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Abstract When the 0~2 mol% of La* were added to the nanocrystalline BaTiO; powders and sintered at 1200~ 1400
°C, the nanocrystalline BaTiO; ceramics having the average grain size of 110~240 nm were obtained except for when
no La* was added and sintered at > 1350°C. As the average grain size decreased from 240 nm to 110 nm, the
tetragonality (c/a) and volume fraction of the 90° domain decreased, and all the properties such as relative dielectric
constant at room temperature, maximum relative dielectric constant at the temperature of phase transformation (T¢),
and diffuseness of phase transformation at T also decreased. The results were attributed to the internal stress induced
by inihibition of the 90° domain formation in the case of finer grain size.
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I 24 2ApPEel g L2571l dr) Ak A AP e Z AzE BaTiOs 244 SLYEE A4
Z A Ale] (Multi-Layer Ceramic Capacitor, MLCC) stdck. (Ba/Ti = 1.003, 99.95%, BT-8, Cabot, U.S.
o] A7 2 AMRFHT 9le BaTiOuA Algte 342 4 A) BET.®WoZ 2% v|FHAH 865 ni/goZ o)A
2 % ql7e) 1 m ol3te)AA 2AY FAEAE wFA] A FHYAE /1A oF 58 nm| HEYAE FHe
Aok & Bg Aol F43 tiF=ln slch AA A2z o QAo Z A=) o] BaTiOs +% La0, s (99.9%, Al-
Z= H A2 BaTiOsdl A 7H-AAo] wt7dx o]% 1 7% drich, US.A)) %2 0, 1, 2 mol% 78l Al=23Y
EA9 kA HAAE AT F 7R £ Y FAAA o B (10¢ : 54 1 1¢ = 20g : 60g : 60g) & etha-
o] iz wigl ko] A¥rt FalEe o)'~Y Fxw nol (99.9%, Oriental Chemical, Korea) & A}-83}¢d
BaTiO; Mebal2e) v Fxe f-H0EAHL 284 & Teflon jar Well 4 36217 $4&% - Z42% 3 1000°C ol
A, 974, 2Rz A Sof AFh JFE et el A 247 stast ol Shag e F g gl e 2 o]
A zv)g Aghe F3A 248 PtEr] Halde HA B S4EF - 2T F 200 mesh AE ARESt] Al A
44 nm 2719} &9y BaTiO, £¢& SUEAR T A Eslgeh. o) g 1 ton/ai®) gHeR dErighEle
A A7 Edtol iRt 3F7F Bt olo] B dAF o] 10 mel Y22 HE 4H¥F F 3 ton/eny o
ol e Zv|Y BaTiO: £4& SHEHUE 39S 9 La’ 08 Jzksriet (Cold Isostatic Pressing, CIP) 8
ol A7l 2 2AY vlAdTE, FAEA S nlxe 3% 1 1200~1400Cel A 24171 Fob aAskdd. (5 &
£ AAHHo R FAF o B4 20|y BaTiOs £Z2A9] o] = 6C/min, 24)

ATz} RSN o)X= HAFA {donor) M7} 23 o]ZA oAl 4724 (o]3} La* -doped BaTiOs &
£ 93]z} g} At Ag) o £2AUEE FHI F XA &
33 (Cu-K, radiation, 4 = 15406 A, step scan-
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ning, 0.02° /step, 1 sec/step, 26 = 20~60°, 40KV - 30
mA, PW1800, Philips, Netherlands), FAHdz}&v|A
(150 K, S-4200, Hitachi, Japan) & F3}xz}3n]7
(200 W, JEM 200CX, JEOL, Japan) o2 47ZAA 2] o]
ATFZ2E B2soct. 22A 9 oFHol| & Flo|2eE He}
600°ColA 1087 %3t 160C7HA] 428 F -50C
712 3°C/min¢] £x 2 Y2X]7]1 LCR meter (4263B,
Hewlett Packard, US.A) 2 F+4EAS S48l (1
kHz, 1.0 V..)
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2% 12 La*-doped BaTiO; &2 9] Hxwisle]o}.
La’ o} #7}5A] @& A4 £2=r) 571 w2} &
AL} Z7hsietzl 1300°Coll A gkl o]& F 2 o]
Ao 2A2EANME 2Z2LEY) 238 gl La’
H7beke] 1 mol% &l A% o1k Ak akihg RolAw
272WE7} Hofol] o]2e £HE7) 1350CE o
7hgte}. o] wf 1350~ 1400CoA e £2UEE La*
7heke] 0 mol% A wek & ko7t gldl whehed 1200~
1300CellAE La* #H7heke] 0 mol% d =l »js) &
3 v ghs 7hAlch @8 La® A7eke] 2 mol% QA
e B8 2EglM £2UEY) 2A LR o} g
Z7ksked La’™ #vleke] 0 2 1 mol% A =l wlsh &=
3 W& kg zhet)h La* #vkke] 0, 1 2 2 mol% &
73 D7 27ALE7) 1250, 1300 2 1400C 4 o
olEHUE2 86% o139 U=E spAlch. (WA BaTio,
o) o]24WE: 6.012 g/cm?)
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28 2¢ FAbAAEeREe® FEF La'-doped
BaTiOs &2 A9 vl4lF2e]z 2§ 32 o]2%-F Image
-Pro Analyzer (Media Cybernetics, US.A.) & o]$&38}
o] AH&% La* -doped BaTiO, &27Z2A9] HF Y7o},
La®* o] 375 ob& A%, 1200~ 1300C 4= 110 —
240 nm2 FFd7Ae] tstA F71sARE 1300~ 1350
T2 2EF7A 2k 67wl o]2& wi% wlE Aol
Aot 1350 % 1400°ColA 2z 16 H 22 me} ANt
FAYAS 7S & o Aok @9, La* Hrlede] 1 ¢
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Fig. 1. Densities of the 0~2 mol% La* -doped BaTiO; ceramics
sintered at 1200~1400°C.
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Fig. 2. SEM micrographs of the 0~2 mol% La’ -doped BaTiO, ceramics sintered at 1200~ 1400°C.
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Fig. 3. Average grain sizes of the 0~2 mol% La* -doped
BaTiO; ceramics sintered at 1200~ 1400°C.

240 nm % 105 — 130 nmZ £7Z2L% 0 ulz} HFdA
o] tbi 7t} 4% 2u|¥ BaTiOsolA A== &
AZF A7) La* o] Arlel s kel La* Hrjek
o] FNAFTE £ELE BB FFYA FVHEE Fa
e AP ERE La’ o Hrlell 28] =8 BaTiO, Al
Dao) gl 228 dAEE & 5 o

a3 4+ 1400C oAl 4 224% La* -doped BaTiOs &2
Ao XA AsRlele}. La®™ A7kl FAlgle] o)xpadel
o)g A aE HEEA @skem La* o] HrtEA] oL
739 44.85° F 45.38° 94 FA == AHukd BaTiOs2
(002) 2 (200) 3A¥=7} La* H7lekel 1 2 2 mol%
Q] 7% olubA BaTi0:9] (200) SAA=E HAL=EHE 44,
96° ¥4 FHHS ¢ F ) o7 FHA=Y F
e La* o] #7EA &2 1350~ 1400°CollA 443 7
$E AN BE A8, & 23F PFYAHe] 240 nm ]
#9l E La*-BaTiOs 2 An|el4] $25]5ic}.

31y b& FHHxIEv|HeE #FEF La* -doped
BaTiOs 244 (&£ZL2%: 14007C) 9] HA|ok4t (bright
field image) o]c}. La® o] #7}=E%) 942 ZAfol+ <F 100
nm9 &g 7= 90° A £9 (ferroelectric domain)
o] # witslo} glxjut La*™ HriaFe] 1 mold al 75l
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Fig. 4. X-ray diffraction patterns of the La* -doped BaTiO; ce-
ramics sintered at 1400°C; 0 mol% (a), 1 mol% (b), and 2 mol% (c)
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Fig. 5. Transmission electron microscope bright field images of the 0~2 mol% La’"-doped BaTiO; ceramics sintered at 1400°C.
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Fig. 6. Dielectric characteristics of the 0~2 mol% La* -doped BaTiO; ceramics sintered at 1200 (a), 1300 (b), and 1400°C (c).
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Fig. 7. Relative dielectric constant at room temperature (a), Curie temperature (T¢) (b), relative dielectric constant at T
(c), and diffuseness of phase transformation at T¢ (d) of the La* -doped BaTiO; ceramics sintered at 1200~ 1400°C as a
function of La* -content.
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Fig. 8. Relative dielectric constant at room temperature (a), Curie temperature (T¢) (b), relative dielectric constant at T¢
(c), and diffuseness of phase transformation at Tc (d) of the La* ~doped BaTiO; ceramics sintered at 1200~1400C as a

function of grain size.
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27 78 o|ZHE| 4% La*-doped BaTiO: 2249
La* FHzjskol] 2 A2 vlf-A4E, F82= (Curie tem-
perature, To), Teoll A9 H ol vlf-4& 3 AHHo] dqtst
% (diffuseness, 4) ®W3dlejt}. 4+ Tc- 10C < T <
Tc GGl (T-T) & 8%, -{e,.- (e,atTd} / (¢
at T & 522 sgde 49 7&7IE2, 471 #HE&+5F
T < TeollAd 259 Zhaol we} v]F-2& o] ShikshA 7
23E, & TeollAe Aoyl gubstA] dofidg ofuldt
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ZA$elle 90° £ F9uj7} 30% ol el2 3 A2 u|-f-A
£ 1300% 9R el whsl, A E2E FHEAR
ste HFadAde] «F 1.5 md el A=A oF 17%
tho] 90° #9& 7HH o B4 AL v]R-HEo] 4500 HEE
F7he] &ald vl Sloh” B dFelA] Qi AP A,
Z HyFsi7e] 240 nmolA 110 nmE 4ol wat 4
< v FAgo] HARE sl A BaTiOs &2 9
BFUZ) 0.7 molA 0.3 moz ol upe} Ao
] 2apslubA  (pseudocubic) Ti= APMbA (orthorhom-
bic) ¢ & Ex3le] AL BlF-HEE 5000014 23007+
Aagche 7129 Bu¥e 4t gl e R ofs
g 5 gioh g, £ AFolA dejdl P el
E Teoll4 Y A v AT Teoll Mo Ao} datsle
7+4% TEM % XRDol| ofsf w3{x ule} 2o} giAe] &
A 7haol 93] 90° 99 wayo] A Holl we} o)
Al A shE ) R-g- 2 0] 9517} o A o] glukAte] 4
oA EqpAato g Exjsled 7|ste ZoE sHE
F Qo). o)} e FA )4 BaTiOs &2ZA> "= &
E Pb(MgisNbys) 0’9 = (P,-,La) (Zr,Ti;—,) 04"l A
= B3% v} e}

4.2 o

29y BaTiO; +%& SUEAE 33 La> & 0~2
mol% A7sle] 1200~1400ColH 44% La* -doped
BaTiOs 2Z A4 La* H71=ko] 371855 244
7rasta §]Adake] §243] AAIE] La* o] ArisA 4%
1350°C oldelld £Z7 7A+E AYslnes BF 110~
240 nme| FFY7AE 2= 20|19 La* -doped BaTiO;s
2ZAE A& & Uk olEig 2w|Y La* -doped
BaTiOs 27 9] A5 4L A ZA Este] HA4
739] 7}2=ol o} AL v]HAE, TellAe 2o vj4-3E,
TeollA o] Abde] ghtsle = F3] #F43k%ict. &3 XRD

olsfd - AWF : 2] La*-doped BaTiOs Mgtz 29 ojH72 g 454 961

9} TEM 2 23¢ FF YA 2o el AAutgn] (¢/
a)el 90° o9 Raier 7age o 5 kol g2
A olg} e HFAEA L JAEAL gAe] < 240
nmZ §723] Agg %2v|Y La*-doped BaTiO; £A |
o4 90° £ AAo] Aol W} ol o2 PRrgH o
2 gojgo} TAbal qlubAo] A1z FebHale ® 2
A= 7ldsls Aoz sAstedn.
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