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Effect of Oxygen Partial Pressures on the Growth of Oxide Single Crystals
by the Floating Zone Method
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Mikio Higuchi and Kohei Kodaira Graduate School of Engineering, Hokkaido University
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This review deals with effects of oxygen partial pressures
on the crystal growth of oxides containing transition ele-
ments. Rutile (TiO,) and chromium-doped forsterite
(Cr: Mg,SiO,) single crystals are successfully grown by
the floating zone method. Rutile single crystals are grown
under a low oxygen partial pressure of about 10 Pa to
avoid the formation of low-angle grain boundaries. Zirco-
nium-doping is effective to grow rutile single crystals
without low-angle grain boundaries and bubble inclusions
at a high growth rate of 10 mm/h under a high oxygen par-
tial pressure of 10° Pa. Cr**-rich Cr: Mg,SiO; single crys-
tals are grown under a high oxygen partial pressure of 1-2
10° Pa, which can not be realized in the conventional

Czochralski method using an iridium crucible.
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TiO, == TiOz_x+§ 0, (1)
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wh b, BB Tith, T3 15,0, & LTEDI
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5. MERECECTREREZME CIIE—F
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—>F—%FEHL, Y7 A THREDBEIV LB
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WECH - T, YY), BREKWMPTFZEC LS
LNFNBERDOBRE AR, Fig. 1@ KR
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Fig. 1 Effect of oxygen partial pressure on the quality
of rutile crystals grown by the floating zone method:
(a) 1x105Pa; (b) 1X 10 Pa.

Vol. 27 No. 5 2000

(289)

LRBEDETH 1. i, BEKMFDOERT
IRERE, EER, HiEDRT7 A -2 %K
2 THMBEDOKBRBEEBIADREr . Th
R LT, CORMPTCEREIT > &, Fig.
1(b) D X 5 AW b T hi/MEAK R D
RENRONB DD, FREHBIESKA 7 Y —
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. BEoBE - BRFIC X 5/ MABK R OBK
i T U EoBEFR TR v, TALLT TR
EhEZTCABEMIARCER T2 LN TE

Feed Feed
Molten Molten
Zone Zone

Crystal ////m Crystal /
] é ;
T1
Temperature
Gradient
Lower Po, Higher Po,

Fig. 2 Schematic diagram of the FZ growth of rutile sin-
gle crystals under different oxygen partial pressures.
Broke lines indicate the critical Ti** concentration
to suppress the formation of low-angle grain bounda-
ries, which are formed above T3.
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Cr: MgsSiOy DFEFRAFBIC BT 5 7' v — g
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CrO,+ (Sigh) * = (Crif:) *+Si0, (2)

CI‘QOg + 3 (MgMg2+) %
== 2(Cryfp+) "+ (Vpge) "+3MgO  (3)

T, S ECE) X FRFRERED
Sitt 44 bR Sitt ESitt %A b Crtt %
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DXL ->TRIND. —F, Co+ 5 Mg2t +
1T PCABE, —ODEEME D D(Crifes) &
ZODHBRE B O Mg 2T 8 (V) " D354
T 5. CrO; & CryOs BT Xtk D FHG I b 3F
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Cr,O4 +-;— O, == 2CrQ, (4)

(2)-DREHELEHED LRAVENS.
2 (Sls 4+) +2 (Cng2+) ‘+ (VMg'H-)”

+3Mgo+—o2

== 2(Crét) * +2$102+3(MgMgz+) x
(5)
BRAIFHEDO LMD £S5 ICBM Y & ORMEDOE
B3RO X 5 cBBEMT SRS,
L(Crie ) ]=2[ (V)] (6)
(wﬁmﬂ?5$@ﬁﬁuuT@;5mma
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ZCTao, IBESECEBECHEEMT SR LB
EDOEETHEH(Thbb, ap,=Po,/ P%; PO=1
bar). Mg,SiO, 1D Sitt & Mg2t DOEETEER
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CORCESHTHEDEER & Cr: MgSiO, F

OCrtt BEOBFREEDL LIDI Fig. 3 TH

Fig. 3 Result of a model calculation on the oxygen ac-
tivity dependence of the fraction of the chromium

5. COBRIEEOEBEE TH YLD, MR, ions that occur as Cr** ions in solid Cr: Mg,SiO,
Mg,SiOs DRSS B TLEAIRD. L close to its melting temperature.

> T, Crtt BEX®ED DI, TEXHKET

ECBESE T CRABTRYT O LERDD. e

T, MESEY 1-2x100Pa & L TFZ ¥ osr

X bCr: MgSIOL BFEMODEBER LY I k- 06[

fo. MgpSiOy D@l H 1890°C L IFEHEHF L, o4f

Bl FITFETIIA YV oY A B EDFANNAT 3 o2}

B, FOBLEE Clobic, DL 5B i
RAEOFES K S LIx TRV FZE E @

X b EVBESE T TER SR Cr: Mg,SiO, _o&
BERIEANCRFTRAY L, BREORV

LOTH o, Thu AR LORHTCE “
Fithw g Lick 25, S PIHETEH o2r

B, bENHM TIXRE, SO WP TIER %600 800 1060 1200 1400 1800

B Rz 5B SEELY R LS. ORI Wavelength (nm)

B 46 % 1= 550 nm, 650 nm ¥ X % 750 nm % Fig. 4 Emissiorf spectra of Cx.': Mg,SiO, singl.e crystals
DETB 3 OOBHEA LTHR Y, ERHHIC e commaoety atalble Crrns
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SCTBDRTFZEX D S 273 EEVCBESET T
BRINTBIC L HEETH L, Fig. 3 Dl
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FETEIERERCED X 5 I EYRIT T
Bt T2 L3RETHS. LT, AT
Blé LT D o Iofdnict 3 581, 5o
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ER LTV SRR ERT 5
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