Journal of Korean Association of Crystal Growth
Vol. 6, No. 1 (1996) 1-10

232l A% 8UA AE 9FY YA
Y AXZAGS] Gl B> AT

ol&H, MYH*, 83+
*Arqda} st 7| A4, 23 790-600

A numerical study on the effects of the asymmetric cusp
magnetic field in 8 inch silicon single crystal growth
by Czochralski method

Seung - Cheol Lee, Hyung- Tae Chung* and Jong-Kyu Yoon
Department of Matallurgical Engneering, Seoul National University, Seoul 151- 742, Korea
* Research Institute of Industrial Science and Technology, Pohang 790- 600, Korea

2 o a3gayyel o 8 AT BAY AAA A2z e B X
A4Y A7E Pahgch AAelT #50) Y Tde HeolExs 2L A4stdch
WAALZARE F49) ZEE AASADL, 53 2o A ZHAAS S5 FA LA}
Qxstedct. Ao EYHE Aae) FEE WhEE A2zARY Folel v} stk
227, AYe R EUHE ALEES) FULL FAHAG MANALT ARe APe2 &
Y 244 FEE FAARAL, ARG AosES) FEE A St B
3wl AxzAe) HAY 28¢ AW Sdge s ANY Axe) FES 2E HAAY
2270l B39 Ao d4tHch

Abstract A numerical study was conducted on the effects of the cusp magnetic field in 8"
silicon single crystal growth by Czochralski method. For a damping effects simulation by mag-
netic field, low Reynolds number %- ¢ model was adopted. Symmetric cusp magnetic field has a
effect of damping streamline intensity especially, near the crucible wall. Oxygen concentration,
which is incorporated into crystal, is lowered with the increasing cusp magnetic field intensity.

The uniformity of the oxygen concentration was improved. The asymmetric cusp magnetic field
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increased the oxygen concentration however, oxygen concentration distribution in the radial

direction was remained uniform. Suitable combination of symmetric and asymmetric cusp

magnetic fields could give uniform and low oxygen concentration in the axial direction.
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Table 2

Thermophysical property and operation con-

dition for calculation

Conductivity (W/mK)  54.
Heat capacity (J/kgK) 1000.
Thermal expansion 1.41x10°*
coefficient (K1), B

Emissivity 0.318
Melting temperature 1683
(K)

Viscosity (kg/m Dsec) 7x107*
Magnetic field strength 0~0.4
(Tesla)

Crystal radius (m), R, 0.1016
Crucible inner radius 0.2794
(m), R,

Crystal height (m), h, 0.03
Melt height (m), he 0.211
Crystal rotation rate 3,6,9,12

(rpm), Ws

Crucible rotation rate
(rpm), Wc

Asymmetric factor

-15,-18,-21,-24

0.0, 0.25, 0.5
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Fig. 1. Schematic diagram of symmetric and
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o

asymmetric cusp magnetic field configuration.
(a) Symmetric field and (b) Asymmetric
field.
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Fig. 2. Streamlines variations with magnetic

field increasing when Wecru =6 rpm, Wery
=-22 rpm, Xce=3 cm: (a) B=0.05 T,
(b)B=02Tand (¢c) B=04T.
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Fig. 3. Local Reynolds number variation

with increasing magnetic field.
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Fig. 4. Normalized oxygen concentration

with increasing magnetic field intensity
when Wcru =6 rpm, Wery = - 22 rpm and

Xc=3cm.
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Fig. 5. Streamlines variations with magnetic

field increasing with asymmetric factor is

0.25, Weru =6 rpm, Wery = - 22 rpm and

Xc=3cm:(a)B=005T, (b)) B=02T
and (¢c) B=04T.
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B=02T.
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