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Preparation of Pb(Zr, Ti)O; thin films by MOCVD using ultrasonic spraying
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Abstract Thin films of Pb(Zr, Ti)O; are fabricated by MOCVD using ultrasonic spraying. The films
having perovskite structure are made at low deposition temperature, 300-450°C. The phase and composi-

tion of the films vary with the composition of the starting solution and the deposition temperature.

Dielectric constant of the films is 187 at 1MHz. Ferroelectric hysterysis loop measurements indicate a

remanant polarization of 5.54C/ctl, and coercive field of 65kV /cm. Resistivity of thin films is about 10"

cm and the breakdown electric field about 35kV /cm.

I. M 2

PbTiOs, PZT, PLZT %9 4& &H/st= oA
FLIlolE At Ee dHy, F
AT 48 f&3 A4Ee A
HZ oA Y HFLIO|E 4B S
Azste vlFRA 7)sz, ¢
Ar Fol &3 A7 €23 Ay
I Uk

g€ Rste HELIOIE 4R uhet
& 9=s oz AR F 2 (electron
beam deposition),® o] &% Z 2 (jon beam
deposition),® 2 #}E 8 ¥ (sputtering)- ¢ ¥
T8 EEFAYTA E-AYPYW Fol ALH:
At BAFAYPEL uvle] Fuzt gl
I FALe =¥ 93 E AR e,
E-AY e ke =AE 2HE77F w9 o
AL A9 544 wgde Fdol A7) 4

ko
=

d
j =
=

£ 2EE AT Ao

Ho] Lees A28 W 2&uE R
MOCVDo] o]3jA BaTiOs;9}
PbTiOstet-& Al &8tk o] WHe wl$ 3
Heta BAHeR thgdiA Whe Az
RAe g BIHST

3H, BaTiOye AHo] 2271 120TC A%
2 93 gHe) eERIGA HAAH A
7 (electromechanical properties) o] vhu=l o}
© Aol Utk PbTiO:e] 9= A F(co-
A7) wfFo ¥ (poling)o
fA ch Pb(Zr, TI)Ose BaTiOso |84
FdHAEAo] S FExst 360CTE
BaTiO: Bt} €4 o §& 2N ¢F
A AL 4 gtk =d Fig 19 A¥3x
oA & F AKX PZTWe PbZr0O;9
PbTiOs¢] Adi A< vlo wel M2 o2 2
AT Z2E 71 Ed PZTU o) PbZrOs;2) %ol

r

ercive force) 9]



44
2L THAZE PbTiOs PZTU ] PbTiOs
o ol e APl Hsl gHo] Ho

A7 23342 F e Aol A
2EAERE 0§

FFAEEEA 2@ A 15 (1992)

MOCVD™ ©.2 Pb(Zr, Ti)O; #}ut-& A 235} e
& 300+ » -
8 Az HAHS Y8E FoMz g ar '/'/
Hesa 2Esad =4 5 vsusEe | P 1 )
g . Fr
Zacte) 249 Fzo WAL Aol dal < TR i 1
nSA REEAN \ 1
100 LI 'S o
Ir. Aégtg-ﬂ 0 A°\./ Fa(u)\ N
1 'Y
e; 3 =2 ° 1 \ t 1 1
=3 }é g Oﬂ A—} A}—%?} %EE Table. loﬂ ‘/} o) |(l'.) 216 30 40 50 ELO 70 80 910 00
Bt olE AM7A FFEL "3 & PbZr0s Mole % PbTiO3 POTIO;
(mole) V]| & Re e Fojr FHEgAE ¢
=2t} Fig. 1 Phase diagram of Pb(Zr, Ti) O,
Table.1 Chemical Reagents used in this experiment
NAME Chemical Formula Manufacturer
Lead 2-ethylhexanoate Pb[OOCCH(C,Hs)C,Hs ), Strem Chemicals Inc.
Zirconium acetylacetonate Zr(CH;COCHCOCH;); Sirem Chemicals Inc.
Titanium isopropoxide Ti((CH;).CHOJ, Fluka
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Fig. 2 Schematic diagram of the MOCVD appara-
tus for deposition of Pb(Zr, Ti)O; thin
films
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Table.2 Deposition Condition

Concentration of Pb(EH), ]

Concentration of Zr(PD), 0.05-0.1mol/1
Concentration of Ti(iPr), , |0.04-0.05mol/1
&1 Air, N,+0,

0.1mol/1

Carrier gas

Total gas flow rate 51/min
Substrate temperature 320-420C
l Gas flow rate carrying the droplet 0.8-1.0 £ /min
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Fig. 3 Pb/(Ti+Zr) and Zr/(Ti+Zr) ratios as a
function of deposition temperature.
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Fig. 4 X-ray diffraction patterns of Pb(Zr, Ti)Os
films Pb(EH);: 0.lmol/1, Zr(PD),:0.
05mol/1, Ti(iPr), : 0.05mol/1, Deposition
temp. : (a) 380°C (b) 390C (c) 420C
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Fig. 5 X-ray diffraction patterns of Pb(Zr, Ti)Os
films Pb(EH):: 0.1lmol/1, Zr(PD),:0.
06mol/1, Ti(iPr).: 0.04mol/1, Deposition
temp. : (a) 320°C (b) 370°C (c) 420TC
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Fig. 6 Scanning electron micrograph of the cross
-section of Pb(Zr, Ti)O; thin film deposit-
ed on silicon substrate.
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Fig. 7 X-ray diffraction patterns of Pb(Zr, Ti)O;
films deposited from different Zr : Ti ratio
in starting material.
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Fig. 8 X-ray diffraction patterns of Pb(Zr, Ti)O,
films deposited at 420°C for various Zr
content in starting material.

(a) Zr(PD). 0.06mol/1
(b) Zr(PD), 0.07mol/1
(c) Zr(PD), 0.08mol/1
(d) Zr(PD), 0.1 mol/1
(Pb(EH), 0.1mol/1, Ti(iPr), 0.04mol/1)
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Fig.9 X-ray diffraction patterns of Pb(Zr, Ti)O;
films (a) as deposited, (b) after annealing
at 600°C in air for 90 min.
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Fig. 10 P-E hysterysis curves (60) Hz) of Pb
(Zr, Ti)O; film deposited on p-type
(100) silicon. (a) electric field is perpen-
dicular to the film surface, (b) electrical
field is parallel to the film surface.
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Fig. 11 Typical P-E hysterysis curve (60 Hz) of
Pb(Zr, Ti)O; film deposited on Pt-Rh
plate.
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Fig. 12 Typical dc current-voltage curve of the
MFS device made of Pb(Zr, Ti)O; film
deposited on silicon.
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