Journal of Flux Growth Vol.9, No.2, 2014

b

J5R 2 5 3
KRBRIEICK S SITIO; BigRD B & TDIE BT

JIFEE— 2", REMTE’, &REM’ LAEN’ BFx B’ REER' ABEHE'

' ZEBTYRF REESIIVIRHME LU E—, 507-0071 IEERBZARTES K 10-6-29
e ENH, 247-0007 BWEFER/INE 7 A 2-4-1
EEBIEXRE BEMBISER, 466-8555 2 BETHIBMIX HESATHT

Crystal Growth of SrTiOs by the Flame-Fusion Method and Their Optical Transmittance
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StTiO; (STO) single crystals were grown by the Flame-Fusion Method (FFM) using raw material powder prepared by solid-state
reaction. The raw material for FFM should have the fluidity and the stability of dropping rate. In order to stabilize the dropping rate
the compressibility of powder had to be controlled within 35~45 % in this method. STO crystals grown from this material had high
purity and good crystallinity. As-grown crystal was in dark-blue color and conductive because it was grown in H,-O, combustion
flame. After heat treatment in oxidation atmosphere, the color changed to brown and it was insulated. On the other hand, heat
treatment with hydrogen, the color changed to slight-yellow and also insulated. From alternative heat treatment in O, and in H,-N,
atmosphere and experiment of impurities dopant, it is thought that the brown color is attributed by Sr vacancy with trapped positive
holes, and the slight-yellow is caused by hydride occupying oxygen vacancies.
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Table 1 Major impurities in raw materials and crystal analyzed by
GD-MS (Analyzed by Evans Analytical Group in USA.).

(ppm wt)
Element SrCOs TiO, SrTiOs SrTiOs
(99.99 %) (99.99 %) powder crystal
Al 0.29 0.29 0.81 1.3
Si 22 57 59 0.11
Cr 09 1.3 0.81 <0.5
Fe 1.5 4.1 22 0.62
Co 0.19 <0.05 0.18 <0.05
Ni <0.5 0.28 0.13 <0.05
Nb <50 <0.5 2.7 1.5
Ba 5.7 <05 0.69 <0.5
La 9.6 <0.1 <0.5 <05

Table 2 Experimental conditions for granulation using Taguchi
method (L8).

Factor Level 1 Level 2
Dispersant amount 5 wt% 7 wt%
Water content 10 wt% 7 wt%
Mixing time 5 min 10 min
Rotating speed 6000 rpm 4000 rpm

EEE, Xy TRE, BREAZOKMKBEIISYET AR
RV AT I7a )2 C, R ROE T &ILFMmERKIC
AT A= —%FH LT | DEOE TR EZOREE(L
ZRE LT,
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MEEL, EA 05 mm, 2 mm, F£71% 5 mm OFREEZE
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F 72 X HREIHT (XRD) 1% RIGAKU Smart Lab (2T, REi¥otr
X GD-MS (Evans Analytical Group (Z4&#H) (2 CTHIE L 7=,
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% T 22 E M Stability
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[EfER &3ttt L TRT, BROEMRIZKISTRT L O ICES
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JE#E=R Compressibility = (TD—BD) / TD x 100 (%) (2)

(TD: Tapped density, BD: Bulk density)
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Fig.1 Factorial effects for initial dropping amount of raw material,
(a) interaction effect with dispersant amount and mixing time, (b)
effect of water content.
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Fig.2 (a) Initial dropping amount and (b) dropping stability vs.
compressibility. Stability = {(Max-Min) / 2} / Average x 100 (%)
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Fig.3 Transmittance of as-grown crystal and photograph of as
grown boule (Sample thickness: 0.5 mm).

As-grown fEEIE, SEHILEH TH o728, NHIXER
(BHFE) %2 LT\, As-grown ffmOE G RIEIRICBIT S
WD) X, BEEEIZRDICONTRIAERLTWHDZ &En
LHEBFICLZWMNTHD EEZOLND, ERBRFOR
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Fig.4 X-ray rocking curve for substrate (Graph: Typical data,
Table: some measurement data).
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Fig.5 Transmittance of STOs heat treated in air at various
temperatures.
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Fig.6 Transmittance of STOs heat treated in air, in IR region, (a)
wide range, (b) at near the 3500 cm” (Sample thickness: 2 mm).

(b)

Fig.7 Schematic images of lattice defects, (a) interstitial
hydrogen, (b) trapped hole and hydride.
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Fig.812 700 °C, 10h, ZEXKH, O, FIFB LU H,(10 %) -N, H
(BLF, HpNy) TEVLEL L 7230 OF il R L B O EH 2R
T, BEICIXFRRHCEULE L7z TiO, Hfsd OLF V) % ik
ELTORLTE, As-grown fifblE, miRTARFICELIVELIN
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Fig.8 Transmittance of STOs heat treated in air, O, and H,-N,
atmosphere at 700 °C. Photograph shows specimens compared
with TiO,.
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BERZETIRONR -T2, 2O NS O-HEA IS
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Fig.9 Transmittance after alternative heat treatment in O, and H,-
N>, at 700 °C (Sample thickness : 2 mm).
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Fig.10 Transmittance of STOs repeated heat treatment in O, and
H2-N,, in IR region (Sample thickness : 2 mm).
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Figll 22 b DOHEs R—7 LIGEOFmREEZ RT,
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INEL IpoTz, Al B R—7 L72BAI2E, Al A4V B
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Fig.11 Transmittance of Ba, Al and Si doped STOs heat treated
in Hx-N,, at 700 °C (Sample thickness: 5 mm).
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TEULH L1256, ZAKEEZ CTEUHALZEALTEEL
TWHZENG, STORMmP TEETHDL EEZDND,

ZDEHIZ, STO fEEDONFRFFEL, StZEfic T v
SENTIEA, MBEMEICRYIAENZKE, S5ITKFREIK
ENEEL WD I EBRHLNE o T,
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