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ABSTRACT In order to understand the effects of the axial magnetic field on the silicon melt
flow and oxygen transport in a silicon Czochralski (Cz) furnace, a set of global numerical simulations
was conducted using the finite—element method for the magnetic field strength from 0 to 0.3 T. It
was assumed that the flow was axisymmetric laminar in both the melt and the gas, the melt was
incompressible and a constant temperature was imposed on the outer wall of the Cz furnace. The
results show that the silicon melt flow is suppressed but the heater power and the axial temperature
gradient on the melt—crystal interface increase when a uniform axial magnetic field is applied. The
average oxygen concentration along the melt—crystal interface increases in conventional Cz furnace but
decreases with increasing of the axial magnetic field strength in Cz furnace with gas guide.
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Czochralski(Cz) LR MBHR P ERKBERENREEMNTIEZ — EXHTES, dEhE
BREGH MR EAI SV FEROE T AR R BIRES, HEINRE S 25 f 5 G B A K AT T s —
MAEBT . A, FEEERITT KB SRIFFTMEERN O~ SREH, ERSHERAT,
RN BT SHBANH, IRARES V] R SR L MR B, FEOE B4R M1 43 A A R 3 ST
ERIECHWBEREL G, BRZE T BRI MR, X5 B R 5 1 2%
& B FRREAT TARKR R4k, Bl R E EH IR RO R R M A ERMEL EWRES M, £H
HAE - EAMRENTREREERLRNEREE BR, XEEMSThHRIBEAEAY, EHi,
HT T Cz Py ikasst, WHTRASRMITE B0, B Cz iR ERERERER. |
MEEERARS. RS ERARNLEE SN —MEECRR. A0k AARTm s R #s
Xt aE B & Czochralski A= {13 R 52 M.

1 38 it W 8

WAL AREE Cz § I B E5H 538K [5,6] A, FE 42 360 mm, F & 817 mm, H3RNE
£ 72 mm, FEER 35 mm, Cz PHMVERRFECRE To(=350 K). AT HRER SN EFAR
G ERGEW, EEEE B RE EMEET —SESKR SRAEER, BE: (1) SHMEERR
P AR RSB, BRI EE R, BREEK SN 2 Boussinesq 3L (2) HRH
FHAESE; 3) EERAE LBAEREE, Fit, FERERVESRE Tn, Bk - SKEREE
R R Yang-Laplace F#2; (4) EAH 0 AW EIRERENE, EHE - SiEE B FE LA+
H R B R S AR R AR 2 B A TR TPERRE 1), BREFEANSHTHEERSEE
R ERRRE LU (5) FEMR - HHIRAE LR BB R TERITH; (6) BNV ZA
T, A RSN R R E.

ELERBERMET, Cz PASHBERFERN:

EBEF: Vv =0 pv- Vo= -Vp = V-1 + pigB(Ti — Tw)e. + Fi, KF FF=J x B
>4 Lorentz jJ, J =o(yx B — V@). p10p1v1 VT = AV VT, vy - Vzo = DoV - Vzo.

TESAHH: V- (pgvg) = 0; pgvg - Vg = —Vpg — V- 75 — pgges; pgCpgg - VIg = V - (AgVTy);
V - (cggysio) = V - (cgDsio Vysio)-

BESEF: pCpsVie, - VT = V - (AVTy). FEMAEFH: V- (MWVTh) + ¢ = 0. EHEE M
fA:H1: V- (\WVT)=0.

U EERAF, v AEBERRE, p NEE, p HES, v AN KR, g YESMEE, 8 HiEHE
PR RE, T VIBE, e. VEEFABRMERE, C, HEELH, X HIFRRY, c HE/RKE, D
HREY AR o Ay 53 E G EMSHEPERENER L Ve HREERAEE, ¢ A
MRBERE, o HEFR, 6 HHERFE, B MR, T 1 ZREE, ¢ RREME, O FRE,
SO FREALRE, s BAME, h BRIIKE, | FRECHEE, n BREE DREMR: EFE
AR, iR Sk B B &M, Bl u=0, v=0.

EHR 5B FRE: zo = 0.01 x e(7-8-22370/T), . J=0.

ERESSENEBRRE: n-u=0;n-v=0;n:nt—75:nt =47V -t v —t-v,=0;
—\n - VT = =Agn - VT + graq,; Ysio = 10132520e(178-21000.0/T) /Pys —co Dgion - Vysio =
—caDon - Vzo; n- J1=0.

EEERSSEHAE: hn -V — An - VT, = pViAHin -e,; Ti = Ts = Tm; n- Vo =
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Ven(1 — k)xo/Do; n - J1 —n - Js=0.

EFESPAOL: ug=0; vg=vin; Tg=Tgo; ysio=0. FEEMKHWHOL: 7 n=0; n- VIT,=0;
dysio/92=0. TEHERBERE: —\n VT = —Agn - Vg + Graa,i. EMAIEE: n-J=0. H
i on HREAAEMAR, t AREEMYIAER, v, WBEREKTBERY, AH HEE
femth. FRAEBRE T=T=Tn W, BRERENERBE ERF guai= cion[TH -

(3 AjesTiGs: ) [As/=i] HRTEBTEIRIIEIT B, Hork & HHESE, oy W Boltaman HH

J
Gy BB RE T A REE SR (8] BAM BT,

KAWL LR Petrov-Galerkin AR T H KR LR L RM M EHEE, HHXBRAE
SWHE R TTER, 5B BT, B R B ANRER R ¢ FTl, T1EAHLE
U ¥, BTR3NS BB BN 54542, 55107 F1 286428. FEHELT RS, P FRILAL
¥, SPEEEEE. INhESThR, RERE. URSEREBMENSE, Ty RES . kMK
T, B, SRR RIE B R 4 5 AT AL E MR Al Newton—Raphson J7 3%l BR LK #%
—HAERERE T RATE. AT EAFMYESE S TR [5,6] HF.

2 HR5WR

KT T3 EARAATHT O, FEHFE R B AR e o R R Ay R hLE
PRHH7E 1.1 mm/min 7675, JH0H BEAYIREEH7E 0.08 mm/min LAPY. FERIMARERSMBNAMAT,
HEF AR v RERR, HEION: u= (1/r)0¥/0z, v=—(1/r)0 ¥ /0r.

BRET ST S AR S R B R/, BERAFFIRECEFREEA, £ LREE
I —AKE BRI FIRME. X TR Cz 47, e E R EH L, KBRS, XHE
RRB R BN, RSERRE, A EHESRK TS TREEER B BRE, AE
H iR L= — MR YIRR , SRR ok (5] & 2).

2.1 HM Cz PAAK

Bl 14T HIERE C2 PrARKMFREN M (ZN). BENSFR BRI HAEE -
SERE RO SAERSRRY (GHWN). £/ 1a B, HEK RS b EANRBH LKD), HER
1b o, HERE RN R F . B4 S FIRES 1 FI B9 Lorentz SRS IEE). ZERFMELR T, 741
PERFRFE— D KRBT 4t 7 TR RS A IR, TTFERR 4R B o 5T L3, SRR MBI T; FES, A
AR SRR ARRT UL, ERERGE, REEERE Pr $UR/D (Pr=0.01), BEEH
BX M PR S A B R R AR, SR B S BRI I N BB I BB R P LR AR R
MR, MEETERERESRY, Lorentz S AR FIRCHINIS Tk i 3h, FRE 2SN,

B 2 4 TR A Co PR K IR BR, BT Lorentz JIKYIEA, &
PRET T B ], BRI BRI RS Ymax FEERET IR BRI KT 2RI/, HBIBHI 5
R R ARG R T4, 62(45 R EmSME R LR S A DRl IRZ ) BN (B 22). B
I, T SRR F A SR AR AR B, AR R NS TR P. R R R EE LT, AR E
AR EH B AT EE T WiRR (B 2b); B3—FHE, A TARFEEBENTHE, FREH.O
LRI RERRBEBREE (0T /02). #K. RN, h T AN BEBRET R, ERkSHRNATEE
ZHEBBIEES. FURRHEERARABANNEATRARAESAE, E5EFEL
T EIRE [Olave 1K (A 2).
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Fig.1 Isotherms in hot zone, contours of stream function and the gas flow vectors above the

melt/gas interface in conventional Cz furnace
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Fig.2 Effect of the axial magnetic field in conventional Cz furnace

2.2 RAESHSR Cz PAAR

B 3 i TRAFEERREREE C2 FARRKMFERIDA (M), BENFREHLS
fifpEtk - KR E LM KRR ES HN). EXF Cz i, Fra KEEBESRKES
THEHEEE hRE. FI, 768 hRE L2/ E— MR YIRS, 7ERF R E bR Tk
B —IRETE T P BERE R IR A (B 3a); MFETERMEIREST BT, S AR IR F S BAR KR, P
B R R R0, AR RLEY E ph 2R T B AT S 7 16 e f  R L I 55 (7 3b).

XFRAERFRE Cz 47, RN ERLET, b THEMR B Lorentz SN, 15
PRI BR T R 3 Vrmax FEERES TR BE I T SRR, 458G F R WEGE R T, 48
ORI R BB BE TR K. A T 4R R Y S AR DL BE, MIAERROZHER P bR b,
MR B R HARE 0T Wagk (B 4a fil 4b). YMEFREGET, FEEERE H BRE
RRF 3L NG Bk 177 10 T e S 6% O B — R SR BE X T A, L (R L BE B 4 4R BB FE Marangoni
BOVAE R T AR Z 450 FE. 5 ICEIEE, S35 00 BE R i o SR o BE R SR Rt 7E SR U A B AR
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TR MR FE T A R B MR R R X R B R A . YEER e, BT HR%
TR BRI 55, T R B R R B R R, B, BEE R R B R 1, 454 R E T
SRES TR (B 4c).

SR FHRE 5 —1E 2 REA SOt/ s R R T R S8 5 IR, Féﬁbu%%ﬁijﬁ&iﬁ% HEE
2 FIE 4 WTUAREL, SEMEEE Cz P, BESESROEERE Cz P iniasoh R 8
/D, ERHERE B R E AR 0T g/, {3 i 1 15 B AR B K.

=

(a) B=0 ®B=0.1T
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Fig.3 Isotherms in hot zone, contours of stream function and the gas flow vectors above the

melt/gas interface in Cz furnace with gas guide
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Fig.4 Effect of the axial magnetic field in Cz furnaces with gas guide
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