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Dielectric and electric properties of Sol-Gel derived
PZT thin Films
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Abstract

Sol-Gel derived ferroelectric Pb(ZrosTioss)Os thin films have been fabricated on Pt/Ti/SiOy/Si
substrate. Two kinds of fast annealing methods, F- I (six times of intermediate and final annealing)
and F-1(one final annealing after six times of intermediate annealing) were used for preparation of
multi-coated PZT thin films. As the annealing temperature was increased, high capacitance could be
obtained, for instance, 2700A-thick PZT thin film annealed at 680°C had a capacitance value of
approximately 20nF at 1kHz. In addition, it is found that the dielectric constant is a function of the
perovskite phase fraction. In case of F- I method, PZT thin film had a remanent polarization(P,) of 8
~15uC/em® and a coercive field(Ec) of 35~44kV/cm according to annealing temperature, whereas
PZT film fabricated by F-I method had as high as 24~254C/cm® and 48~59kV/cm, respectively.
As a result of measuring Curie temperature, PZT thin film had a range of 460~480C by F-1
method and more or less higher range of 525~530C by F-1H method, which implied that different
microstructures could cause the different Curie temperature. Through I-V measurement, leakage
current of PZT thin film fabricated by F-1 and F-II methods was 64nA/cm® and 22pA/cm® in the
electric field of 100kV/cm, respectively.

Key Word(ER &0{) : Sol-Gel Process(&-E ), Ferroelectric(ZFRA4f), PZT Thin Films(PZT &t
8f), Fast Annealing Method(Z< @X{2|%), Dielectric Properties(RXEA),
Leakage Current(s—M &)

LM = o}, olw] utebglzt M@ dupelast AAH T 3
o 53 AR AA g eI 299 54
20043 bulk Fehe] Z#HA AE7F AwE o o] $% ZHAA PZT wre HAEE 2L ulo]
B WEHx e wEze AEAgel =1 A2 Z2AA EoldlM A B FHNEVe g
half-select A 71QA% =gl &4, fatigue ¥ 48 A7ED Qe
W22} set o EAWY) A7 o} ¢y wy - PZT ¥k DRAMO| $8Ys7) geixie ¥
HIE ARV A8 2 AHsle ZA= & FAE, W FEAR 2 2o P4 59
buk ME7L FAH =L Aeolct dA 2} ANH Ao 27HY, sy ATe) Ny wEA
Wzel AlolEe] wutom A4A vz = TR A& F e B eRAdAMY AxAE
AzZ3AY, Si CMOS 3294 #%A vz = o] a3t wWBN B dApdiMEe £-dyoes
EE HE9 479 EAHE AZs yrta gle PZT #ehg 38y, £& FAIYEE 2t x9
@ whgte Az galel dAAN FHAHe
+ do AR radrs W (fast annealing method)& Al 349
ARt HRad 2EhEdTe HYE $LEEE 49 Tmin o402 woe
A5 - 199654 114 289 dAeste Yoz DU ojddsts] fE
AAEE 11964 129 199 of Hlgel ¥ olvzt ylwn wuiztel s

251



e Hislslg 7ge &4n HLEFy &
Ag H23E £ e AW 7HATD Qo] wx
AZHANN Bo) AFEEHT Ut} PZT wEbAl ZA]
FEExgde HolzFEa o] HAHE A9
2xgds wed AUYIo2ZHN Ho|zgz=4
o AL AAstn HEZA7l0lEA Y] HAPAE
3] AL @Y HEZ A7l EAS HA
shed AnA%|g PZT wete wiexR wRek
Ao 837 deHe we FHLEN 878
o Egxesrt FoW Si-dolne £y zTav
YL wHalAlgd B ol kel o3 FEHF ol
AeEe 5 4 20 AW 2 dge gdEA
& Aajslr] QB wEAFPd 857 9
Me ¢ THLES "eFelt. was & d7
e Ixg =AY Wi wE PZT ety
uAFE 2 ddo]l AHEo] ety fA ¥ A7

A S4ol wlxE Aol tstd 2Abshe

N

2. Ayuby

2.1. 3EE PZT & % diote] H=

E A7 AzF PZT B2 Kim 5 Vo]
B33 ol o ZrTiel Zul7) 52:48 =A<
PZT <& 437 Hdtd EREFAZE  Lead
acetate  trihydrate, Zr-propoxide %  Ti-
isopropoxideE Alg3lgon, fuE2s TR
4 2-vEAdEEE AFRIIAT. EX A Pbe
Fahe H A7) 938l Lead acetate trihydrates
AZH 2 5wtk < Hrstged, AF #AxF
110THAAM 2-wW A gEo] 5o FAFEHE £
HEaok Zr 2 Ti Aol s o2 B 9713}
9] glove boxoll A 3 F L ol® do|HER]
EAcAc (ethylacetoacetate)?] B8 2ad 7y
ol st 7t4Es) 2 SENEEERE EFo
t7)1Fol A AR dEY Zr-Ti EFREFAoI=
E E03lth F 898 47 St &£F
3 &, 28 3y 98s gsid AL B
refluxing 9o, Eo2e 97140 dEYols
0.038¢ #H7IstAoh 7t E adUAg $s)
DCCA(drying control chemical additive)?] <!
g 2 F(ethylene glyco)g HA ¢FZAlo|=
of tia] EHIE 18 Hrtete thr]FolM Y
03M PZT Z®HE& £& 449 7#eze
MIM(metal/insulator/metal) A A} +2& &4
3l7] YA W F(platinum)e) dEHFT o2 1500
A FEHol 3lEe PYTi(1000A)/Si02(1100A)/Si
(Test&, Silicon Quest International Inc., USA)

EEE-AYoE AZS PZT Yoo 48 2

%4 34z

713E AHEERY. J-ZHHS ARSI S
E 4em/minZ 63 BE|ZE o o 2700A Y uh
g AP en, dXEr 245 oF 300TC
/ming] F&£EHE WHE AMEssch DTA 24
ARV A8 #7189 gdE A% =g

= 30T, HZTEAY - HEZZXAF)9
Bl 640~700TC el A 3t on, F-1<]
A et HFEAHE MBI IZH
oz duto FAE 2HIYeH, F-IE 3
X2 g uEdld ZHEHE F 139 HFIHE
5ot}

v
)

A
o0

o L.
T
[
hwy

&

19

PR o ofy O

Mooy m

22. 24 ¥ RE-M7IH E4 HI|

Ixg &% % Al7te] wE uhuke] AbAo]
5 92 g9d HEzAI0ERE A £ U=
A Z24& HAFE7] Y8 9ehe] XRD(CuK
30kV, 30mA, Philips, PW 17100 #4& 34
dAg 2xo ME o] HFES BHEY] Al
o SEM(JEOL JXA-8600SX) ¥4& sty

FEHFoZ Pl 1500A8] FAZ IZEFHY
Ae PUTYSIOYSE 718E AHg3std EXe =4
of wet o 2700A 9 PZT wehe Axg & AR
A= 2 shadow maskE A4 IAFZFHo T Pt
A7 Immz Z&3ss Py/PZT/Pte] 7hs A E
A=At #ete] A M-8 %(capacitance) %
V EA& LF Impedance Analyzer (HP4192A)
g AE-3te] &3t AL HFL 0.1~100 kHz
o Futg WA EAFsPen, C-V BEAL
1kHz¢} F oA -10V~10Ve Hleo]oi g oo
A EAFsHY. £, Modified Sawyer-Tower
Circuit'”g o]-§38te] 60Hz, =6Vl <17AYs}ol
A olEEALS FFEAt F2AAM 600C7A] &
238 A LCR meter(HP4263A)8 o] &3le] £%
of WE FALHIE A FIULEE FA
it "k A7]AH EX 2 High Resistance
Meter(HP4339A)S AHE-3ta] 0.1~40V 9o sty
Aol FHHARE FHIAL, FH9 AAH %
S x}al7] 98] Copper Shield Box QtollA &
Ao

£

M O o

3. 21

¥
Kl
(L

3.1. BAdXe 2xe

o] IYHE V|BE AMEEY F-OI¥HYHo=z
PZT utete] 2 ~vl0lE @A A7) 93
o dHYPLEE 700C7HA F/HAARE ITO 7%
Z oY ie dolzgzaz Ao A=Y

Lo
for
]



AAARANZEE A Vol. 9, No. 3, March 199%.

=
€
po
‘3", 680°C
N7
£
2
[~ o,
£ | | e60°C JU
LA
’\ 640°C j\ 4,J Substrate
20 25 30 35 40 45 50 20 25 30 35 40 20 25 30 35 40 45 50

20 (degree) 20 (degree) 20 (degree)

a2 1, F-T9Yel o8 o8 7kA 20X g xe|d PzTwwe] X-A A A

(2)2700A HHEHEZF 98 &%= 4000), (WFT G 13004 w= a8:
(c)2700A ¥reH(Ezr Ex8 25 37C).

Fig. 1. XRD patterns of PZT thin films annealed at various temperatures using F-1II
method ; (a) 2700A films(intermediate annealing temperature : 400C, 10min.), (b) 1300A
films annealed at different intermediate annealing temperatures before final annealing
and (¢) 2700 A films (intermediate annealing temperature : 370°C, 10min.).
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Fig. 2. SEM micrographs of 2700A PZT films annealed at various temperatures ; (a) by F-1,
and (b) F-II method, (c) Cross sections by F-TI method.
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Fig. 3. Growth mechanism of rosette formation
process.
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Table 1. P;, Pmax and E. values of 2700A PZT
thin films according to annealing
methods.
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