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Abstract

A new frequency. weighing sensor was applied to grow Bi;,GeO,, crystals in the auto-di-
ameter control system of Czochralski method. The rotation rate was varied in the range of
23 to 21 rpm to preserve flat interface in a given heat configuration. To prevent the con-
stitutional super-cooling from the evaporation loss, 105% stoichiometric amount of Bi0,
was employed, equivalent to 6.18 molar ratio of Bi,0, to GeO,. Transparent and light brown
Bi,sGe0,, single crystal in uniform diameter was grown. The dislocation density was det-
ermined to be 10*/cm’ corresponding to the optical quality in commercial applications. The
grown crystal measured diameter 25 mm and length 70 mm and the preferred growth direc-
tion was confirmed to be <110>.
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f: measured average frequency (1/s);
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Table 1. The measured frequency in weight and the
constants calibrated in this study

Weight (g) Frequency
0 510.90
5 511.40
10 511.88
20 512.88
50 515.89
100 520.84
200 530.69
Constant Value
k, 1.15419573876656 X 10
ks -3.38455837542780
Wo -2.78199000031632 x 10°

k; & k,' constants varying with gas pres-
sure and string thickness.
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Fig. 1. Schematic diagram of Czochralski system used in this study.
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Fig. 2. A example of signal pattern of diameter re-
coreded in computer: (D a plunge of diameter, (2) un-
stable signals induced by abrupt change of interface
shape.
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Fig. 3. Photograph of gfown BGO crystal using Pt
seed.
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Fig. 4. Photographs of the grown BGO crystals with
different complementary Bi,O; contents, a) 0.1 mol%
Bi,O;, b) 0.2 mol% Bi,0;, ¢) 0.3 mol% Bi,0,.
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Fig. 5. Photographs of the grown BGO crystal. 0.2
mol% Bi,0; was added for the compensation: a) used
seed crystal, b) Pt seed.
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Fig. 6. Photographs of inclusions in BGO crystal.
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Fig. 7. Photographs of grown BGO crystal (0.3 mol %
Bi,0; added; rotation rate: 30 rpm; growth rate: 2
mm/hr). )

W - A5 -

HZ 23 A

Fig. 8. Photographs of grown BGO crystal (0.3 mol%
Bi,O; added; rotation rate: 18 rpm; growth rate: 2
mmy/hr).

o] Zglo] wol 3=l IALEEE 23~21
rpmoE WS 71HA] A% A o7t B2] A
qS Holr o] A% At Fel AT A5
2315 o] Fo] T AA L AT 5 Y 24
A& Falsksdvh(Fig. 12).

=

43. Aol NEYS U H8l
SAE DAY AP AAPES S|

[l

Single crystal

Powder

(110)

2 ki & il L}

5
CuKo(28)
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Flg 10 Photography of TEM for BGO single crystal.
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Fig. 11. Etch figures of BGO crystal reacted in 19%
HCI solution at room temperature: a) Inside BGO
crystal, b) Outside BGO crystal.
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Fig. 12. Patterns of the signals recorded in computer
during BGO crystal growth process (0.3 mol% Bi,O,
added; rotation rate: 23 to 21 rpm).
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Fig. 13. Photograph of the grown BGO crystal (0.3
mol% Bi,0, added; rotation rate: 23 to 21 rpm;
growth rate: 2 mm/hr).
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