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Crystal Growth and Characterization of Metallurgical-grade
Polycrystalline Silicon by the Bridgman Method
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Abstract

Metallurgical-grade polycrystalline silicon was directionally solidified at growth rates of 0.2~1.0mm
/min by using split type, reusable graphite molds which were coated with SisN, powder. The resultant
grain sizes of the silicon ingots and the shapes of the solid/liquid(S/L) interfaces were investigated. X-
ray diffraction was used to determine the preferred orientation in each of the silicon ingots. The impur-
ity content of the silicon was analyzed and the resistivities of the ingots were measured. During the
growth of an ingot, the shape of the S/L interface was concave to the silicon melt, and the resistivity
decreased. The presence of Al which can be acting as a carrier, is thought to be the main factor caus-
ing such a decrease In resistivity. When a growth rate of O.me/min was used, the preferred orienta-

tion was found to be (111). ' (Received January 26, 1994)
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Table 1. Impurity concentration of metallurgical-
grade Si, measured by ICPMS.

Impurity Al |Cr |[Cu | Fe (Mg |Mn| Ti
Concentration 001 o6 | 90 13277 13 | 76 | 646
(ppmw)
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Fig. 1. Silicon ingots(3cm X 3em X 10cm  height)
grown by directional solidification
(a) flat type and (b) conical type.
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(a) (b)
Fig. 2. Macro-etched vertical sections of silicon
ingot grown at a rate of R=0.5mm/min :
(a) flat type and (b) conical type.
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Fig. 3. Macro-etched horizontal cross sections of silicon ingot grown at a rate of R=0.5mm/
min | (a) {s=0.1, (b) {s=0.4 and (¢) fs=0.7.

ARYe ARL 2932S 0.19A4 0.45mm,
2 7RG 04904 0.76mm, -S3E-G 0.89]4 0

o} A7|7k A2} FrbskAn ole ARAAA T}
3 A A Hxuvo] $AA gl A
A/t e AR5 P2 g Jez
A zhE ok,
a
(111)
_JL
b
(111)
I
| I I | |
80 70 60 50 40 30 20
- 20

Fig. 4. XRD patterns for silicon ingot grown at a

rate of R=0.2mm/min .
(a}fs=0.1 and (b) {s=0.8.
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Table 2. Effect of growth rate on impurity concen-
tration in the Si ingot.
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Fig. 6. Variation of ‘Al concentration with fraction
solidified (R =0.2mm,/min).
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Fig. 7. Variation of Fe concentration with fraction
solidified (R =0.2mm/min).
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