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Abstract

We studied the effects of the Zr/Ti ratio and the bottom electrode (Pt or ITO) on the electrical
properties of PZT thin films prepared by sol-gel method. Their permittivities and tangent losses
with the wvariation of frequencies were measured by the LCR meter and their maximum
polarizations, remanent polarizations, and coercive fields were obtained from the hysteresis loops
measured by the Sawyer-Tower circuit. For the PZT thin film of the Zr/Ti ratio of 53/47,
permittivity at 10k, coercive field, maximum and remanent polarizations were measured as 952,
20.7kV/cm, 10.43 pC/ent and 4.3 #C/cr, respectively. For the film of the Zr/Ti ratio of 25/75. coercive
field, maximum and remanent polarizations were measured as 33.12kV/cm, 5.592C/cwt, and 1.5 C/cr,
respectively. For the film of the Zr/Ti ratio of 75/25, they were measured as 23.8kV/cm, 7.45xC/cr’,
and 3.5uC/cr, respectively. Our investigation into the effects of the lower electrode on the electrical
properties of PZT films showed the following results. The permittivities of the PZT films deposited
on the ITO electrode decreased more quickly than those of the PZT films on the Pt electrode. The
tangent losses of the former films increased more quickly than those of the latter. These may be
due to the degradation of the quality of the interface between the electrode and the film, which
results from the diffusion of Pb. It is also noticeable that permittivities and tangent losses of the
PZT films deposited on the ITO electrode varied differently with the Zr/Ti ratio. This may indicate
that the quality of the interface between the electrode and the film changes with the Zr/Ti ratio of
the PZT film.

*OEER, CRTRBME BRI ER * IEER, A3 BARERRT
(Dept. of Elec. Materials & Device Eng., Inha (KEFICO Eng. & Tech Institute)
Univ.) BEHF 199541 HI9H, A2 Ed 11995468210

(945)



78 Sol-Gel o2 Azd PZT wete] A7|A Ao 2% sfEATo] nAe I

.M E

2, 256Mb & o149l DRAM''*'3} olabzlql
B)3gu el P e kel 9e Az o)
. B3te] 2, Curie 257} o} Axle) £zt
o] &xoll QA Ph A HBHBATIo|E 3o Aks}
=< PZT 7} 7V 55 21 Qlch o] PzT uiuhke
DA L=t w AT zp/Ti B o) 2adu) Sl
wel g A, ARE-ESgke] =A W oleldr
275 gk Aot gE) A Ha Qo) sk=]Rk
DRAM 2 w3 dzeladlx 8= PZT 9 ut
HEAR F B v5AE, AR Bl 9’ HA
Z71ol tizk = o2 24813 Aldle|th. B8] PZT
uhake. 7p/Ti ZAdulel we} 247z wiAd8s 3
A, 25, 50 BA Wit ZnE ojx zAwm}
DRAM 9 wigPdA] vlxeld] A3RiAE QAo
dAvd et ol 3 kRA HAgAE ] s
o2 wo| s Pt v ’PHor ksl
PZT ¢}8] A3 Algv) vlsksle] gdo] gl 9
o] PZT whhE g & olvk 12y Pt & a0t
Agelmg Asdxog Bejsly, 3skgon qkxsle]
7HE3717) ojede- FAlFe] gl 28lEg Pt o)¢
2] AT Uijl fA-e AR Fast gl &
A BEEA FA A o] AMEEE Si v oS0 PAT
oke} AR} AGe) Aoz FxlglA] crack o] A}
o F¥AFoR AMgsir)ddle EAFEIE & PIT
5 A9 AT 242 crack o] w3}
A 931, Azlels, oFde] PIT whehe 28 S gl
AshE AFe] dasich 9o} e e wEshe
Fx2 BA F9 2 ITO(Indium Tin Oxide) &
71 slek Wby ITO 7} PZT whke) shiaso
221 o shidse] Pt ool ubehal wlwsle] pgT
uatel] oyt BAJo) wisl} QlExE M Har)
Slch 1o 2 B o el A7) 7hksla, 249u)
o] Aoz} 49w, Az A 71He] AHF sol-gel
e o]43le] opdel pyT uluke A2bslr]9)Ek 2
e FHEAL $9 3 DRAM ¥ 83w
2o 89 FHPGollA Zr/Ti &AM|9} slpxzoz
Pt ¢} ITO of wje}, 7bzh S22 wpuke] B2l 7]
A 5o w3lE mAglow =R AR Fulge] W
B} PZT wpte] A7) A mlale 3 34}
3,

FEE® K

o. &% 4y

Pb(Z,Ti, )0:2 UL A5 Az31)4s)
Cheng-Chen Hsueh'™' o] #| A&} wpile abzsig
o} PbzTi(OR), S} EXHEAL A|xs)7) 913 SUEA
& PuCHOp-3H0 (Lead acetate trihydrate),
Ti-i~propoxide [ Ti(i—0C;Hg), ] FZr-n-propoxide
[ zZn-0oCHy, ] & AHE3ICE 358912 2-Meth-
oxyethanol& AMgslglows, Eri2= A4 mno,) S
AR, ZRRElE e SR (H0)E AR
a3tk Pb = dAelAl £71%0] =& PbO 9] 3
2 e oFs B3] 98 Smol% & #HeF ot
a3t 0.5M PZT $7HEAE ARkl & wiuhg §
AAslriigt dxe] 4L 150C <M 10%, 350T
o4 20 annealing® 650T o4 30%-% 3o}
AR Az 9 uegAl 4de oy 1 o3

zct.

E Ph : 2MOE —|
{ 120C 7 7hd (
!

e
l Adwz 75T 747 T |

r
[ ) —

I 125°C, 3A1%F i
Ae7ka Ayt

e

Zr : 2MOL
Ti : 2MOE

: !
l PZT + 2MOE }
: : =

( IM stock solution | ‘ H0 + HNO, +2M0ﬂ
N
— |

spin coating 4000rpm ‘
Aw...__"___.__——J

12} Drying 150°C [

| |
L\Zi} Drying 350C _-}
! _

—

[—' Annealing 650C l

3% 1. PZT e A 34
Fig. 1. Experimental procedure of fabric-
ating the PZT thin film.

DRAM oJv} vl itAdvl wele] 3-8%)= PZT 73+

(946)



19954 7H BTIL2eHTH
A4 whke M3l FHsks AstEAE AMAE R
AMgElch gEjpZ ¥ Qe PZT ube] As)
A2 ARE o vpte] A 9 A4 B4 wEE
A7alz1gs 23 2 o} 2 AGUAEE Ak
A Aejel] A AT Z= [TO = Pt 7
AHEES oM, Al o] A=t Pt =
E-beam evaporator & Z#§ow ApHTFE A
20] 0.4mn ¢! dot A2 thermal evaporator =
ZaA7ch sPyAFe] w28 PIT 9 ¥ #ES
BOE(Buffered Oxide Etchant) 2 elA3le] 7]
A A& PP

Hz)re
Ao]“T‘;ﬂ i

wl ||

PZT 5800A

l l ~——— Top Electrode

~~Bottom Electrode

Pt or ITO 5000 A

Ti

SiGz

Si

08 2. AE AAE T2
Fig. 2. Capacitor structures for test.

‘0SC

C Sample C,
—

o - 3

38 3. Sawyer-Tower 3 &
Fig. 3. Sawyer-Tower circuit.

TGA-DTA 2 Ax gel o d¥AS §3o] 243
e s} f71Ee] EiHe 258 Halsllae,
71EEe Rl ARl wE FARRRe S
XRD 2t 3% dAjelsl PZT ufy szHvlel=
AR} S o ee] w1 #3243
#n| A3} FARRlvlZ oz apere) wig e w4
TS Y, sHAFe] 3 dE WA

¥ 32% AR B TH 79

upke] Sl FAlRv)Zde] whdAAl ellipsometer
5 olg3te] HuRY FAE At wbte] Ar)A
22)-2. LCR meter 3 of&] Fak 9ol 7+ 24
uie) wldE FA8A (tand) e SH . 29
37} 7ke- Sawyer-Tower &ZE Axtsie] wupate] o]
HIAE 24l o] oj¥IFAl e a2y HAESwst
. AARNE 3A

=2
A

m &% Zn % 1%

231 342 AA gel 3 PZT gel & 100T il
A AFAA 10C/min 52 £52 37154 DTA
(G2 49t TGA(ESH 45 3t 29 4
9] TGA-DTA ZAs}olla] ¥So] DTA FAlellA] 280T
ZaelAe] i wae GRS A 7]dt
Ziol, 580T ¥ WY FAw sel2FaEe Al
AL vehly, ulg go] 2Rl solzgee
alo] sZHAvl0]E AFo el WFl) 23 HAoR S
Yoshikawa®] Zsks} dxgct ' TGA o4 u%
o] FAZFERS 600°C Al A A FA7}
2Ro- oF 20% HEC).

Bample: PIT
Size:  46.9871 TGA-DTA
Wathod: 10 C/MIN
Conment: Atr
108 [ - L]
100 }-
da
I
b 2
_ .
£ i
;7 :
v
kS -‘ 2 §
08,80°C g
b ar0.Bage £
@
o
o0
7 —_— 2
a 100 200 300 00 o

2 &0 i)
Temperature (T} T8A-OTA ¥1.08 TA Inst 2000

a8 4. Az% PZT A2 TGA-DTA Z4
Fig. 4. TGA-DTA curves of the dried PZT
gel.

PZT ¢ 23} A5& dolir] S8 52 &=
£ 5C/min 2838l O, #5171+ 650T = 30%
7b Ax2|qF PZT(53/47) w=te] XRD Ad4E 213 5
off vteblict. 29 5 o4 BEo] Pt 9} ITO of s
Ao 39 PZT vl sp|2FRE 4] e
3 HZH vl E Alo] HAENEE o + Utk
HolrFn 2 AR 38 o] A,B,0,% 7FA+ cubic

947)



80

FEZ e vehiA oherka HasEw gl
o, Holzge e o] Eashe wtehe EAElx| g
wprtact 2gae] Hu AL ad, Hr)1HESA
o] FAloke ow geiA gk Y

3

* 10

Sol-Gel o2 AR PzT vtope A71A Ao 2% sttdTo nAE 9%

FiERE

Zhastach Ed R 120Hz oA 10kE 71A]
8] Z7kskch 1006k o4 0.76 22 F43%] 2715
S B 4 qleh z=Admgh 75/25 ol 2% 6 ¢ (¢) o
A= sHAEe] Pt ol ol v5-4ES ghe] 120Hz
A4 703, 100kk <4 281 & Fu57t Z71gtel) o}
gt 25/75 ¢} 53/47 & 2AME zhe webEsle
2] shAFo] ITO ol Ag-Hols v]§AEe] §43)
74431t

400 T T v r v 1.0
—s—g, [PY]

N

a

—o—¢ {ITO]

—e—tans {Pt]

—o—tans {ITO]
T~

e

- 08

06

150 |
Pt Ze/Ti - 53747
substrate a. Pt
110 b ITO
037 ‘
100 {
111’; 200, 21 Pt
! /\ 210 U '\
2 \\J\«J\f\\) /]\\‘f\\./\,\/( J‘w
0.00 : o i | L ) ! N 1 L L
24.00 3400 4400 5400 6400
a8 5. WFs ITO Sl FR™ PZT e
XRD £ 2%
Fig. 5. XRD patterns of PZT thin films on

Pt and ITO substrate.

28 6(a~c)& HFARE 1V oM Pt & ITO 7]
Tl A7y 22k 25/75, 53/47, 75/25 &l A F
79 PZT ¥t LCR meter 2 T3R5 H3IAA
243 HREY FAENREe . 287 25/75
ol 13 6 9 (a)elld sHt-A=o] Pt Ql wiwhe] A
v)-HEgS 120Hz o) Tl 341 o1l A

£ 0.1 olgde}. FAgrt Freked wheb vl
31} FAEAL X4 Zhasle] 100kE M 274

[od

|2, FAAES 0.026 olxdel s-HSEe] 1TO
ol HFaRe. 120Hz oflH w]F-d-Egte] 254 b, T
7} ZF7fael] wel RAadled 100kk 9 Fulapellid
150 °olgict FAEAlgke shAlse] Pt @l uphahe
] 120Hz oA 0.5 2 E3k8 sojt} 1k <A 0.13
o2 zA 7}aska 1006 <A 0.33 o2 hA Z7}
slodch, FARZE 53/47 21 18] 69 (b)elxls= &
o] Ptal ASol vlfrAEd FHEAZR 120H,
o Fapolla] 77F 1100 3 0.095 olw, Fa57}
27Vl ool vfAES Fastal, fAEUIS
25/75 o} FAn|olMels w2 Fule] Folel w
2} A2 Frbskdeh. EAFe] [TO Q1 A9 ]
FAdEgke] 120Hz oA} 630, 10Kk o4 505 2 A4
3] sl 100k oM BIFAEgle] 262 2 =27

200 |-

100 +

Loss Tangent [tan §]

.

Q \n

\
—

—~—_

Dielectric Permittivity [e,]

*— 3
PETUTTITT I TN AT 00

PRI
10 100 1k 10k 100k ™M

Frequency (Hz)

(a)

1200 —rrrrrey . T r 10

1000 |-
—08

—a—g [PY]

800 | —o-—g [ITO}

1086
600 |-

04

s tans [Pt]
—o— tans [ITO]

Dielectric Permittivity [e,]
/
\

Loss Tangent [tan §]

o q0.2
200 |~

o
.

0 sl £ L
10 100 1k 10k

L 0.0
100k 1™

Frequency (Hz)

(b)

(948)



1995% 7H #EFLBEHLE
800 . , . " v 1.0
| .
~— o} ~08
121 600 /
23
= —a—¢ [Pt} c
>
£ —o—g ITO] qos
é 400 b a / -
= \a\ . %
a. /\D\ Loa g)
9 S~ N @©
= / /< ~
Q - S 0
L 0t 07 T 3
9 “02 Q
a —e— tan3 [Pt} -
—o— tang {ITO]
0 A EERUIT S LA ddaibdl b Lol . sl g g
10 100 1k 10k 100k M
Frequency (Hz)

a8 6. Faeo w2 (a) 25/75 (b) 53/47 (¢)
75/25 2 Zr/Ti ¥]% 7H& Pt ¢ ITO
715l Z3Hg] PZT sbte] w4 &9 #
A4

Fig. 6. Dielectric permittivities and loss
tangents of PZT thin films
deposited on Pt and ITO with the
Zr/Ti ratios of (a) 25/75 (b) 53/47
(¢) 75/25 as a function of the
frequencies.

SR sREAFe] Ptal 9ol 120Hz oA
10k 742 dAskA A8kt 100k oA Z2A F7}
s o] ITO 3l 9= Fue] F7le u}
2} frdeAdgto] 120Hz 0.24 o4l 100k 0.8 2 F4
3 Z7lsideh 2 6 oM mRo] RE FAu|eA
Fulrpe] Z7tel we} BlfAEe] AHAasle | ol AFH
7|49 AZkA w3 wiam AERie] 5]
Hstel] g 4+ gA =3 el iR 7| Er) 3
o}x|7] welrt. olefdt AHAle] -5-& sk &
Ae dogle fllogs s} whate] 2] ¥
gt contact o= 3} AW HAle| xsle} wiute] 3
Faae] 3oz Q3 AwEAe] stz dwixgl
o} 21 g Fmie] wislel] mE sphiaiae] ofske
a3 6ellA HEe] sA=e] ITO 4l ke 3A
o] Pt al wutel vzl fAEe] Ao Aut sl &
I, Fulpel ke faieale) A E1eHe B 9l

K.

t}. ol#fFt gl Sreeniva, Yutaka Ohya %'

£ 32%8 AW £ TH 81

13141 o) o)s}® annealing St ITO ¢ PZT Ao
2 Pb o & el dojudar, ojw #4k pb s}
In-Sn ¥ ¥h8-& doA AREAS A3 7= A2
2 wyski glen, ol#g M S.K. Dey''?'e
AMEAL] M3} 8| FHES AL, e
ke Bash X aejre shpaFel
ITO &1 =pte slyd=o] Pt ol whehic) AlEA
o] wi§- A53je] vimele] S48l 9@ sprUFe
2 H3hshA) ek

1000 , r

o

/N

80O |- 4 08
—e, [Py —
%=}
s00 —o—¢,[T0] Jos &
o 2=
y

Dielectric Permittivity [z]

S - /\/\
400 - ~
- y .1
VA
—e— tans [PY] °
—o— tans [ITO "
/

o o e 402

Loss Tangent

200
o ~

~4— 00

.//
( L L "
30 40 50 60 70 80

Zr Content (mole%)

0
20

a8 7. Zr sk @& PZT upke] 10k olA19
A ET 34

Fig. 7. Dielectric permittivities and loss
tangents of PZT thin films as a
function of Zr content at 10kk.

w3 2% 7 & 10kk A A" 7 249 v
FAEH FHEAE el Heoid], Zr o] F3 =
Arial 75/25 &l sEASe] Pt 9} ITO 2l %9l
7t 418 363, 318 ©lgled, Ti 7F FH]F 24
ol 25/75 oAl Zbzh 282, 150 28 Zr o] E33)
FA| R 2R §AEE vl =A% A
Alal 53/47 oM 2+ 951, 505 2 Ul f3E

% 7Kk RSN AT Pto§l bl
A ZAMI7E 75/25 <l dbgbe] sEF & kAl 0.26 °)
slom 25/75 o 2Au|elA sk 2k& 0.029 9 3%
€ 7Hcl sHEREe) ITO o v 7= nE &
Aulel|4] -] Pt 4l ubdel vlsl f31E4igko]

(949)



82  Sol-Gel ¥o2 A=E PZT wtete] d714 4o 247 F-ATe] viAe 9%

29, o] QAL Slel AFE Hlsh o) ITO 3434
& pt S Boke ARSAe] detsr] B
PEL

Zr/Ti=235/75
(a) xr
-
P
~d
(b) v Zr/Ti =353/47
(©) % Zr/Ti=75/25
»
~ ‘ ;
2 7. 3
E Vs
& / Q
N =
] 2
an * ~
41.4 kV/em div

Electric Field (kV/cm)

a3 8. Pt Aol Z2% Zr/Ti 9 ®7} (a)
25/75 (b) 53/47 (c¢) 75/25 <l PZT u}
ool o] 4]

Fig. 8. Hysteresis loops for PZT thin films
with the Zr/Ti ratios of (a) 25/75
(b) 53/47 (c¢) 75/25 deposited on
the Pt electrode.

1% 8(a—¢) & 60Hz, 12V, ,9) &7} st dlelA
sR-H=o] Pt ol ZF 2Adnle] PZT ¥hehe Sawer-
Tower 3|25 o]f3sle] FH43 o|¥FAdgelr}. 11
9% olH{IATRE AR Zr/Ti o ZAwld| uE
HA BT AFET SAARES 104k X FA
Axpolc) 53/47 1 FAulolA FHES7HS 10.43
pCler, AAFEIES 4.3 4C/on 22 HAE 1
I, gPAIRES 20.7kV/em 2 7P AR 3h& Bk

B 1S

25/75 oA HEFEE 5.59 1 C/e, AFEF0I
1.5 C/er, 3PRAAIE 33.12kV/em o1, 75/25 ©llA]
B HUESgel 7.45uC/an, ARkl 3.54C/
crr, BAAIGke] 23.8kV/em oIgith. & A7} 53/47
ol PZT upehd Ao F537 2fF-ESe] Hdgs 7}
2, AARE AR 7

T T T T T T T T T 50
14 —e—E,
—O0—Pga
—o—p
12E ' 4 40
10 ]
€ " g
c&r S
S : S
3 B ./ é
o o - 20 -
i
4 |-
- 10
2L
[s]
PR R L 1 1 1 B I U Y

0
0 10 20 30 40 50 60 70 80 90 100
Zr Content (mole%)

08 9. Zr % wWEd wE pZT vt E53
A
Fig. 9. Polarizations and coercive fields of

PZT thin films as a function of Zr
content.

w3 25/75 9| FAWE zh= ke HolEs A
FEFgo] 7 2o, dddle Adghs 7HEch
I35 2 DRAM o $-83b7] 3 A’ & e
@ (Pr—P)E ZH= ZAJWIE 53/4T 2 71 3L 6.1
pC/en o1leh. wigpdAdenale)] 3-83l7] $sir=
DRAM 3 witzAde) 2k @ .o} Embde] o3t
a2 AR aTFEER ol AR A=
75/25 ©] AR 1 gk 3.95pC/en oItk 25/75
o] ZAWE zZh= wpke A} tE =AW v
R mvg 5Hbs 8 AR AV s7EER
v eele]  AgEx ¢an, PEEE 2}
DRAM 9] $-8-lx AH3skA] ¢t 18122 DRAM
oli= 53/47 & ZAmIZE A, v e v
& 75/25 9 FAdu)7} Agteic

(950



1995% 7H ®EFLPEHLE

V. 48

Sol-gel WoE 7|Fo] Yl Fdo] gle FH9
PZT uhg 7] % dx8] 27¢ TGA-DTA &
71z gel 9] 984 B3l ¥jPon =i XRD
2] $Mog sp|aFE2 A $lE 100% H2H 7}
o|E o] A uluhg sl ol e &
el dAe] 221¢ g9t 13 drying 150T 10
¥, 23 drying 350C 20%, annealing 2 650C
304213t

E o 1.PZT we] 4714 545
Table 1. Electrical properties of PZT thin

films.
| - =4 ;
7T Qc(uC/an) . Pl pC/en) | Ece(kV/em) & (10kHz)
C95/75 409 . 15 331 282
53/47 | 6.10 4.32 20.7 952
75/25 | 395 | 35 | 238 | 360

<

o]¥=d3} LCR meter 9 %S E3ld 7%
Zr/Ti & Aulol upE A, HoEs e
FAES] 2 okt Zrh 53/47 9 FAMIelM=
FHEUT Q'c 3ol Ao, 1A AL FAARE
7o) a3 E2 7988 878k DRAM o &
|3l7)o A3 2ARIYE & o doH, 10kk N4
o] A8 952 & 50, equivalent thickness
{tox) = Z4ksP 2.39mm ol 75/25 9 ZAdW]=
JfPREe] ol mA ke AR e Bk
7R vEEAde e 3-8 H3tsi) x|t
25/75 & ARl Ao AR 7 OE 24
Hlol| misle] Faubde] folalA] dar ¥ Q'c
#H= 2o} wime] fol AR AH-E & 5 otk
Fopre] Folel whe vlAHES] i FAsAle)
7 M ASE PZT wbtae] $£4) 932 contact
I AFFER FEgoz Qg AWEA Y 25 ¥
Ao 7=, 53 sHHFo] ITO < 2k o
gl g9 ITO ¢ PZT AMMe® Pb 7} 24 &4ks
o] AHEA o] Azl oz Pt Aol uls] FHUE4
A8 549 Al oS F4%E 4 5 3k
= 3HASe] ITO o whtellA] Falr) 120Hz o
A ke 2 271 o ARz} 25/75 1 ubeke A
£Alo) ZA Zhashd, 53/47 o FAd|E A A

F 32 % AR OB TH 83

skar, 75/25 & AW FA 2ok ZloF Kol
AREAR-L 2Aulol mja} ofgke whz ZoR A7yl
o}

¥ B 7 19939 Qlshsta o) X9l o)
o] 48 Hdgich

duEH

[1] Laureen H. Parker and Al F. Tasch,
"Ferroelectric Materials For 64Mb and
256 Mb Drams”. IEEE Circuits and
Devices Magazine, pp. 17-26, 1990.

[2] Reza Moazzami and Chenming Hu,
“Electrical Characteristics of Ferroelec-
tric PZT Thin Films for DRAM
Applications”, [EEE Trans. Electron
Device, Vol. 39, pp. 2044-2050, 1992,

[3] L. E. Sanchez et al, "Process Tech-
nology Developments For GaAs Ferroe-
lectric Nonvolatile Memory”, Integrated
Ferroelectrics, Vol. 2, pp. 231-241,
1992.

[4] S. Sinharoy et al, “Integration of Fer-
roelectric Thin Films into Nonvolatile
Memories”, J. Vac. Sci. Technol. A.,
Vol. 10, No. 4, pp. 1554-1561, 1992.

[5] I K. Naik et al., “Improved Switching
Endurance of Lead Zirconate Titnate
Capacitors For Memory
Avpplications”, Integrated Ferroelectrics,
Vol. 2, pp. 133-145, 1992.

[6] G. Teowee et al., "Electrical Char-
acterization of SOL-GEL Derived PZT
Films”, Mat. Res. Soc. Symp. Pro., Vol.
243, pp. 256-261, 1992.

[7] Chi K. Kwok.Seshu B. Desu and Lee
Kammerdiner, "Effect of Thermal Proce-

Nonvolatile

ssing Conditions on Ferroelectric PZT
Thin Films”, Mat. Res. Soc. Symp.
Pro., Vol. 200, pp. 83-89, 1990.

[8] G. Teowee et al., "Effect of Zr/Ti
Stoichiometry Ratio on The Ferroelectric
Properties of SOL-GEL Derived PZT
Films”, ISAF, pp. 424-427, 1992.

(961)



84  Sol-Gel Wo2 A€ PZT Wte A714 Hdd 243 dFATo] vAe 9%

[9] Leo N. Chapin and Sharon A. Myers,
"Microsrtucture  Characterization  of
Ferroelectric Thin Films Used in Non-
Volatile Memories- Optical and Scan-
ning Electron Microscopy”, Mat. Res.
Soc. Symp. Pro., Vol. 200, pp. 153-158,
1990.

[10] Cheng-Chen Hsueh and Martha L.

Mecdartney, ” Microstructual Evolution

of SOL-GEL Derived PZT Thin Films”,

Mat. Res. Soc. Symp. Pro., Vol. 243,

pp. 451-456, 1992.

S. Yoshikawa et al., "Piezoelectric PZT

Tubes and Fiber for Passive Vibrational

Damping”, ISAF, pp.269-272, 1992,

S.K. Dey and J.J. Lee, “Cubic

Paraelectric (Nonferroelectric) Fer

e X
F % BEAR)
19754 29 MEUSR B4F

g3} Z9)(B.S). 19774 29

=3l AEF} E4
(M.S.). 19884 12€¢ U.S.C.

AzRgetet F9] (Ph.D). 1987
3% ~1988159 Oklahoma
State University wh$-a4= 19883 129~1989
3 649 UCLA Device Research Lab. <74,
1989\ 8% ~1992vd 29 AR} /) FubEAldT
2 A 19924 3¥ ~<lEtdigta A&

s} Zp,

FEHE 5

rovskite PLT Thin Films with High Per-

mittivity for ULSI DRAM’s and De-

coupling Capacitors”, IEEE Transa-
ctions on Electron Devices, vol. 39, pp.

1607-1612, 1992.

K. Sreeniva S. et al., “Characterization

of Lead Zirconate Titanate(PZT)-

Indium Tin Oxide (ITO) Thin Film

Interface”, Mat. Res. Soc. Symp. Pro.

vol. 200, pp.255-260, 1990.

[14] Yutaka Ohya, Toshinasa Tanaka and
Yasutaka Takahashi, ” Dielectric Pro-
perties of Lead Zirconate Titanate Thin
Film Fabricated on In203:Sn Substrate
by Sol-Gel Method”, Japanese Journal
of Applied Physics, vol. 32, No. 9B, pp.
4163-4167, 1993.

[13]

A

* Z X(F&ER)

196611 29 <lsidtm S-8Ee3tel £1I(B.S)).
1994 849 Hgtn A FEFTE SHU(M.S.).
199491 0¥ ~AlA 3 7|eATFA(HAEHIEED . T
Fop= AFEAME- AlA o s At

(952)



