120 AWt & BST utuhe] SAlel @ah oA+ HEES

ok

M 96-33A-6-14
2ZAw3lol wk2 BST whate] EAo)| 33} oI

(A Study on the Characteristics of BST Thin
Films with various Ba/Sr Ratio)

MR ET, EEMKRT, FHE
(Jeong Seon Ryoo, Seong Jun Kang, and Yung Sup Yoon)

(=] ot
= =

ool ol A= 3pekokeA] Alolr) o AAH o R 998 sol gel g o]83led, BST #hehe] Ba/Sr &
ApE WslAAz L 7 BAIHEN Al dTsldrk Sol-gel Wo® BST ubahs #l|zkelr) g3t i
baruim-acetate, strontium-acetate “Z2]1 titanium isopropoxide -& Al&sle] TG-DT #4434 XRD &
AL Balo] sol -gel W& o]-8gF BST wbohe] 34 718 3143 3 8%l sol-gel 5745 o]-4319, Ba/Sr
228178 2¥zF 90/10, 70730, 50/50, 30,70 <l BST ulvhe pt/Ta/Si0/Si 713 £le 23k planar tvpe 2
capacitor & AzRFsled 7 BAS wlslelel Ba/Sr ARl whel BR8-S 287 o4 395 7hx]e] Zke- b
Av] 5V ell4] AR e 23 oA 220pVer o §hS 7HITh oG Aulel 2sbd Ba/Sr 2AM|IZE
70730 2l BST(70/30) vteto] Ab&oll & capacitor Aedhel] H-&s}l7ellt= 7} 5231 417]% EAIL 7pddv)
BST(70/30) =Fere] 1k o4 wla-dEa 3 zhzh 395 9 0.045 o|ddar 5V elx] 4 #Fues
2.3 om o]l

Abstract

In the present study, we have studied on the characteristics of BST thin films with various Ba/Sr
ratios by using sol-gel method. Barium -acetate, strontium-acetate and titanium isopropoxide are used
as starting materials to fabricate BST thin films by sol-gel method. The fabrication conditions are
estabilished through the TG-DT analvses and XRD measurements. BST thin films with the Ba/Sr
ratios of 90/10, 70/30, 50/50 and 30/70 were deposited on the Pt/Ta/Si0./Si substrate with the
estabilished sol-gel process, and their characteristics were examined. The relative permittivity and the
leakage current density at 5V vary from 287 to 395 and from 2.3 to 220up/cm, respectively, with various
Ba/Sr ratio. Among the films investigated in this research, BST(70/30) thin film shows the hest
electrical properties for the capacitor dielectrics at room temperature. At the frequency of lkik, the
relative permittivity and dielectric loss of BST(70/30) thin film are 395 and 0.045, respectively and the
leakage current density at 5V is 2.3ud/cm.

M8
* IEgR. BUET QE/AZE
(Hyundai) 2 Seujetol4] ukwA Alede] wjES AlE AHx
EER, AR BT AL 7h glem, oL FellAE whEA vise], 5] DRAM
(Dept. of Electronic Materials & Device Engi- o sl & 2Epg sl gl &#a AMb o
neering, Inha Univ.) 16Mb DRAMe| 2 askgelu}, ofo] 64Mb
%&Bil()‘[)iﬁﬂﬂﬂ)ﬁ. "Fxé%ioél9ghfﬁd}§20[] DRANI 91 oo}:)\K.E /{] Z}Ele\ijl 2561\/“:) Il}— l(}b

(1070)



19%% 68 EF¥ISeH

DRAM 9] 7% olfeid A FAYL -z
Z7h7} o)X lrk. ek of 3xdvict =g Al
o] A%l DRAM o] s wet AUsrst S7t
317) ujipel, wimeld o AMvFed WA A9E
die 2718 §A317] $15ted AalA wolajol e}
HoCell WAL e AR AAEL WA g
bt wpebs AsAlE e ARk dsuEE f
s17] glaled, 2 Ast 4 WRE sl Ay A
odubg daw s sdck Hx AP WEASR

AT 2E Aol vlfAEe] w2 M=EE 2% ‘%
doduto s Algshs Hielo|ek Y DRAM ol 443
4 gl w|gdBo] H& BAZE perovskite TE2E
7= A A Alde) EAS E 4 el

E3] DRAM 9] capacitor Aoiuke & §385%
o A AFS Few slug O 348 918k o
e7bx]  ARRAEe] ATl gkt 0%

(Ba;-«Srx)Ti0s (barium strontium titanate, BST)
7} DRAM $-8- 7} F5wkar AspAlE] EA
ojtl. BaTiOsell Sr E3tsbd Curie
2% (BaTiO; 9 7% 12070) o] Algo]s shvkal
7y} vepde}l aeje 2 BST & Ba/Sr
o] we} 7FegAAake ] AbgAAfe g wWEbt s
SEREEEERIE
oFgh ool gol AgEel A 4 gk

BSTi= Pb A 7 Alsh nlastol Afas

SIA=N
ART-

o

(strontium)

SECE

S5tod,
S Wgl, % AE Aol 5 o}
53

wk

£7] 4l Fgolr| wiie] 717s= Ph & AHSst
2 eroww el 1 dFrt &hbs] AlgsEa gk
22}, Ba/Sr el uhE BST wbuke] clekdt HAddl

gk A Ao alEe] A
f3}el] HulEe] =l glck

;L%ﬂ BST whre ®WE gputtering |, laser

FI0E o g AabElel gko sol -gel WS
A= olg- Hdrh oli= sol-gel el A
21 5 AR EHe oF 5 gl Al
&h= »4*431}7} 01‘371 o) Felch. et
sol-gel W precursor 7} EAlpEEols EgkEr] o
ol whel 2AJE W77} Belslra Al w
2 BST uiute] B4 AR shzdlol vi¢ 83
Aoloh M weba] B Aoz 2 Al #F
& sol-gel W' o]8ale) Ba/Sr zAu|E W3}
A7|HA] ZAdRlol| upE wiehEA]e] wistel] dis A
aholck

caof ST Bivrel 2

-71

ablation '

o do

KX
S

2

E=l

upigel

*j:

B3 HE AR F6H 121
M. AlgaH
BST ks sol-gel W2 AAshr] ¢k &4
Azl Mg a9 1o %E}LH“D}
Barium # strontium & &FWEAEi= 7o) A&

3l Fdslr)el #4]%  baruim-acetate(Ba
(CH3CO2)z, Aldrich)<} strontium- acetate
(SH(CH1CO»)s, Aldrich) & 2H2} ARg-sledrt

Titanium 9] % 2A2E F9lo] &3 A 4
el titanium isopropoxide (Ti I,O(JH(LH:z)z]A,
Aldrich)&  AMg38ldct 8vl=e
(CH,COOH, Junsei) & AM&siich 2
thanol 2] 4& AY-L lead acetate,

acetate 5 acetate 7|2 &vl2E AR 5 9lvhw
o4 9ok barium acetate @} strontium

acetate 9 &vfEi HAFFsic) ®3F acetic acid ®F

acetic  acid
2~methoxye-

lanthanum

S AREE ASelE e okAde] Helxlw AoR
Holmug  olAEl B8 wHEr] 9] ethylene

glycol (C:HsO2, Acros) & H7FgE2 ARgsisich &

M e AeRge a3 Fe| el
o5 qlgtsbr] el el ARke slsto) Ala ¥

21719} glove box WellA] A=
| Aepe]
acetate ol A=) acetic acid &
oA oF 3047t 7dsto 1 3=
b HEE g F oF 70C 7 Ak

H|7}

Ao} zla=igict. W
2} strontium
< o2, 90T
Lo gof Ale
=
barium 3} strontium 90/10,
70730, 50/50, 30/70 ©] E|%Z barium acetate %}
strontium acetate 2] & 2AsI, BST(90/10),
BST(70/30), BST(50/50), BST(30/70) 8-<Ho] 1z

Sy barium acetate

Ao
Tl
_l?_ \:!_}o \g

[=]

A7)
2l mole zrz}k

52 sldul o & titanuim isopropoxide  <F
Aol Azbsl ool E3HE F ARReliA] 3084k
AolZch o)} 22 AS FalA A Lol

ethylene glycol & #7}gth Ethylenc glveol & A
57} wh$- 7] Wil vF Heks vk A9 spin
coating 31717k oJ&3A| ok wpeba A Ao A
AREE acetic acid ¢} ethylene glycol 9 ®]7F3 0 1
ol 05M L-allo} HEE acetic acid & F7F2 718}
ok o1 the 90T oA 1A1xE <k 7tdEke] acetic
acid 9} ethylene glycol 7] Hkgo] dofi}nZ 3}
or}, wiubo FzE Gol-g gpin-ceating ke AAt
9

gy §E 7|ReRE Si(100)/Si021000A)/Ta



122

(200A) /Pt(1000A) F2% 7l 715& AMg-sksict

(

! Ba-acetate + Acetic acid-
Sr-acetate + Acetic acid
d
f 8

Acetic acid, %
thylene glycol &

e—————-

0.5M solution

o A8 84d : EY col =3 1

a2 1. BST 29 A4 x /e
Fig. 1. Experimental procedure of making BST
solution.

Mz 9 B3] of3ke Folr| #I3}ed coating *
1€ clean bench WellA AAlsl3]c)

Ag 0OBOO

co00® //,7
l // s
| BST //////Jl
! Pt | //// l
§ Ta /
| Sio,
g si

22| 2. BST slsAe] 2 A=
Fig. 2. Schematic diagram of BST capacitor
structure.

Coating Aol 0.2¢m filter (Gelman Science) &
o]-gslo] Lelo] o} e BwEN FHES AMAR

E olgsled upatg A o
A mbeke hot-plate 5 ARE3ke] 3004 1087F
drying =903, coating 3 drying 2d-& wME31A
t}. 2 F tube furnacelM $£&&% 5¢/min o2&
750°Col4] 3047 #% annealing A Agle] wled
o Aa-g Ak olef o] AR BST =it

k8 spin coater

<o
S =

zAwiste] whg BST w4

(1072)

=3
4

o #E A+ wRE 5t
2o A7 0.4m2) silver dot & thermal evaporator
£ o|g3}e] Z2AA planar type o FAHAEE A
Aatedct. AzkRl upate] AEREE 27 2ol viepigich
foAo] 7% B ket AAle] g Falaa,
ol EWE dxz] 2L HHI] H3ted TGA-
DTA #4& AAsielz, 243 84 #4& Hstod
ubzk XRD 2 o) gsigict = ko] FA A vl F2
TS ¢)sled SEM & o] &3isdeh ArH B4 ¥4
o2 ICR meter (Stanford Research SR 720) &

olgsle] Falrol WE FHETH £4S FPshd

Parameter analyzer (HP 4145B) & Algsle] 4
AF 22X ssdck
m oAy EW Y DY

BST 7% gel 9 Q&3 #H5& T8 A3t
05M solutiong 80CellA dAzlsted gel 3 AR

% 10C/min o $2%58 754 TGA-DTA
(Thermal Gravimetic Analysis Differential

[e]

Thermal Analysis) 4% stdel 2 235 19 3
of uediglel. 100C olslelld] DTA FAe &4
peak ¢} TGA 49 T8 i 8ulje] Fudel| 7]
olgk 7o}¥, 300C~350C Zelldl DTA FAle &
o peak & AF 718 Ut 345 AkEHEe] ¥4
o 23 Zelx, 650C HFolld AAE e peak
= perovskite A2 34 o Fel Zow gdEch o]
9} xhe B Hub= BST =2hie] dxz] 2208 244
k=] Ahastedch

4 T
- °

Teaperaturs Difference (T

'
-

{
3 0
Tomparanrs [T TOA-OTA V1.0 T4 Inet 2000

22 3. 80CAA #Axg BST 4992 TGA- DTA
il

Fig. 3. TGA-DTA curve of the BST solution
heat-treated at 80C.



199%% 67 EFILeEH

BST ulte] A4sE dolnr] f)ste] npahs 34
A7) F 750°C oA 3082 dAe]sle] wiek XRD ¥
A& AAskEoh BST(90/10), BST(70/30), BST
(50/50), BST(30/70) =t=e] XRD 4 ZiE 1
4 o Jelgdek B% perovskite A2 el
peak %+ Heolx glev), BST(30/70) wtete] XRD
22 Ailol|x]= secondary phase ¢! pyrochlore
phase 2| peak 7} =] AR Fzol4] AolHe]
AL Aoz ATE ol FABEAN FUAHFEE
BT Aoldg slAE Zlod o=l
Ba/Sr ®]7} 30/70 o] perovskite Aho.g2eo] wo]2
=7 7 EEE 4 lch

wgh

32 4. vkt 2A4e] BST =Hete] XRD £4
Fig. 4. X-ray diffraction patterns of the BST
thin films as various compositions

Pt/Ta/Si0x/Si 718 $loll #|agr BST wupate
SEM Apzlkg ¥ 5ol vehdel 2§ 5(a)ell vebd
Eabalolx BERo] BST wbukd wdo] gz wi+
AWE 7Z2E ®olw grain size ¥ W 0.03 #m
2 sl 23 Sbhyel ®el whd ARl
Ellipsometer (PLASMOS SD2300) & ¥3le] &
upzre] Tl <F 4000A o]tk

I 6ol 1k olxe] =4 wslel] W BST =p2f
92 $d BAL dehigich 2 A"z BST(70/30)°]
395 9 7K 2 #3HEE ®3ler, BSTG0/10),
BST(50/50), BST(30/70) & +4E & b2k 374,
337, 2872, #H33ks 7+ BST(70/30) & F42
2 24 wiFe wel zhashe AL Byt
Sputtering Heo® A" BST ahete] AL,
BST(50/50) o} #xze f4ES 7kalcka ®usw
oleh !¢l el B adFeld  Ald et

=2

=

Er g
TR

£33% AH F£O6K 123
BST(70/30) <4 #Hxe] #4HES viellz g9led
ol= M. Azuma £'''e] MOD HPH-& ol43lo] )|
2kgk BST uhete] Avel= & dx)sh= 7o) Peng
o1 o) =2olM % BaTiOy wHakel Sr & X7}itel
w2} Curie 2%7F 34C/mol% WIE2 ztHisied Sr
o] 30mol% <! BST(70/30) €] Curie &= °F I8
C 2 ¥aEs 9ok

upeha], B odrellA] AlxbE BST(70/30) o] A2l

2] AFAA A AAAN sk 23S 7= what
ol  BST (90/10)02 /34,  BSTG0/50),
BST(30/70) & ArAakls 4% 4 ook g,
BST(90/10), BST(70/30), BST (30/50), BST
(30/70)8] fA£ALE 22t 0.045, 0.045, 0.047, 0.048
2 2A wslel tigh o| &2 st 4 vk

(1073)

(a) (b)
38 5. BST(70/30) whie] (a) Fwdst (b) w4
SEM Apal
Fig. 5. SEM micrograph of (a) the surface and
(b) cross section of BST(70/30) thin
film.
500 :HX 020
z wor ,,/"\ 218
§ xor \- g
g —e— Dielectr:c Conrsiant Q10 ;
E 200 - —O—Loss Tangent 1&')’
& k

s " ¢ L X "
g 30 Ll 50 A0 10

Sr content (Mol%)

L
2

32 6. okt 249 BST el 41 54
Fig. 6. Dielectric properties of BST thin films
as various compositions.

BST(90/10), BST(70/30), BST(50/50),



124

244w

BST(30/70) v2te] AR ed 29 7o vehd

ek 5Velre] BST(90/10).
(50/50), BST (30/70) 2] A%

2.3

BST(70/30)

o
=

Hojrk JEM o] Fof|x] BSTR0/70)2]

_n__

ol

i o)

il L}bMD%
AZgHS Ve Qloh ol BST(30/70)

.

& leakage mechanism
o, 1%
phase ,,] o BEO 7T Ag,z}ﬂr,},

BST(70/30), BST
AgdsE 27 220,
120, 21pMer 02, 71 =& 8488 el

) o] 71 k2 3hs vieRilo, o] 24
7 AN 7L el el Flehe FAlE

A
o
;\4 4 drl]

JL

gl
FAE

vk =)ol wisl ofifo] the
241 Wlgle] “]rt Z0) wlsloll wkx] o

7} ¢}
S 7] wjEos A7E=
2] Z3ollx] X pyrochlore
ole] Aekgl flql 174

o

#1912 XRD

& Slal MRS AR 2e oAt SeElefe} @
7o)}
w? T Y T T T
E) ESCUINE
Lo : 1
E 537G
3 .
z -
T otk BT
H L
§, - //,_//'%m) ]
27F e
3 it
3 e
-
ol ; 2 5 :
Appiied Vottage (V)
% 7. ookt 24e) BST el [V 54
Fig. 7. 1-V characteristics of BST thin films as
various compositions.
500 . . r PSR e 020
00 \-\
S o\' 4915
3
5 0k @
g —e— Sietectric Constant —
g —o— Tangent Loss o g
5
8 mob b4
] o, ©
6 -
\\ H4e0s
08
——
o . : . . 0o
10 100 1k 10% 100k M
Frequency (Hz)
08| 8. 3k wslel] w2 BST(70/30) whete]
4 &3 frieal
Fig. 8. Dle ectric constant and loss tangent as a
function of frequency for BST(70/30)

thin film.
(1071

1stol w2 BST wpete) S4o) B4 AT

HireE s

olate] AMEZHE Ba/Sr 2Ad¥] 70/30a1 BST
(70/30) Hpo] AR-ollA capacitor Aol 243}
7ol 7b 93t BALS JEhES oF S glok BST
(70/30) Hkete] 'FJ}*}F Hatol whE {31 SAS 29
8 o vhetiglch fAlAlol a7 Ae] ‘dﬂ&l‘ﬁ Gl
7)ke] wstel] me} f-x H-Fo) mimA ik 9 8
o viepeh viehd Fulpe] Zrpel whE nlfdEel
Tt kb A el kel wst
7R Fsp] wiel et Aofrt mdE f
A #2le Falgrl vl (tand= o/we’) IFEE
Fake] Fvtel wheh 2haakA] =l

N. Z2 &

Bartum acetate, strontium acetate 9} titanium

isopropoxide & EHHaA R slod vlekst Bu/Sr HIE
7kl BST  ubehe sol-gel  Wlo®  alzlbselgich
TGA-DTA %%41% Ealo] Az AL AH s
v} coating ¥ 300C oA drying & AASkL 70T
o4 annealing < AA)EAc XRD &3 Ay n%

perovskite ARl A% sheldl 4 gl o} BST
(30/70) myekel XRD F4 ZAd3ellAl= secondary

phase <) pyrochlore phase 2] peak 7} F+z=]eic}
ol¥= Ba/Sr 7M7) 30/70 Lu) perovskite AR
2] Wl 7 ehle 7o)
BST(30/70) wheto] v}b2 49 BST whitabs
dolgh FaAFHEe] w3t ofS el Yale)
25l *EZLEID} iz 48] x4 s}el] W BST b
el A4 BALL BST(70/30) o] 395 & 71 &
iai,oﬂ BST(90/10), BST(50/50), BST
e 2k 374, 337, 287%, BST
FA wiglel upel Mk 7has)
ek Holom olRXE] BST(70/30) o) Akl
A A7 ARG A Al ke 24E TRl ubet
ofwd BST(90/10)-2 7HrA4k BST(B0/50), BST
(30/70) & AARdE 4% 5 Qlsdek I,
A EAe x4 wsk uel 2 WElE ehlz]
ok 5Vel4le]  BST(90/10), BST(70/30), BST
(50/50), BST(30/70) &} FEAFUEs= 27t 220,
23, 120, 2luwMer o5, 71} e % viepd
BST(70/30) ol 71 & ghs dephich o]ike] 4
FERRE Ba/Sr AW 70/30 o BST(70/30) st

4.0 0

2 S RE=)

L n o
=

—
w2

[}
=

(30/7002]
(70/30) & *-*‘.j

418

'1]_

A

A

olo
13 X

118



19965 6A BTIREHRTEE

ute] AbLo4] capacitor Aedel| HE3|rlel 7Pt
vebds o 5 gieh 22w DRAM

ool A4sr] 91a Hx wgn g

A

B0
EAls 4

o w
capacitor
al7] 9afxlE BST Hbehe] -20T H7HA] A
FR|slolo} BhrE, S8 Alulef whE A W
shof] ARjE A7t Fraslof 3k Aolct

Ziky

23

# 2 s 1995 W8 uiE A Fo) skl

Aulel o8 s gdEr e

2 ngd
REER, BEAY, “ERERERERILER
Science Forum, pp. 217~229.

AF.Tasch and L.H.Parker, “Ferroelectric
Materials for 64Mb and 256Mb DRAMs",
IEEE Circuits and Devices Magazine, pp. 17~
26, 1990,
Kuniaki
Shintaro

Hidemitsu

Toshiyuki  Sakuma,
Yamamichi, Hirohito
Aoki, Shuuichi Ohya, Yoichi
Miyasaka and Takamaro Kikkawa, “A
Stacked Capacitor with (BasSr JTiO; for
256M DRAM”. International Electron Devices

Koyama,
Watanabe,

and Materials Symposium Technical Digest,
pp. 823826, 1991,

D. Tahan, A. Safari, and L. C. Klein, “Sol-Gel
Preparation of Barium Strontium Titanate
Thin Films”, Proceedings of the Ninth [EEE
International Symposium on Applications of
Ferroelectrics, pp. 427-430, 1994.

T. Eimori, Y. Ohno, H. Kimura, J. Matsufusa,
S. Kishimura, A. Yoshida, H. Sumitani, T.
Maruyama, Y. Hayashide, K. Moriizumi, T.
Katayama, M. Asakura, T. Horikawa, T.
Shibano, H. Itoh, K. Sato, K. Nambha, T.
Nishimura, S. Satoh and H. Miyoshi, “A
Newly Designed Planar Stackted Capacitor
Cell with High dielectric Constant Film for
256Mbit  DRAM”,
Devices and Materials Symposium Technical
Digest, pp. 631 ~634, 1993.

Takeharu Kuroiwa, Yoshikazu Tsunemine,

International  Electron

(6]
Tsuyoshi Horiwaka, Tetsuro Makita, Jyunji

(1075

FERH AR FOR

191

(101

125

Tanimura, Noboru Mikami and Kazunao Sato,
“Dielectric Properties of (Ba.Sri- «)TiO; Thin
RF

Access

Films Prepared by Sputtering  for

Dvnamic Random Memory
Application”, Japanese Journal of Applied
Physics, vol. 33, pp. 5187-5191, 1994.
Tsuyoshi Horikawa, Noboru Mikami, Tetsuro
Makita, Junji Tanimura, Masayuki Kataoka,
Kazunao Sato and Masahiro  Nunoshita,
“Diclectric Properties of (Ba, SrTiO3 Thin
Fllms Deposited by RF Sputtering”, Japanese
Journal of Applied ’hysics, vol. 32, pp. 4126~
4130, 1993.

Pijush  Bhattacharya, Kyung-ho Park,
Yasushiro Nishioka, “Control of Grain
Structure of Laser-Deposited (Ba, Sr)TiO3
Films to Reduce Leakage Current”, Japanese
Journal of Applied Physics, vol. 33, pp. 5231 ~
5234, 1994.

Pijush
Kyung - ho

Komeda,
Yasushiro  Nishioka,
of  Amorphous
SrITiO3  Thin
Ablation”,
Journal of Applied Physics, vol. 32, pp. 4103~
4106, 1993,

Russell F. Pinizzotto, Elizabeth (. Jacobs,
Hong Yang, Scott R. Summerfelt and Bruce
E. Gnade, “Cross-Sectional TEM Studies of
Barium  Strontium

Bhattacharya, Tadahiro
Park,
Study
(Ba,

Deposited by

“Comparative and

Crystalline Films

Laser Japanese

Titanate Deposited on
Silicon by Pulsed Laser Ablation”, Materials
Research  Society Symposium  Proceedings,
vol. 243, pp. 463 ~46%, 1992.

C.J. Brinker and GW Scherer, “Sol-Gel
Science”, Academic Dress, pp. 1~10. 1990.
FAE, w94, “ULSL DRAM ¢
Capacitor kg BST ubube] a2kz) Al
e B o P e ot s o R o R BT
Seong Jun Kang, Jeong Seon Ryoo and Yung

FHAL

Sup Yoon, “The Effects of La Concentratidn
on the Properties of PLT Thin Films: from
the of DRAM Applications”,
Materials Research  Society  Symposium
Proceedings, Vol. 361, pp. 281 ~286, 1995,

M. Azuma, M. Scott, E. Fujii; T. Otsuki, G.
Kano and C. A. Paz De Arauzo, “Electrical

Perspective



126 ZA W stel] wpE BST

Characteristics of High Dielectric Constant
Materials for Integrated Ferroelectrics”,
Proceedings of the 4th  International
Symposium on Integrated Ferroelectrics, pp.
109-117, 1992

[15] Peng, Cheng-Jien, “Processing/Structure/
Property Relationships of Barium
Strontium Titanate Thin Films for Dynamic

F & ¥ (EHE)

1952 94 744 19754 24
gt FEEEa &4
(B.S) 19774 29 g=raskgl
ANaFert 2QMS) 1983
124 USC AxRgeht &9
(Ph.D) 19873 3¥Y~1988y 5
%] Oklahoma State University %3 19884
19~19891 69 UCLA Device Research Lab.
174, 19894 8Y ~199241 24 AHAdAA} 7] EHe
Aol i gaed Pl 19949 48 ~lshestar Az}
AMEFatt g FailEels ULSI DRAMS
$& "‘l%‘él N, 73534 e Pyroelectric 4l

4], SAW Device

£ %W H#(EgE8)

1965 79 104 19894 2
o <lalyEty $-g-gelsly &
A(B.S.) 1994 84 <lslthst
o AR ETEE Y (MS)
19941 94 ~slsjelear Axtaj
st A FRkalgel

= Wl2e]8-8-5 A% ZHRAA 4l Pyroelectric

AlA]

|

(1076)

IS IPN S|

off A3k A7 wigE 5t

Random Access Memory Application”, Ph.D.
Thesis, Pennsylvania State  University,
August 1994,

W. D. Kingery, H. K. Bowen, and D. R.
Uhlmann, “Introduction to Ceramics”, John
Wiley & Sons, Inc., pp. 937, 1976.

oN

do
[}

M2 =(EER)

1971 349 29948 1994 24
Aspet AN EFETH &
(B.S) 1966 29 <lstdigta A
Al EgEtE Ed(MS.) 19969
3¥ ddiz} QEAAL F4] ¥
ok ULSI DRAM £-8-2 93k

A bt



