZT #MEo XRD /"5 —

st P 4
x150,000 0.1um

3 2000 rpm CTIEML X417z PZT HEEE DK
M SEM 5H

07 ANA MRMBEIZZR S TWD LD
RENnTz, KW 31T, —fFlL LT 2000 rpm
CYER & 7= PZT I O Wi SEM 5 H 4 717,
INERD &, WERBEOZEZILDBEE I LT
WD ZENFND, T OWrE SEM FE A5 IR
EEARDD &, BEEFICT LY 0.92~0.98
DEFTELLTWD Z LB Do T,

B 412X, —flE LT 2000 rpm TERLX
NIZPZIT RO B AT U o AReE: & JEERHE
oY, VRV GG U EEE
MBRFELENTWDZ EBND, T T, £
NZNDIED = =R —F O E I -HIINE S
PEZJE L, EEER dy g RO, EEE
L OBRERANIZ, TORBREK 5 ITRT,
INERDE, ZOORELOXEHDHLOD,
BB L dy OMICITAOHEBERS 2 Z LN
3% ZAUE, BEEEEAY 0.92~0.98 D
PHCIE, BEERTRDIEE, ThRbbZEEL



60 1 04

&
]

[

Polarization (pC/em?)
Strain (%o)

&
=3

&
3

-300 =200 -100 ] 100 200 300
Electric field (kV/cm)

X 4 2000 rpm TIER 72 PZT EiEO b
AT U v ARER XL OVEERE

0 L L L L
0.9 0.92 0.94 0.96 0.98 1

R =

4 5 L & EREE R & ORLR

BN ENDIZEEE
ZEAEEWRT D,
U EORERLY
AT HZ &1L, JEER
&Rt L7z,

FPE M EL TV D

e H T T B D ZEfL &
MM BB TH B

(2) FEERMEIC T 2 AT/ RL1 DR %
A&7/ R FORGEEZ0, 1, 2, 9%E L,
A2 a— FOEEEEZ 4000 rpm & L TIE
JEA) 300 nm @ PZT A ERIL 7=, 55N
7M. XRD fEEERIT L D . Wb T
VA LB DN T T AT A NEMELE 2o
TWDHZ LRSI, ?%%ﬂf:ﬂ%@%ﬁ
SEM BE NS, BLER OB AL B £
WREL 72 o TV DA, ERLSMI~ 7 micix
— AR L R o TN D T E DR T E T2,
X 6 (Z1d Bl A 0~2%0> PZT RO WriE SEM

X6 A4/ k%o Eiz PIT HED
Wi SEM BB, A4 DBLAE  (a)0%, (b)1%,
(c) 2%.

X 7 BA&E&DOEER 2%0D PZT HEHEOW
TEM FE

BEHEAERT, Ihahis b, BToZeideE
BEnp, 3 EEOK TZEARBRICKE
RAEDNIRNWZ ERHERIND, KTITE, A
B OFLAHE 2%0 PZT EOWia TEM BE 27~
B H O ARA T - 72 BWEBN AST ki1
ThV, ZORIY A% /i FITENTIZ
EH B L TND Z ENGND,



60 ——————————— 0.5
10 | 1 03
a0 f Q
E 1018
Q0 g
& 1 -01E
Q -20 -' a

[ 1 -03
07 4000 rpm |
B S e
-450-300-150 0 150 300 450

Electric field (kV/cm)

K8 B4/ hiFDELAR 2%D PZT i
Db AT U v ARER X OVEERAE

100 T

E
0

dﬁ?.f\\"M (pmjv)
P o)
=] =]
T Fel
—o-

b
<
T
1

- 4000rpm
O 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10
Pt content (wt%)
B9 A®T /R ORER L EEERDH
£

B 8IZix, —filE L CHEDELAH 2%D PLT
HEO e 27V v 2R X OVE BRI &
R, NEBICEE®RO A4 T R T2 EAT
DICH DL Mgt E < R D-F
E AT U ARG LN TWD, JEERME
B L TiE, IEADIEPRIEN R D A3,
EANA T ZUTOEEEENL 82 pn/V & AR
b, [FERIC L CROEEEH L A®T
SR DOELGHE L OBMREZR 9 IR T, BlS
FUDOFEHL, PL R REIEIED 72D etk
O FIZR BN, BLA S 0~2%0 FiFH
TiE, BEERE &b IEEER BRI
KI5 LRI,

U EORER LY, @R As) b 0E
A, JEERMER EICATH D & ibm L7,

5. ERRERLE

UEssam ) GiE 1 )

@O A. Wada, Y. Ehara, S. Yasui, T. Oikawa, M.
Nakajima, M. Wada, P. S. S. R. Krishnan, S.
Okamura, K. Nishida, T. Yamamoto, T.
Kobayashi, H. Morioka and H. Funakubo,
“Crystal Structure Change with Applied
Electric Field for (100)/(001)-oriented
Polycrystalline Lead Zirconate Titanate
Films”, MRS Proceedings # %t A, 1507
(2013) 6 pages. DOI:10.1557/0pl.2013.161.

(Fa%E) Gt 3 1)

O maffEs, WEHIEE, B2E%E, HHEEE.
FRER . AHENE. AR —BR, RS,
B EE munnmﬁ% B D EEE
#5 dgy, das ODITH%E(E'J;EJ %5 30 [RIFREH HE A
J &R, wHER. 5 H(2013).

@ S. Okamura, R. Yanase, Y. Fujiuchi, T
Nakajima and T. lijima, “Comparison of
Piezoelectric  Properties of Pb(Zrg.4,
Tigg)Os Thin Films with Different
Microstructures”, 9th International Work
shop on Piezoelectric Materials and
Applications in Actuators, IWPMA 2012,
Hirosaki, April (2012).

@ BT, PIRTEsE, M mas, [ATRR—
BB, TR — R AT K 2 [E BRI O Fr
PR . B T2 [ BRI
. WK, 8~9 H (2011).

(MEF) Gt 0 )

(PESEIA PEHE)
Oiiket Gt 0 )

OFfsiket Gt 0 )

(Z D)
Briz7a L

6. WFFEHLRE

() #Fgefss

WS #—EB (OKAMURA, Soichiro)
FOREARL RS - BRI LR - %
TeHFK S 60224060

(2) #Fgeor i

s Ead (IIJIMA, Takashi)
MSTATEE N PESEHAR AR50 - AF9E B
oeEHFR : 90356402



