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ABSTRACT

PMN-PZT films with thickness of 5 um were deposited on Pt/Ti/SiO,/Si substrate at room temperature using aerosol deposition
process. The films showed fairly dense microstructure without any crack. XRD and TEM analysis revealed that the films consisted
of randomly oriented nanocrystalline and amorphous phases. Post-annealing process was employed to induce crystallization and grain
growth of the as-deposited films and to improve the electrical properties. The annealed film showed markedly improved electrical
properties in comparison with as-deposited film. The film after annealing at 700°C for 1 h exhibited the best electrical properties.
Dielectric constant (g,), remanent polarization (P,) and piezoelectric constant (ds3) were 1050, 13 uC/cm2 and 120 pC/N, respectively.
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A Aol F2 AgEE 2A0lth A2 T
2 PMN-PZT] 21714 545 FA717] f3iM +
AT HE =YstAL, @28 2zl wE PMN-PZT
e Al rRst A71H S4e 2ATAT

ol WS B¢ PMNPZT % A2 98] 22
B2 dE Hayashirhbe] BZHHIZIRCO AC, Hayashi
Chemical Industry Co., Kyoto, Japan)g AF&-3}3th. o]
FE BT HH AFololEl Az AMEEE EREA,
X-ray fluorescence spectrometer(PW 2400, Philips Electronic
Instruments Co., Eindhoven, Netherlands)E 53l Table 134
7+o] SrO7} A% A7HE 0.3PMN-0.7PZT[0.3(Pb, Sr)(Mg,/,
Nb,3)05-0.7Pb(Zr, THO; 1 E L2 A FHATE g A=
243 7](LS230, Beckman Coulter Inc., Fullerton, CA, USA)

Table 1. Chemical Composition of Commercial Powder Used
for the Study

Chemical composition (wt%)
65.9 1.7 22 10.7 10.1 9.3

- Ned g ey
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Carrier
gas

Aerosol
chamber

Fig. 1. Schematic diagram of aerosol deposition apparatus.

it
~

Festel QEg BASEE, A PAHY FAAAE

u) 7 (FE-SEM, JSM-6700F, Jeol Co., Tokyo, Japan)3} &
A

HAAE W (TEM, JEM-2100F, Jeol Co., Tokyo, Japan)
S 3 4R 4 € 2718 ZAMEA T

Fig. 12 £ A7 ARSE ooZ2E & FH| 9| 7k
5o|t}. Aerosol chamber®] PMN-PZT A& B2 £
sl 3L, o9 AZAE deposition chambertfoll F2to] Yo
o 7138 AT Aerosol chamber o] g 1~10

liter/min 42} Wk 7128 AME-38le] deposition chamber
g FFEeH, 5x0.5mm” 2719 AL Fee
=25 st 2go] e S5E 7|3 FESIA
PMN-PZT=e| 2= St} Deposition chamberd] GZ2¥ =
FHEA 23] 2 TS5l aerosol chamber2} deposition
chamber= Z}7} 600 Torr, 1 Torr ©]sle] ZFo2 FA]H
%}t Aerosol chamber$} deposition chamber 7he] W%
el ztelsh wkFrkiol o) Z1w-g g EE YA
S50 71&3tET REETAR S AR ARRESLS
w, 713833 =E7F Asle SmmAt. SFHA] 73] H
2 XY stageE AFAIFHOEZA A9 v Ao 7t
st & Aol FaHE o) HEL 5x 2mm’e
AZE sER] oF 5um T whe] FAFH AT
2k 2ol ZdxE e 7|2 E AMEste FT|FolA
500, 600, 700°Cell M ztzt 1A]17F §<F o] Foi ot
SUEEH FHE I, FEAEE F Aol 2 2
AHsE ZARS] 918 Xeray diffractometer(D-MAX 2200,
Rigaku Co., Tokyo, Japan)E ©|-&3}] X-4 IJHAEHE
sttt gA8 AE 9 T TG M zE] #Es
A A WA FARAAERE S Ao, Thie]
UAF 2715 A7) Y8l olnA] B4 =2 713 (Image-
Pro Plus, Media Cybemetics Inc., Silver Spring, MD,
USA)E ol&atirt. ek dutx el TEM A EEHE &
717 2tel oh¥k TEM ¥4& 3t5Ach. PMN-PZTZe] #
NA B4 HME Y8 sputtering® ©]&3t 2 x2 mm’
o Pt A=& PMN-PZT 2t &R o 200nm AR %

A 43 A A 23(2006)



108 R -

2}
&4 1mpedance analyzer(E4991A Agllent Technologles
Inc., Palo Alto, CA, USAYS A}g-3led | MHz2] T‘L}"T‘oﬂ
*1 %"éﬂﬁip_fﬂ, RSP, FAAE) T AHH

+ Precision LC(Radiant Technologies Inc., Albuquerque,
NM, USA)2 0]&-3l p-E ol¥ oz HE] Av). 3
PMN-PZT =o] b4 dy; 3te Gt ass o8-
laser interferometer(OFV-5000, Polytec GMBH, Waldbronn,
Germany)g ARE-sle] SFHstgom, 279 A 300 kV/
em®] Ao 3EF¢ g A s

. EH g

Fig. 2 & 7oA AFS-¥ PMN-PZT &2 ¢
@A Ao B Ao A7) 9 S dAEn 7
S B3 #EAS Aotk dE B4 A, ¢ Eed
0.1~5ume] =27] HHE 7FIA JRSH, dsp> F 1 pm
ol T AA AR FARIAAN A S T #AEE A
= BAE S S 7HRIE Ao, 4o A7) B X
© YEiH daet FASIITE E 2 kel g AL

dse=1.08 um

Volume (%)

T T T ¥

0.1 1 10
Particle diameter (um)

(a)

()

AAEYR AE RElY $AUAEL TS Pu
g AZSHEE, 9B 42 218 2A] dd) 5

AR AS ARSI Fig 2(0)8 FHAAH A
AL SAED(Selected Area Electron Diffraction) &
o] dAAow dHdEe dAke] A7]E 0.1~0.5 um
$I—E'— 7EA A YAt
3(a), ()= dAEE F2YE B3l PUTI/SIONSi 7]
ok 5ume FAZ S&E PMN-PZTES] @H &
A FARAEN AR S S HES Aot &
A 9] PMN-PZTZ o] P =AW, HED YAt
tod A2olA] FA3 A LL E731a, el
710l g% WAHA ekob A'W3 PMN-PZT
o] FAHYES AT F Uvh Fig. 4= F 7|H
Z2ZE oF 10 um F7 2] PMN-PZTHS vehd A}
S2A, vlee 3 AW B oz T3]
AL gt gto] FAEUTS & T Utk Fig. 5& PuTi/
Si0,/Si 715 9ol A" PMN-PZTZE] vlH x2S v}
Eid FabdxEn A A SAED HE S S8 F73
d FY9E FEAMS Aot 2 oF 20nm ¢|&te] H]
A AHHES B HGORE ojF o Fom, T 19

1o mlo

O M
F~£mﬁ
41 o 2 o,

>~
-
op

ol

\-J rﬁﬁﬁ%m{m Mo P e
e

Fig. 2. Characterization of the powder used for the study; (a) particle size distribution, (b) FE-SEM image, and (¢) TEM image and

SAED pattern of the particle.
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(b)

Fig. 3. FE-SEM micrographs showing cross-sectional view of the as-deposited PMN-PZT film on Pt/Ti/SiO,/Si substrate;
(a) low magnification image and (b) high magnification image for the selected area.

- Glass
" PMN-PZT film on glass

KIMM

5 mm

Fig. 4. Transparent PMN-PZT film deposited on glass substrate.

Fig. 5. TEM micrograph and SAED patterns of the indicated
areas of as-deposited PMN-PZT film.
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Fig. 6. X-ray diffraction patterns for starting powder, as-
deposited film and the film annealed at 700°C for 1 h
(Pe : perovskite phase).
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Fig. 8. TEM micrograph and SAED pattern of the film
annealed at 700°C for 1 h.
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Fig. 7. FE-SEM micrographs for the PMN-PZT films; (a) as-deposited, (b) after annealing at 500°C for 1 h, (c) after annealing at
g 2

600°C for 1 h, and (d) after annealing at 700°C for 1 h.
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Fig. 10. Ferroelectric hysteresis loops of the PMN-PZT films; (a) as-deposited, (b) after annealing at 500°C for 1 h, (c) after annealing
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Table 2. Ferroelectric Properties of PMN-PZT Films Annealed
at Different Temperatures

Remanent polarization  Coercive field

(nClem?) (kV/cm)

As-deposited film 0.1 8

500°C-1h 2.5 38

600°C-1 h 5.7 32

700°C-1h 13 54
27 A (paraelectric phase)oll Al B2EE Ao ax ) o
Ul vAsk 24 xRk B8 A e 2 289
AAge o o|HANOE HEHe AHH EAE 0
A Z3IL ARG AFS veille A2E Azt
oA FTHE g A ot AP A AR
Aol B4 vefls o]y Fie] #AHAT A
&7t Fobdo] mel B Aol Ko} FALztE el szt
& oIS Yedey, FEF3 A7 Stst
= A%¢S 29 IAFEFH 22 AR 5A4do] e
A4 9 4Rt Z7)o] o&dde AL F dEA A
ol ) dxja] 2xr} ool wel wel AAAo] F
FESL 4R 27 AX AFEFEe] S AR B
Ak ZAHAA 2o g 277t F45 YA £
o] 47} Zopd Y Z(multi-domani structureys 7HA|

_—
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Fig. 11. Variation of piezoelectric constant d;; of the film
according to annealing condition.
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