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ABSTRACT

Microstruetural characteristics of the Complex Perovalkite (1 #) (LijpStny ) Ti0y ® (Nay,Smm) ) TiO,
[LNET) gystem have been investizated naing the transmission electron microscopy (TEM), When 0.0=<x=<0.5,
the vacancy ordering forming the 1/2 (001) superlattice reflections due to the A site cation deficiencies has
apperagd. It could be confirmed by pregence of ABPz. But it was difficult to form the vacaney ordering gince
vacancy concentration gradually lowered az the amount of the substituted Li ions decreasze. Antiphage
boundaries (APBs) were prezented in microstructures of LNST when 0.8 <x=<1.0. It waz conzidered that theze
boundaries were caused by the 1.1 chemical ordering of A site cations, Na and Sm ions, LNST had not only
the antiphase tilting of oxygen octahedron but also the inphase tilting of oxygen octahedron and the antiparallel

ghift of cations all of them. It could be confirmed by presence of ferroalastic domaing
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Fig. 2. SAED patterns of LNET with zone axis of &) [001] tn LNST (x=0.2), b [0T1] in LNST =0} and ¢ [1T1] tn LNST e =0.63.



116 Korean J. Electron Microscopy Vol 34, No, 2, 2004

e% NSTHAE 37499 gring o132 Slen o
5 Ryl Buvielz 242 ket go] Fe =]
4] ferro—elastic domalnE & FAFH« gl ¥4 =5
o)A (Les et al, 2004) 228} To], LNST M4
XRD &= el Lio]2oz eldled AJA= A-site
vacancy ordering?] Il &0 Z doubling®H
=27 F2E o|FA Hef m=3 o] T2 LNSTH
A= vehde Li o129 o] AR gagd o
o APVE At Aoz x-06d c=d 83
5 A Aze FEz w99 e TEMe=
AT INSTS AANL AL TATAL AT
L 0.0<x=062 258 08<x<1.0 252 T O%
52 el A Ao Mtk
Fig, 2= LNST 0.0<x <064 4] Fth&[100], [0T1],
[111]e] 5 Ase A7 F2 AdEo)d. 57
AAEE ARES olHF 571 HH o 9 #
ZHAFI|E PmimE 7|30 2 indexdgich Fig 2
(a)2] zoneazis® [001)E 1/2(001) 247 FEdA¢] z
vhake 2 A gl 12 (001) 245 H2HFES
Lie|22] A7le] o|gR dl3te] QAT oF WHRFe R
2] cell doublinge] Aot Aot o) G2 A7
58] AT Astele U5 (Ttch et al., 1994; Lee et
al. 20020) Fig. 2 (b)#} (¢} Z}Z zone axis [011)s}
[111]”] ARER A=lo|et Fig 2 (b)dlle 47 4
welz vEhd 1/2(100), 1/2 (111), 12 (110)8] 287
324 o] vEE, Fig 2 (e}l Fdri=|z E
W12 (110247 HBHE| et o] 247
HEHEL AT tiltinge 2 A3 T2 WE
o) 25l PH S Reaney et al. (1994)2 =47} F
A 121112 Ab4 B F2] anti-phase tiltings]
ssted HAEE 12(311) =247 FEAH2] double
diffractions]] &= A7t 1/2(110)= Ak T H|
2] in—phase tiltings]] 23t AR 1/2(310)¢] 24
A FEA2 double diffraction® 2, 225 1/2 (100)
A7 F)EALE A-site 2Fo]-2%] antiparalle]l shifte]]
2)eled HAEZ 1/2(21009] double diffractions]] 714l
e Ade wEd Aamddy tltings] A2
tolerance factor t9F 22 FH o] ¢lew Itoh et al,
(1994 ] AAFSE LSTH t= 0.9202 % o]x Reaney st
al. (1994)¢] A A3 in-phase tilting2} anti-phaze

tiltinge] 2% el 4 gl 4el t=0965 o]}
qde gleowz A S5 245 AL e
FPsEAc upeks 172 (100) Fefe] 247 5287
e = TR F2WFH o] AlAua] el
F 5l&E BAFT gl

Fig. 3. Eright field TEM micrographs of a) L3T (x=0), b)
LMNET (¢=0.2) and ¢) LNST (x=0.4).
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Fig. 4. BF TEM micrographs of microstruchires in LNST (x=0.6) showing the both ferroelastic domain (FD) and APBs in 2) and

the warieties of FDe in b).
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Fig. 5, HRTEM imagez of LNST (x=06) with [ 100] zone axis; a) 2:1 =2
an Image of low magnification and b) highly magnified
image, o] 4ke] (1-x)LET-xNST M2t=] A|2els] TEM =%

Fig. 6, SAED patterns of LNST; [100] Zone axis in LNST (x=0.8), by [071] zone axis inpure N8T (=100 and ) [111] Zone axis
inpuare N3T (= 1.0).
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Fig. 7. BF TEM images of a) LNST (t=0.8) and b) pure W3T (x = 1.0},

2 Sg B Aes 2e + 4o

1.0.0<x<0.6 LNSTe] M2 Li o]22] Agoz A-
site 9Fe] 22| vacancy ordering®]| o& ¥FEFo E ZA)
Thet o] TEMZ SAED #®l2] 1/2[001] 247 3
A3t TEM 4448 APBS 24= <& FUdF
+ s

2, LNST A z=A44 Abd S92 anti-phase
tilting=} in—phase tilting 221 ¢Fo|22] anti-parallel
shiftef] 212t 243} 523 o] ZA3PH, o] TEM %
s Z4 ferro-elastic =H|9le] 25 <3 4
sdsdet,

3. 0.8=x=1.0 LNSTH M= =4+ Z4Hal ferro-
elastic =¥ AE°] grain ¥+ Lste] glsict e
I ulH g APBERE TEE g

4,08<x<1.0LNST&42] APB 2] Na o] s
Sm o] A}eld] 1:1 chemical orderinge] &332 2

wgher,

Honed

Barber DI, Moulding KM, Zhou I, L1 MQ: Structural order in
Ba (ZryTagy, )05 Ba (Zry gNbyn)O; and Ba (Mg Tag, )0,
microwave dielectric ceramics. J Mater Science 32 1531
1544, 1997,

Glazer AM: The Classification of Tilted Octashedra in Pero-
vilcites, Acta Cryst B28 @ 3384 3392, 1972,

Glazer AM: Simple Ways of Determining Perovakite Structu-

res, Acta Cryst A31: 756 62 1975,

Itoh M, Inaguma ¥, Jung WH, Chen L, Nalcamura T: High lithi-
umn ion conductivity in the perovelite type compounds Ly,
LijaTiOs (Ln=La, Pr, Nd, Sm). Solid state lonics 70/71 :
203 207, 1994,

Lae HI, Parle HM, Cho YK, Eyu H, Son YW Microstrcharal
Observations in Barium Cleium Magnesium Nichate, J Am
Cleram So 83(2) : 2267 72, 2000,

Lee HI, Ryu H, Park HM, Cho YK, Nahm 2 Microstruchore
Obgarvations in Complex Perovalite (MayPry) TiO,.
Korean] Electron Microscopy 32(2): 157 162, 2002a.

Lee HI, Ryu H, Parlk HM, Choe YK, Nahm & Microstructiral
Characterizations on {LijsPry,)TiOy Ceramics. Korean ]
Electron Microscopy 32(3): 257 263, 2002b.

Reanew [M, Colla EL, Nava 3 Dielectric and Structural
Characteristics of Ba  and St based Complex Parovakites
as a Function of Tolerance Factor. Jpn I Appl Phya 33(7A) .
3984 3890, 1994,

Walcine K Recent Development of Dieleciric Resonator Ma-
terials Filter in Japan. Ferroelectrics 91 @ 6%, 1589,

Woodward PM: Ocotahedral tilting in perovskite, 1. geomet-
rical considerations. Acta Crystallogr, Sect B B33 132 43,
1997,

<Z2EE>

Ealg 28 ~Fbe| B (1 x) (Liedmye)Ti0s ® (Nage
St )TiOs (LNST)S] Wl 7zs TEMo s ghasigc)



120 Korean J. Electron Microscopy Vol 34, No, 2, 2004

0.0<x <06 LNSTo| M= A-site afe] 28] Ao 27}
172 (001 23 FHA4dg 343 vacancy ordering 2
Ztx slem] o]E APBE % 4 33w 2y o)
Z7bae| whel Li o] 2] ofe] & oA A vacancy ordering
2 ®mEF o|FA Hoh 08=x<1.0 242 LNSTE =
A gz:d e APEF} SEFH A=Y o= A giteof|r] Na

2} Sm e]27+9] 1:1 chemical orderingsl] 2|5k # o=z A}
250k LNST A 24 +l|lA Ak&ZA4%] anti phase tilting
# in phase tilting 28| 2 A site 9Fo]=22] antiparallel
shift7} TEHU =, o] 52 ferrcelastic domaine 2 &

12 4 355



