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Effect of asymmetric magnetic fields on the interface shape in Czochralski
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Abstract Silicon single crystals are grown by Czochralski (CZ) method in different growing conditions. The different
shapes of the crystal-melt interface are obtained with various magnetic fields. Effects of zero-Gauss plane (ZGP) shape and
magnetic intensity (MI) on the crystal-melt interface in the crystal experimentally are investigated. The shape of ZGP is not
only flat but also parabolic, which is due to magnetic ratio (MR) of the lower to upper current densities in the
configurations of the cusp-magnetic fields. As the MR increases, the crystal-melt interface becomes more concave. It means
that the hot melt can be easily transported to the crystal-melt interface with increasing the MR. Effective shape of the
crystal-melt interface is found to depend on the magnetic field in cusp-magnetic CZ method. The experimental results are
compared with other studies and discussed.
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Fig. 1. The Czochralski system with cusp type magnetic apparatus.
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Fig. 2. Distribution of the cusp-magnetic field with MP =219 mm and (a) MR =1 and (b) MR = 1.63. ZGP decreases with increasing
MR at the fixed MP.
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Table 1
ZGP and MI with MP =219 mm and various MR

MR=1 MR=14 MR=1.6 MR=2 MR=23

Center of ZGP 219 152 127 61 24
(mm)
MI (G) 22 53 76 117 174
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Fig. 3. Numerically calculated and experimentally measured

the shape of the crystal-melt interface in various MR, where

sim and exp represent numerical simulation and experimental
results.

AFoM e Eols AlEE M E 11,62, 16.83 mm
A% A= 7.0, 92 mm 22} YER} MR 7ol we}
ao) AW Feje] s sYs ARHS B AEA
o} FR|EfA Y] ARyt 2 dAHE BoE o= A
22 gHll 7k vt 71| FEjel wet oL
A FPo FFE WHS HoAFE FAoIth
Sim[7] 5& §U2] =O|(Melt Level, M/L)yl| w2} o2
N Aol A wstel g AgellAM/Lel STl
we} e Ae] Folrh ZAaEs JERIAL olE A
A%t % flow pattern defect(FPD) 2] A ol tha}
o] FPD7} A= Al Vib, & UE=r Ak o
ol¥E Hisith & AEE s UCMFE]
A7k 538 Qz =i ¥l APt I3
Ty 2 APS MRS #EE Ut A 1dE 94
o EN Al WEY 2] FEE 7IEH vEA
24319 cH(Table 1, Fig. 2). & MR F7k= ¢
el ofgh A7) FE7F AT g0 vA= FF
o] B AL owstal =7k 3]Hel oJgk A i
(forced convection)®} A} tF-(natural convection)”F
AAEL omjgit}, WbH MR S712 ¢lsle] XEA g
HE Yehle ZGP =, =7 S ZGPe| 3ae
ol A 2ol 271 AI71E Ao EA A

20
£ 18 —&—MI weak
S > —&— M| strong
5 16
(&)
< 14
o 12f
£
_GC) 10
= 8
S s
<
5 4
T 2|
0
0 25 50 75 100

Radial position(mm)

Fig. 4. Calculated shape of the crystal-melt interfaces with various
MI at a fixed MR =2.
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Fig. 5. Oxygen concentration with various MR (ZGP).
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