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Structural analysis of high-performance metal oxides
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Summary

I. Title

Structural analysis of high-performance metal oxides

II. Purpose and Necessity

Ferroelectric materials have a variety of applications such as semiconductor,
electro-optic device, piezoelectric material and pyroelectric material. Especially,
the application of ferroelectric films as FRAM (ferroelectric random-acess
memory) becomes more important according to severe demands of internet and
portable electronics. However, in spite of having the top-grade process
technologies, our semiconductor manufacturers have poor technologies to
develop of novel ferroelctric materials. Therefore, it i1s required to make a
manifest the relationship between structure and electric properties.

III. Contents and Range

In this study, BLT(BisxLayTi3012) and BCT(BisxCexTi3O12) were synthesized
by sol-gel method under various conditions such as crystallization temperature
and Bi/Ce or Bi/La etc. The structure analysis of these samples was carried out
by HRPD and XRD and their data was calculated by rietveld refinement method
to confirm that La and Ce are substituted for Bi site partially. And the influence
of La and Ce on the electric properties of BLT 1is confirmed through the
mesurement such as P-E hysteresis and fatigue test.

IV. Results

According to XRD and HRPD analysis, we found that the crystal structure of
BLT was tetragonal (the space group : I4/mmm) and the decrease of lattice
parameters toward a- and b- axis caused by the partial substitution of La for Bi
site. Despite the prediction that La will be totally substituted to the perovskite
site, it was substituted to the [Bi,O.] and perovskite layer as the ratio of 1:5. In
the case of BCT, exact crystal structure was not fitted but predicted tetragonal
or tetragonal-like orthorhombic structure. And the substitution ratio was almost
same as the case of BLT. Due to the results of electrical properties of BLT and
BCT thin films, BCT showed larger remanent polarization than BLT thin film



after post annealed at the same temperature. And both of the films showed
fatigue-free behavior. While BLT showed very small leakage current density, that
of BCT was somewhat large.

V. Application of research
Through making a manifest the relationship between the structure of Bi

layered perovskite materials and electric properties, it will play an important role

in developing novel ferroelectric materials.

- jv -
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2. Layered Bismuth oxide

Layered bismuth oxideE 7}A|&= Aurivillius Al€e] EZAEL Smolenski
group [27] ¥} Subbarao [28] ol ]3] o2 AFH AHd EAdo] ATHAK
t}. o] EAEL (B0 layer Alo]ol pseudo-perovskite block ((An-1BiOsn+1)Y)
S A3 gon, AFAHA o ZE BLWOs (n=1), BizStTa:0s (n=2), BisTiz01
m=3)(Fig. 3.12)% 5 & Ut d7)A A & o] &¥tHo] & 27} = 3719
ofo]l2olzl, BE Ti¥, Nb”, Ta’® 9} Zo] o]&uwtio] 2 highly charged
cationo} T}, m< pseudo-perovskite block ol 21 ROs octahedra®] 714=9]
th.(n=1.2,3,4,5)[29].

Bismuth-layered perovskite &2 2} 7}+5-4
1

Bl

A& perovskite block Wl )=
RO¢ octahedra® H & Yetttz, xpgE=-& bismuth layere} 3 33+ wak(a- or
b-axis)o| A} A3t} Perovskite block 9] ROs octahedra®] 7} &2l 3}
SGEo = ALA Ao 9 &) bismuth layerol] <=2] 3k WaF(c-axis)ol A= A}
%%%0] dolpx FE=th. 28y, perovskite block €] ROs octahedra®] <=
I &< 3}3Ed A= Curie temperature ©]slo| A 2L Fx o] 2= o)
o) 0} tH[30-31].
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AHES BT 7 U MESE EX 72
ok perovskite layers W9 AbA EQAA uwEd HAZEALES Ho|li, EIH
BTO bulkel A 71dig Ade @ w5 22 B3 F(Pr~4-8 4 Clem’)
S 7R melAd BTO9 718 54 AAs7] sl Lag &% 76
perovskite layers®] Bi siteo] Lag X 3A]Z) o] A HAYEd, olA]

~N

|

Azl B4
BLTo]t}.

o] AL (Bi0y)” layer o 93kl Mz @Al Qi AAE YEATR
FZ2H e JAT ofz AgslA 9w A glch. ZA diE BLT Bt}
H A we Ayt o]Fojx e g wrEd 43 AxF BTO powder
E olgd AFEEREH FAY AMdElL o HWE} AEL YA ¥
3 uh H2o AT waEw, ol2F o2 FE Aurivillius phase & FEE

space group ©] I4/mmm ?l tetragonal Hefol x|, AA] A¥ZAHY BOg
octahedra %2 W3 o] o3 Bi/A %ol X7} MY ZAoE gHEHA
tH[32]. =3, BiTiz0n ¢ F%7} curie temperature (675T) olslelAM &

orthorhombic 2 A B oFo] x| 4k curie temperature ©]A}oll A= tetragonal £ A o]

- 10 -



Hohe AR o] A F AT 33].
H7FE Lad FdA] o] ¢l Bi sited] Eo}7} TiOs octahedraZS <A 3A] 7)
, ZFEL ZHQ2Pr~16-20  Clem®)-& 2 A 3t} weba] Lao] X34 BTO

al
SelBL)S F& H2E43 2 AREF e /HAA fuh =8 BLT o
g uad ge eRdM AR olFoA e FHLEA(650-70

1’0o

L. & PZTe} SBT, BLT o] H714 54& vlaste] et

PZT SBT BLT
i
Psw - Pns (~2Pr)
) 20~70 4~16 16~20
(£ Clem”)
Fatigue resistance Poor Good Good
Leakage current at
, 10-7 10-9 10-7
5V (A/em”)
Processing
500~600 750~850 650~700
temperature

¥ 1. PZT, SBT, BLT ¢ E4 %]
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Bi
o oo
i % Bila
Ti
@ Bi
C 0
s Ti
(a) Bi3Ti40]2 (b) Bi4-xLaxTi3012

Fig. 3. 1-2. BisTi3012(BTO) ¢t BisyLasTiz01(BLT) o] ZA =%
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of &3 7
A 7|4l s =5

VAL k = yi ol AFH o2 7|8 E

TE, e 729A, Pz A5 A9 wigs BAstr] 43 &, L6
Lorentz-polarization ¢12}, fyx =

7] $13t profile &, 4260k =20 .26E ZTATTH

Rietveld & ol2{st I WA 3|dd 20, of diete] AL =& 20 : x,
X2, X3, ... ) fix), 7} X & wsllyi 2 39S o

vsl
3

aQ

aQ

o~
ASS
~
AN
o
>
i,
i

3)d profiles S5

S(x) = 2w [yi — fix) ]2

€ H4E e 7MW parameter x& H]A Y Hax Aoz HYseoh
A7 FE2AA Fk © g9 Aoz I

F, = 2;N; f; expl 2xi(hx; + ky;, + Iz;) ] exp(—M))

( h, k, 1 : Miller indices, Nj : j ®A dxte] 2 /&, x, vy, 7 : ] BA
At G E YolA FHFE )

A Ao webA FE3lejor 3 parameter= unit cell& FAISHE 2 YA
A X, ER%F <1A}, peak profile 13}, background 212} 58 X33},
Rietveld A3}l WS F2 FAAA Ao ol&x&=H, ol F44 4
29 34 peak 9 profile 47} Gaussian TF5-E T HE 7] o
33| peak o RS FHY 4 7] wiiFolh

a2y Xeray 314 75 peako] H o] EHFste] A profile &
o 7] o} 9] Rietveld AH 3} Wil {8 1vrF =X A A
web A X-ray 3]H 9 peak profiled YEIUE SrEE EO2-1 3 2ol
Gaussian 3} Laurentian ¢} o 2 o]F o]z pseudo-Voigt 71 =2 o] &5
I itk

BE3 Adel AAs] SA ol Fd A7 HE profile FrE
Adesjor gt

Peak®] broadnessE ZAA 3= FWHM(Full Width Half Maximum) & o834
2ol £d€h

o

- 14 -



FWHM® = H% = Utan®§ + Vtand + W

Background 7} &=

2%
A
=352 U 4 9

q71A bn & FEsta|oF & parameterE o] T}

olde =& A FxoA VdE Fmo Aoy, AARE ZH79
Aoy AlAAze] olH AAE ¥WET A HAgsoF .

AAl A EAS EE parameterE-2 Rietveld A W3lo] o] &5 &Ad Ax
o mastel APy A= e 2e ddd R QRS0 ol gHT
SES

A g fiting ¢} T3 UL JElE HEE 5 79 R aF
- Rwp(weighted pattern R-factor), Rp(pattern R-factor), Reg(expected R-factor),

Ri(integrated R-factor), Rg(structure factor R-factor) - 7} AAlEo}x] 1 o] A&
3 22 o At
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Powder Diffraction Pattern

Y

Index

A

Determination of Space Group

Refinement of
Lattice Parameters

h 4

Yy

Structure Model Simulation

4

y
A

Rietveld Refinement

h

Calculation of
Distance & Angle

Fig. 3.1-3. Rietveld %<& o]&3%t X A4t

A

(>
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Name Function
_ - 2
Gaussian choﬂ expl (20 Il{i 204 ]
Ve, 1
Laurentian nH, Ci(26; — 26 ,)°
[1 + ; ]
Hi,
Pseudo-Voigt Function nL + (1—7)G
I 2-1. Profile shape function
R-parameter Function
S W lyilo) — v(9]* 1/2
R =
. Bow = 5w ol )
Rp Rp = 3ly;(0) — ya] /| 2 [v:(0)]
Np — N¢ — No.ip
R Ry =
) £ ( 2 W, [3’;‘(0)]2 )
Ry Ry = (2, |I{o) — I ol ) [/ 20
Ry Rr = (2, 101" — [L(a1" ) |
2, Wiy — v(I1* 1
S — 13 1 1 1

¥ 2-2. Various R-parameters
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o) 4

Alg A ZZE $]3| bismuth nitrate pentahydrate (Bi(NOs;); - 5H,0), Lanthanium
nitrate hexahydrate (La(NOs3); - 6H,0), Cerium nitrate hexahydrate (Ce(NO3); -
6H>O), Acetic acid (CH3COOH), 2-methoxyethanol, titanium isopropoxide
(Ti[OCH(CHs)2}4)<= AldrichAboll A -3 33 .

7]—. BissLagsTi301 powder 9] Zﬂ&

250ml < wvibe 'E]—Z_:ﬂﬂ] bismuth nitrate 7.62g(0.0193mol, 25% excess)<
Y3 acetic acid 20ml & H7peth = thE ZetAHo|E lanthanium nitrate
0.953¢(0.0022mol) & -3“—57_ 2-metoxyethanol 10mlE 3 7}3tt). Zbzheo] 8 o)
%3] mixing 54‘: 308 7t o 3 7 &8 4L F IR U

mixing $+-tt.

o] gollof titanium isopropoxide 3.9ml(0.0132mol)E H7}3tx ¥k

o] Fo|X LB AtLoA FEAET ZHEF] mixingdtth o] LAL vacuum
evaporatorg ©]-&3ate] 75T X-Fuh7] Aefell A drying 3 &, 919} 2 =
7 Sholl A calcinationg e dte] oF SgrtEke] HAME A powdergE A& T

ol &3
AR AR

‘—Jr. Bi35Ceps5T13012 pOWdCI‘ 9»] Zﬂ.;}_

250ml T vlg Z8kA o] bismuth nitrate 7.62g(0.0193mol, 25% excess)<
2 Hrldoh = & Z g Az cerium nitrate

0.940g(0.0022mol) & % 31 2-metoxyethanol 10mlE H7}3kc}. Zpzho] Sl

Z 38| mixing 5“: 30 7tF 7™ & 5 Sds AL F AT M EF

mixing g+t}.

o] golo] titanium isopropoxide 3.9ml(0.0132mol)E& H7}3t3 Hk-go] <A 3]

O] FAAEE F2oA FFAHAE FEI| mixingstth o] A& vacuum

evaporatorgE ©| &3t 75T X Fwj7] Aol drying 3 F, e 2

3ol Al calcinationS Fate] oF 5g71eFe] M E X powderE

[

AA T

Y31 acetic acid 20ml &
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2. BissLagsTisO012, Biz2sCe75Tiz012 ¥HEF | 2

ZHAAL WA B4 48] AT gnAzs Boluse), B
ATANE powderd 249 e FEATAE Mgl §Ae A2 F,
AEAE AHgatel GHe YA B el FAAANE AHHIAF Y
& st WEe AZARG. 7 AREAE s 2o PUSI0Sig 7]
_\&

2 AFESEH I, o]E AX| 9] substrate holdero] A A7l I ulirasonic
nebulizerE® 25 AlA ZaetA23 W9l precursor solutiong WZ & WA A Zith
rotary pumpE ©]&3& &7 o ¢HE HAd FAAF|HA, TAE oA
XS carrier gas(AnE 0]—%—’3}0:1 main chamberi o] FA|Zlt}. HAo] laminar
flow “’Eﬂi o}—;dg].goio %‘_;‘4_@. /\]xlffhjr 123 }\]7}%0}
main chamber W2 ¢+&-& 300 Torr, 50 Torr, JF &
e Sk ek yig] %“HTE: 7] g}et oo 11]7% Al 7o
o Al 108 &<+ bakingsled A sIA 73, Ashe F
B} e wkEIT. wdEoiy wES fumaceE A}
A

750°C WYl A Ak B9 slolAll AlzH

“

5
dr) g9 vtyE 7“01] ¥, o]F BAo] dojue w¢t

()
oL

O
200
H oo o

A Z Tk AMEE S 1.834824 0100, FZHAL 0.05° , 2

~ 160" 2 &9t AP TE S o] &3 32/ tERE7E A H .
Fg XRD 482 RFHTAF oA Fhan stz Aol AME-SHA
G AlBe 22 AEE AFESIAY. AFE S T2 1.540562, 1.544390 A <130
on, FAXAL 002°,24 HYE 0 ~ 160" 2 U}, 2z Algd g
Mg et Full prof T2 138 & o] L3} Rietveld Ho g FRAA
o} o]Foixth. AHEd FHXAL pseudo-Voigt Fglony, T4 A9
A Az 600, XRD 289 A9 180° sl 26 o uidte] Berar 9

Baldinozzi ¥9] vldiAo] it BAES ALk 26 o mE FHE
W3l= H? = Utan’g + Vtang + W + IGlcos’d 2 YERJo] U, V, W, IG
(Gaussian Size Model) W E 7@.43}9113} ol WMo i3t =7V 54‘:—
SRM676& o] &3t U PN dPste Fagnt. APwAL

2 gdoz FTHE polynominal = 7@’}_3}‘}}\3}.
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4 EAQEA

Az sampled] ZAFZ, AW vAFR € AW FH, =4 &
XRD(X-ray diffraction), SEM(Scanning electron microscopy), WDS(Wavelength
dispersive spectroscopy) 5 o] &3k HAIEHch BLT uhere] A7]d S4
(P-E hysteresis, Leakage current density, Fatigue test)2 Z=A3}7] ¢ siA]
PUYBLT/Pt - Z(Metal-Insulator-Metal (MIM) structure)E WHEQTH SR AT
Pt/SiO./Si ++x o)1, AHF-A=FL 27 o] 0.4mm<Q) maskE o]-8, DC magnetron
sputtering™ ©. 2 A X3} o). P-E9} fatigue, -V &A -8 Av|2 A4 Z+z RT66A
9} Programmable Kethley 617 electrometerS o] &3l th. BLT utute] EX R
Aol o] &3 HAAN Y FTHRY 1 =20 I 2ok

XRD : ZA Tz Ao X-ray diffractometer(XRD, Rigaku, D-MAX-RC, Cu
target, Ni filter)& o] £-.

SEM/WDS : utahol g wjMfxel dwAdS BEAIL FTA A
Scanning electron microscopy (SEM, Philips, Model 533M)E o] &.
21 g=d ) ZAE B A=) Wavelength dispersive

spectroscopy(WDS, Microspec, 3-PC)E o] &-.

P-E & Fatigue : Polarization-Electric field, Fatigue testol] t] 3t curve:= RT66A
5 ol&ste AL

I-V : Leakage current density®} breakdown voltageE Z A 3}+=4| Programmable

Kethley 617 electrometerS- ©]-8. Voltage step of 0.2V, Delay time of 1
sec.
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£ 3. AR s FAYol @

£

o\
By
BN

Liquid source temperature R.T.
Pressure during deposition 700 Torr
Substrate temperature during deposition R.T.
Baking temperature 400 C
Annealing temperature 650 ~ 750 C

Typical depositon rate

25 ~ 35 nm/min

Ar flow rate 500 scem
Substrate Pt/Si0,/S1
Rotating speed 2 rpm
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A3 4d A7dE 2 A
1. BissLapsTisO12(BLT), BissCeosTisOn(BCT) AA FZ B4

BLT2] XRD A8 Z#E Full Prof T2 188 o] &3t AAs AIAE Fi

=

oQ

33-1. o YERIA Y. 2 F % E tetragonal(space group : I4/mmm) ©Z 7R
&t3l, La o] [BiyO.]" =(fluorite-like)@} [Bi,Tis01] =(perovskite-like)o]] + 1 3]

2 dua dAT YL, Rietveld refinement W& A&t T2HAE 3
stiom 1 A= F 40 eERITh AAASFE a=b=3.833A, ¢=32.880A
o7 olde] wEEHgw BTO ¢ 19x & xo]lE RolAE &yth
Pseudo-voigt & <ol 4] Gauss ¢} Lorentz 3= (0.8684L + 0.1316G) & %8
skdar, U, V, W, IG 3& Z+7F 0.13830, -0.04321, 0.04165, -0.01362 = HA
3E Ak XRDY A9, 4z s mel e g3 Aojrp =7 wE
2+~ 749 isotropic thermal displacement factor 7} Bi, La, Ti o B]sjA] A
Se7t dold Frbe ¢lv] W, BE s AU 43 e ztedxn
b B, La o] Bi of X &AL uf

thermal displacement factor& zZt=tiia 714
¥t XRD 43F Z¥E WA Histes AL
Ce o A goll disjrx AFstA EAsE 4 e wbdo), T2 A

o] 3% Bi ¢ La £& Ce o #ARTE, BLT 9 BCTA 7} g2

= 7HAGL U AbAel gde gk 4 ©S &o]5tr] wiFoltt. o}

X

£ La o] perovskite ¢

z

1o,

o

v

o)

[

—

jos]
do b
&P oo orfe &

T La 9x50°] A 3k=]of

< s 4 QY. =, [B0)" =3} perovskite = 1:5 2]

Eoi7te AL A + AT La =4 AFHA

DS (Wavelength Dispersive Spcetroscopy)S &35t Bi ¢}
s d9lstg om Bila = 7.2:1.08 7|02 sk

XRDE o] g3t BaZA3m ¢ 2= Rp=5.41, Rwp=12.4, Good of fitness (x2)=

4.00 otk (Ryp = 100[ Siw [Yoi — Zyci|2 ]%

Sid vod

100 Skilk - [Ckl 2 — [ RWP ]2 )
Sk |I k| - X R exp ected

>

RB:

2FA 9] isotropic thermal displacement factor 7} H]| W& 2 zH& el

[e]
o} unisotropic thermal displacement off 23 &3, 2& Bi L=z 34
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SAT A FE ote EdE 28 ¥ 5 dow, 4a A4Ed o@
AR B YA 94 4¥L 5@ PHL ogad ATF Ade ¢
+ 9g e oJAA

BLT 2] XRD e A
o}, Fig 3.1-2 &= BLT ¢} 7 $-¢} UP‘W}X]E rietveld refinement HE o]&3}
A% A8 vATE Tued. T2 44 A2 T 4o dehRa. §
ke A= oFzke] olF o] gvlE o}t vi$ A2 gho] Wyt Foix
th. BLT oA9} vlar7bA 2, pseudo-voigt SFE AFL3E
Lorentz ¥+ (0.8767L + 0.1233G) = T3, U, V, W, IG gt& z+z}
0.70830, -0.04321, 0.04165, -0.01362 & H=#3}gAch A v, ARGAE7L
a=b=8.815A, ¢=33.06A o2, BLT Bt} a, b, ¢ = 25 <7y 7
= 2 & AT §A Y, BCT XRD A3}l A% ofd ox
Rp=33.37, Rwp=36.8, =322 & =t} 1A%k, Azb 29 peak 59| 9=
A7 A A A e 20 A7 Y= HE J—Eﬁi‘jr AR TZ
tetragonal (I4/mmm) o] old a ¢ b 7} 7{9] H] =3t orthorhombic ¢ ZAA
£Z 7H4 7heAd s 1els B et 9 Ce xgow Qsle 4 Aa
A As
Ut o2 7HA 7]'3“'0— A LHFolw otz e}

z
Ela

e A XY Aol UH
T

m}L
X
mlm
il
N,
o il
oe}
@)
—
lo
E
i
-0,
ofo
e
-4
EN
ox
>,

o

position ¥} lattice parameter ¢ =] /‘ﬂ?\f} H 5 ol

X
o ¥
ot
P,l',
O R G < (B U P o}

ol
-4
EN
s
2
=
,_i
(D
2,
2,
)
N,
2
M
2

tlo
o

.
r]

rry

7w

[V

o

o 2
ke

P FAY

A}, Occupancy = E 5 9ke
O odulAd o 2 Gauss THFE

BLT ¢ 4% Gauss Tuts o] &3] FAbg strlole 2a7F Uy 2 &
Ve itk whEbA Thompson-Cox-Hastings pseudo-Voigt &F
o] &= Gauss T4 9 Lorentz & 59 FWHM 7+
= U ASSHA peak o RS 2T 5 Udte FHo] deon o
o2 xdHA.

JZHQNIOL

FWHM*(gaussian) = Utan?(0) + Vtan(§) + W + IG/cos*(6)
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FWHM (loventzian) = Xtan(6) + Y/cos(8)

( X : Lorentzian isotropic strain parameter )

SHAINE, T2 A4 An Re=31.12, Rwp=184, y’=574 2 u]d 2 78 4
Bt FWHM Zholl A8 WSS U=1.75693, V=-1.96421, W=0.62344,
IG=0, X=0, Y=0.20224 2 AArslgct. BCT o] A$ AA QxFo) 2= = Abx
of 7 7bg #7] W&o Bi, Ce, Ti 94459 ¥M4$=L XRD 24 Avlel
Z2oa 7tAsEg A, A4 949 isotropic thermal displacement factorol] o 8 A]
FAA A2 ARt B¢ BBy g AEA AR E 4o A
T Axo], XRDE o] &3 Ao Al A4 9] isotropic thermal displacement
factor 7} 3.92731 o] Wte] FAA AIoME AR o= AL ol
& AAT T3, XRDY A$ Zzre] ko dajA HEe e 277}
Y 9, FAK AP E 449 g AgE 7 4 gtk 1

TAA AR AY A oxy E AL AA 2 JHA olFm B 4

e flr

“

oo o otk
Qo £
W

o, & 7FA & AAe A Fo e AAFF(oxygen vacancy)o 2

o 4o HREol o]F Fol obld ¥ FL e sHE spsAolnt o

oldel vty AFEE T3 Bi 9 Aol AN AAs F o FLyE
g, olmf A71H F4& FXsaEs A mEo AAFFo] 2AT 54
of AXA At E I 7tA = AL EY PAG tilingo 2 A AAH A
2o AAZE EAXE THsAdelth. &, tetragonal AR TFRNA A9 olE
o2 BE ZZAXsuper lattice)’t FAHNE = Utk o] F AA Pt
T AgER £33 XRDEE A7 7F A& 7] wEo] =X Abek Aato
W AT T3 A8 AU 73] o
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Lntensity fan)

Bi3.5La0 5Ti30 1 2(tetragonal, 14/mmm)

20
PRO0G T T T T 1
15900 jm 7
\_ ‘ 15.pe0
- Yoby ]
) e YeBYE
vosa - Yobs-Yoze —
o
S aem b .
3 A e -
N3

L3000 : ] . 1 5 i 2 4 : 1 L
10 3 5 0 il 1o 130
286 (7

Fig. 3.3-1. Fullprof& ©]&-3} BLT ¢ XRD +% &4 Az}

Bi3.5Ce0.5Ti3012(tetragonal, [4/mmm)

UG

T T Y . , ‘

QUENY .; _:
FOO% : )
SO0y :. ;
30K o -_
FOKS ; )
~HENy ; -:
~3000 i ) 4
0 30 30 4 95 ‘o 0 "

Fig. 3.3-2. Fullprof& o|&3 BCT ¢ XRD T %4 A3
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Bid.5La0.5Ti301 2(tetragonal; 14/ mmm)

T i T ¥ ¥ ¥ 4 ¥
3000 ol
ENGEHE —
™
= 200Ge L -
=
= - i
= NG L { -
&
N | 1 .
10064 L -
JY L -
[ -4
Ssaon -
- N i 1 ; £ 1 I 1 I3 1
Y 20 40 &0 80 100 120 Jad 16¢

267

Fig. 3.3-3. Fullprof ©] &% BLT ¢ Neutron 7% BA A}
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H# 4. Rietveld refinementE o] 838 +XAA

T -

(1) BizsLagsTiz012 (XRD)

atom X y z Uiso
Bi(l) 0.5 0.5 0.06723 |1.56455
Bi(2) 0.5 0.5 0.21108 |1.08512
La(1) 0.5 0.5 0.06723 |1.56455
La(2) 0.5 0.5 0.21108 |1.08512
Ti(1) 0.5 0.5 0.5 0.21617
Ti(2) 0.5 0.5 0.37144 11.99699
0(1) 0.5 0 0.0 3.92731
0(2) 0.5 0 0.25 3.92731
0(3) 0.5 0.5 0.43723 |3.92731
0(4) 0.5 0.5 0.32079 |3.92731
0(5) 0.5 0 0.11433 |3.92731
(2) Bi3‘5Ceo'5Ti3012 (XRD)

atom X y z Uiso
Bi(1) 0.5 0.5 0.06712 0
Bi(2) 0.5 0.5 0.21108 0
La(l) 0.5 0.5 0.06712 0
La(2) 0.5 0.5 0.21108 0
Ti(1l) 0.5 0.5 0.5 0
Ti(2) 0.5 0.5 0.37139 0
0(1) 0.5 0 0.0 0
0(2) 0.5 0 0.25 0
0(3) 0.5 0.5 0.43723 0
0(4) 0.5 0.5 0. 33380 0
0(5) 0.5 0 0.11271 0
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(3) BissLagsTisOn (Neutron)

atom X y z Uiso Occ

Bi(1) 0.5 0.5 0.06723 |1.56455| 0.398
Bi(2) 0.5 0.5 0.21108 |1.08512| 0.480
La(l) 0.5 0.5 0.06723 |1.56455| 0.102
La(2) 0.5 0.5 0.21108 |1.08512| 0.020
Ti(1) 0.5 0.5 0.5 0.21617 0.25
Ti(2) 0.5 0.5 0.37144 |1.99699 0.5

0(1) 0.5 0 0.0 3.57775 0.5

0(2) 0.5 0 0.25 2.58883 0.5

0(3) 0.5 0.5 0.43723 0 0.5

0(4) 0.5 0.5 0.32079 |1.80188 0.5

0(5) 0.5 0 0.11433 |2.14901 1
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T i, Si(200) + (020) peak 7} EX ¥ 2=V} Folfol A FEHAA
A717F AR e RE FstAnt. xR ojxd e AFolA BLT & Z-¢ 54
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Fig. 3.3-4. Bi:La Z/dud]o] m& ®hulo] I morphology ¥ 3}. Furnace
annealing in O, for 1 hr.
(a) BTO uHuH(Bi:La=4.0:1.0) (b) Bi:La=3.5:0.5 (c) Bi:La = 3.0:1.0
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Fig. 3.3-5. La &/Jof w}E BLT v}u}te] XRD A3}

( 700C furnace annealing in 0, for lhr )
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Fig. 3.3-6. BCT w4te] EX g &% ¥ W& HH morphology ¥ 3}
Furnace annealing in O, for 1 hr.
(a) non-annealing (b) 600°C annealing (c¢) 650°C annealing
(d) 700°C annealing (d) 750°C annealing
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Fig. 3.3-8. Pt/BLT/Pt/Si0/Si (Bi:La=3.5:0.5) =buate] QI7}= glel

ulE olFZ A EAJ. (700C furnace annealing in 0, for lhr.)
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3.3-9. Pt/BLT/Pt/Si0,/Si (Bi:La=3.5:0.5) =rute] <Q17}AQlo)

olF=EM BEA, (750C furnace annealing in Os for 1lhr.)
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Fig. 3.3-10. Pt/BLT/Pt/Si0;/Si #t2te] La ZAdo] W}l ojF T EA,
Applied voltage=10V. (700°C furnace annealing in 0. for lhr.)
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Fig. 3.3-11. Pt/BCT/Pt/Si0;/Si (Bi:Ce=3.25:0,75) wuhate] <Q17}A qolof

e oj¥d 3 EA. (650C furnace annealing in O, for lhr.)
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Fig. 3.3-12. Pt/BCT/Pt/Si0y/Si (Bi:Ce=3.25:0.75) vtute] Q1714 qle]

e oldF M EA. (700C furnace annealing in 0, for lhr.)
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Fig. 3.3-13. Pt/BCT/Pt/Si0;/Si (Bi:Ce=3.25:0.75) utute] <QIzpaAqlof

wE o]y 2 EAJ. (750°C furnace annealing in O, for lhr.)
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Fig. 3.3-14. Pt/BCT/Pt/Si02/Si (Bi:Ce=3.25:0.75) utzle] 7v Q1714
Az 2= uE ol¥y I EA]. (750TC furnace annealing
in Q; for lhr.)
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Fig. 3.3-9. Pt/BLT/Pt/Si02/Si (Bi:La=3.5:0,5) ¥}ute] Fatigue test
(700°C furnace annealing in 0, for lhr. Frequency=40kHz, Va=9V)
(-P* : capacitorol] negative read voltageZ7} Fo]HE ul switching

polarization. -P” : nonswitching voltage. )
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Fig. 3.3-10. Pt/BCT/Pt/Si0,/Si (Bi:Ce=3.25:0.75) wiute]
Fatigue test. (650C furnace annealing in 0, for lhr.
Frequency=40kHz, Vy.x=5V)

( Psy = switching polarization,

Pws = nonswitching polarization )
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