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Accelerated testing for evaluating bubble quality within quartz glass crucibles
used for manufacturing silicon single crystal ingots
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Abstract To verify the quality of bubbles during the use of quartz glass crucibles (QC), an appropriate accelerated testing
method was proposed. The bubble state of discarded waste crucibles obtained from actual Czochralski (Cz) processes was
analyzed, and optimal heat treatment conditions were suggested by varying temperature, pressure, and time using the QC
test piece. By subjecting the samples to heat treatment at 1450°C, 0.4 Torr, and 40 hours, it was possible to control the
bubble size and density to a similar level as those generated in the actual Cz process. In particular, by selecting a
relatively lower pressure of 0.4 Torr compared to the typical range of 10~20 Torr applied in the Cz process, the time
required for accelerated bubble formation testing could be reduced. However, it was determined that increasing the heat
treatment temperature to 1550°C led to the phenomenon of Ostwald ripening, resulting in larger bubbles and a rapid
decrease in density. Therefore, it was concluded that it was not a suitable condition for the desired bake test.
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Table 1
The experimental conditions for baked test

Experimental

conditions ! 2 3 4 3

Temperature (°C) 1450 1550 1450 1450 1450
Pressure (Torr) 0.4 0.4 0.4 0.4 720
Time (h) 10 10 20 40 10
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Fig. 1. A schematic diagram of a baked test.
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Fig. 2. The schematic diagram of BT conditions.
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Fig. 3. photographs of samples before and after baked test.

cGaxlet @l HEE ARSA, BT £1& Fig. 29
Table 19 YERHRJITH Table 13} Fig. 201 Yephd w}
o} o] BTE st 2%, o 9 A7F 7ol ujet
AEE 1-50o=2 7 A &% I 13 2,
A7Fe] FEES- 1, 3, 4013 FFHol| gk vl A|HS
I 5 z7olh. AAl AR F HZIE =r1e] A
Czo 2 7]kttt 29| 2+ A" dAN,) 4
AN 10°C/min® S7HIAL, A AR Bl & Y
z7e wEl Y=ek. BT 159 Alge A
< Fig. 39 #t}.

2.3. 7| £A

7129 A4, BT 52| 7|x 27] Wsiot 7|x d=s
431 fsh g3t YAl #r173(OM, Nikon SMZIS,
Japanyg A3l AZS AT BE AMEES 40
vz #FPen 7| G719 712 dxE 43t 7]
E7F 9 gol A 7]xe] o] BAs 71k o

The area S mm away from the BC layer - near

The area 5mm away from surface of BF - far

Fig. 4. Measurement of bubble density and bubble size in VBT
test.

w9} 27l Hee) & & glonw BT A4S da =
£ AZe vl BA oo 24sks Fo] ofd w



94 Gyu Bin Lee, Seung Min Kang, Jae Ho Choi, Young Min Byeon and Hyeong-Jun Kim

Fig. 5. The state of bubbles observed by optical stereomicroscopy: (a) 1450°C, 40 hours, 0.4 Torr bake test, (b) QC discarded

after use.
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Fig. 6. The change of bubble densities according to baked condition (a) near the BC layer (b) far from the BC layer.
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Fig. 7. The change of bubble size according to baked test con-
dition.
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