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Growth of bubble free Ti:Al,Os single
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Shin-ichi HARA
Nobuhiro KODAMA
Yyka NAITOH

Seiji ODA

Tadao TAKEBAYASHI

Behavior and mechanism of the bubble incorporation have been studied for Ti:Al,O3 single crystals grown

by the Czochralski method. Bubble incorporation was closely dependent on the shapes of crystal/melt inter-

face and the kinds of growth atmosphere. Crystals with a nearly flat interface were free from bubbles

regardless of the kinds of growth atmosphere and, by using a helium atmosphere,bubble-free crystals were ob-

tained irrespective of the shapes of interface. It was suggested by ESCA studies that the bubbles in crystals

were attributable to gaseous decomposition products from AlyOs, such as AlO,0, and Alp2.
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TP
Schematic diagram of pulling ap-
paratus by RF heating.

1 pulling rod, 2 seed holder, 3
water-cooled chamber, 4
Alumina cylinder, 5 Zirconia
shield, 6 seed, 7 Ir after-heater,
8 single crystal, 9 RF coil, 10 Zir-
conia powder, 11 Ir crucible, 12

Fig. 1

thermocouple.
Table 1 Growth conditions

Ir crucible 47¢$x48.5

(mm)
Pulling rate 0.3~1.0

(mm/h)
Crystal rotation rate 4~-80

(rpm) B
Growth direction f110] [110]
Atmosphere Ns, Ar, Ar—H,, He—H,, He—0,
TiO, concentration 1~3

(mol%)

L%, ICP REnHmiEic L v 5t Lis,
FERNOSEOTR, KEIBIUCKBOGHE, X
PRSI X VEE L, KJEEOMDE, 274 A0
TLmoREMERE LTHY, KRBT LK
(ESCA) iz X v f#th L1z,
ERAEER & Kiaafm, BlGELOBEELH A
o B oIz B F IR 2R~
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Fig. 2 Bubble free Ti:AlyO3 crystal grown at a
pulling rate of 0.4 mm/h and a rotation
rate of 50 rpm under He—H, atmosphere.

Table 2 Examinatio& of Bubbles in Ti:Aly,03 Crystals

drowth Condition -

Titanium

Clg(s)‘fal Concentration  pylling rate Rotationrate Atmosphere irﬁg?;ile/g}ige Bubbles
(atm?%) (mm/h) (rpm)
1 0 1.0 30 N, convex Yes, along the central axis
2 0 1.0 60 Ar convex (h) Yes, along the central axis
flat (m) layered
concave (1) layered, Periodically
3 0 1.0 10—30 Ar convex<30 Yes, along the central axis
50 flat=50 No
60 concave>60  Yes, layered, Periodically
4 0.05 1.0 10 Ar—H, (0.5%) convex Yes, along the central axis
5 0.1 1.0 10 Ar—H, (0.5%) convex Yes, along the central axis
6 0.05 0.3 8 Ar—H, (0.1%) convex Yes, little, along the central axis
7 0.05 0.3 8 Ar—H, (0.1%) convex Yes, little, growth direction [110]
8 0.15 0.3 6 Ar—H,; (0.5%) convex Yes, little, along the central axis
9 0.05 0.4 40 Ar—H, (0.5%) convex Yes, much, layered
10 0.10 0.4 58—38 Ar—H, (0.5%) convex (h) Yes, along the central axis, little
flat (m) No
convex (1) Yes, along the central axis
11 0.10 0.4 8 He—H, (0.5%) convex No
12 0.10 0.4 50 He—H; (1.09%) convex No
13 0.15 0.4 80 He—H; (0.5%) convex No
inversion region Yes
flat No
14 0.03 0.4 8 He—0, (0.5%) convex No

(h) in head part of crystal growth directions are [110] except for No. 7 [110]
(m) in middle part of crystal

(1) in lower part of crystal
{c)

calulated as a function of melt depth
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30rpm

(a)

60rpm
(b)

Fig. 3 Longitudinal cross section of undoped Al,
Os; crystals. The crystal rotation rates
were (a) 30 rpm and (b) 60 rpm.

P e
-]

Fig. 4 Higher magnification photomicrograph of
section of crystal with bubbles.
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Fig. 5 ESCA profile of bubble containing part.
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Fig. 6 Growth striations of Ti:Al;O3 observed by
Schlieren method.
(a) crystal is grown at a rotation rate of 40
rpm under Ar—Hj atmosphere, (b) at a rota-
tion rate of 50 rpm under He—H, at-
mosphere.
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Fig. 7 Incorporation of bubbles as a fuction of crystal/melt interface
shape parameter (H/D) and crystal rotation rate: crystal with
bubbles ( ®) and crystal without bubbles (O) under Ar—Hj at-
mosphere, and crystal without bubbles (o) under He —-H, at-
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Fig. 8 Flow pattern and temperature distribution in the melt and the crystal: Crystal/melt inter-
face shapes are convex (a), flat (b) and concave (c).
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Fig. 10 Variation of rotation rate with melt
depth to keep the interface flat.
Solid line: calculated, (®): observed.

'I‘i("- . 15+
Fig. 11 Growth striations of Ti:Al,O3 grown at a
calculated rotation rate under Ar-H,
atomsphere.
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Fig. 12 Growth striations of Ti:Al,O3 grown at a
rotation rate of 80 rpm under He—H,; at-
mosphere.

Table 3 Thermal conductivities of gases

Gas Thermal conductivity
(10-% cal/sec cm- °C)

He 34.31

H, ‘ 41.81

Ar ’ 3.88

Ny 5.81

0O, 5.70
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