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2009P00040 EP/ St A method and an apparatus for grow ng
20@9§¢¢¢§@nE§y§€le crystal froma nelt The present
e

disclosure relates to a method and an apparatus for 5
growmng a silicon single crystal froma nelt. Mre
specifi- cally, it relates to a nethod for growing a
silicon single crystal according to the Czochral sk
nmet hod while inposing a horizontal magnetic field on
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zontal magnetic field onfrbe ememelteduces nelt

convection and the dissolution of SiO fromthe

cruci ble. As a consequence, inposing a horizontal
Thaagnesést fdesdlosutberabhites sta asunehide dmdsanazegyratus for

for producing silicon sin r I in elas .+ 1
ool o S be S o BT ST Pafa S YRb ! @ SRBHL PDuOrd Sofeci £
calbpt therexyges consenéthodoficr ngrogihgcansisiaghesingle

crystal can.be |owered Lncreasi f a -
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i ncreased gas flow rate enhances the transport of Si O

meE@%ﬁorating fromthe melt so that |ess oxygen is
i ncorporated in the growng silicon single «crystal.

25 JP2004- 196569 _A di scl 0s a met hod conprisin :
Tt stFulbane: Bugt yfﬁaﬁ%t?gl ﬁi ﬁéf’t ?@% al Eﬁ%’gi %ﬁﬂgﬁs%a?gt%ehorl“
zoRQA 1 ZRAGALLt MBOREELE ohi thd AsUtt heduokensely obntbetion and

as flowin order to produce Iom#gﬁégen sili

gas, . [ |
tn§| A4PBOLRYSPRI ST FhMleVERD CoRt PERFIAY thBS30 axpapauence:
imposihion Rbribhenbali #eghatigagnetéicohi ehd meyui i #saasuitable

strategy for producing silicon single crystals having a rela-

tively low oxygen concentration.

Tt is further known that the oxygen concentration in a silicon
single crystal can be lowered by increasing the flow rate of
inert gas flowing between the silicon single crystal and a heat
shield to a melt free surface. The increased gas flow rate
enhances the transport of SiO evaporating from the melt so that
less oxygen is incorporated in the growing silicon single

crystal.

JP2004-196569 A discloses a HMCZ method comprising simultane-
ously controlling the axial position of the horizontal magnetic
field and the intensity of the gas flow in order to produce
low-oxygen silicon single crystals. However, controlling the
axial position of the horizontal magnetic field reguires a

complex control system.

It is an object of the present invention to provide a method

which is suitable to produce low-oxygen silicon single crystals
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conpl ex control system It is an object of the present
cobopenbhonebpsprovide a method which is suitable to
produce | ow oxygen silicon single crystals 2009P00040
EP/ St 2 and which requires mnor efforts for
controlling the oxygen concentration. The object is
achieved by a nethod for growing a silicon single 5
crystal froma nelt, conprising providing the nmelt in

an@ ﬁﬁyéhbfgquiﬂggsmfﬂoﬁ QPE&EQEtﬁérnggﬁgibPlihﬁlQh@noxygen
he nelt having a magnetic induction B at a

CO%@%@EFatﬁoﬂrrectlng a gas between the silicon single

crystal and a heat 10 shield to a nelt free surface,

and controlling the gas to flow over a region of the
Theetl]¢ekels saehbeeedhPyha ereened far agBpPyeeyi@nsilicon single

cr%ﬁ?éiaﬁﬁbﬁ|%ymefgrp§§g$ FpLapqto the magnetic induction

ject 1s er achleved by an appar at us
prévrdgrowing Belsiincancsiagbeetr yst al fronwa mel t,
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I mposi n onta nagnetlc
ma@ﬁét;CthﬁduagnQM|B &1 et dfhaVd ngeatenghetic i nduction B
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o Bhefindal W PSFLER, Goolal LR LEb S H LRI R e
shielgrtens mhithfrseconnéated anda bottom cover facing
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R SLLL I o e TS L Me S et

The object is further achieved by an apparatus for growing a
silicon single crystal from a melt, comprising

a crucible for holding the melt;

a magnetic system imposing a horizontal magnetic field on the
melt, the magnetic field having a magnetic induction B at a
field center C;

a heat shield surrounding the silicon single crystal, the heat
shield having a lower end which is connected to a bottom cover
facing a melt free surface and having a non-axisymmetric shape
with respect to a crucible axis M, such that a gas which is
directed between the silicon single crystal and the heat shield
to the melt free surface is forced by the bottom cover to flow
over a region of the melt free surface which extends in a
direction substantially perpendicular to the magnetic induction

B.

By using the present invention it is possible to grow gilicon
single crystals with an oxygen concentration of less than 5%107
atoms/cm’® (according to new ASTM) in at least more than 50% of

the length of the cylindrical part of the silicon single
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over a region of the nelt free surface which extends

20b9p80odbr geyEen substantially perpendicular to the
magneti c induction B. 30 By using the present

invention it is possible to grow silicon single
crystals with an oxygen concentration of |ess than
5*107 atons/cnB (according to new ASTM in at | east
nore than 50% of the length of the cylindrical part

chEtEPe %kéf&9§b§bn9£el@QQ@HQQPéOtﬁgﬁsﬁO3° Qﬁasﬁ?era Fiferably

prefera east nore than 70 % and nost pre
moﬁﬁrbhﬁhaﬁtaleﬁ§53808% % The horizontal magnetic field
which is inposed on the nelt 5 suppresses thernal
convection in the nelt mainly in a part of the nelt
Thehhehiexneadstpanatiel fieldhehihagnesi cnpagdedt pontide melt

' t
ouFFELFLR0;horkE BERPEPLLLRL S LA papRla AT g e of
theveeld wegcbnenfende paealléleeosuhéamegmb91e thduction B.
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thaomekonfake magnéace isefdrcé@ntooflongomértherg@somoof the

o] over isr on_of the ne .free.s a
me H ¥eafe S hecr o OhF Bt PPt LPErFT T ek T FEon the me1t is
enh&dueesdthetoxygeﬂmabncenvéation whichhiesmebdt anpprhssed by

3 ALEPROFHRS! SoShYPLal oy daRoCBL LI L8 S0P IEL g <o rlow
ovéedukiagréheosoasunpeimal of fraer sughscehicbresseneededremoval
or 108! SLLL 00, LS, PLYRERS00B0LY BLLON) DoSLLLERM: son 4o
thé45Re MM @hd20h8DE €11 EoRVenhbaatkystabe flow rate of

inert gas which is
According to another aspect, the invention also provides a
solution for reducing the consumption of inert gas which is
needed for controlling the oxygen concentration in silicon
single crystals having large diameters like 300 mm, 450 mm or
more. Conventionally, the flow rate of inert gas which is
needed to achieve a target concentration of oxygen in the grown
silicon single crystal depends on the diameter of the single
crystal. For example, a higher flow rate of argon is needed to
maintain a certain oxygen concentration in a silicon single
crystal having a diameter of 300 mm compared to the flow rate
which is necessary to maintain the same oxygen concentration in
a single crystal having a diameter of 200 mm. For technical
rezsons like insufficient pump and vacuum systems it becomes
more and more difficult to provide the required gas flow, 1if
silicon single crystals having diameters of more than 300 mm
have to be pulled in a conventional manner. However, by per-
forming the method according to present invention such diffi-
culties can be avoided since a lower flow of inert gas is
needed for achieving a certain oxygen target concentration in

the single crystal compared to the flow rate needed for achie-
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needed to achieve a target concentration of oxygen in

20bbpogbheWNEpgLLi con single crystal depends on the
dianeter of the single crystal. For exanple, a higher

flowrate of argon is needed to nmaintain a certain
oxygen concentration in a sil#con single 25 crystal
having a dianeter of 300 nm conpared to the flow rate
which is necessary to maintain the sane oxygen

v1ﬁ$”€ﬁ@tEQ&éOBXygenatékﬁgkec&ﬁ&éﬁ@ka@@&hnﬂy ?Qk§8§ﬁ§ﬁg a

hni cal reasons I1ke insufficient
copviapt hpdeasatnPdystens it becomes nore and nore
difficult to provide the required gas flow, if 30
silicon single crystals having dianeters of nore than
ThgObonhrohbwe maghetpal Fedlilnia conventlyonarerahpdrby means of
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! ent ention ties can e avol
sysmateiaal bvefwitbwespeabrtogascigcinbededifol) around the
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e S|ng e’crys ar éd OM/ra neede
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t ar.get ncentr ation b erforn,n onye on
aihEhR5a ERRCERN P biPar HrRgRar i M Hafa AOBECRhenPEboibte. The
mageeﬁiatﬁﬂdbytmeans oéprésannagnEE|magyetEn1modpctsongof the

nof CERREE L BB et b b GxPE W oarbind TRELCEI G bl o,

The_fleld center C defined in accordance with the
i med iavention is the inters ctiog of a hﬁr i zont

iy InkS ai O AP RGVTRL. ol TS PREbCRAPURE ShEaXre” kg C/pical
febberesusEbberufhecdOsangaplecrbndyebivbngBsiepresesingle cry-
Sthi el ACUPLRRT Fol BPEGHKGr BEChP], Phfic GecPag amache Clained
inGERssonecti onal view showing typical features of a

furnace suitable for growing silicon single cry-
A crucible 1 holding a melt 2 is arranged within a housing 3
and rests on a lifting shaft 4. A single crystal 5 is pulled
from the melt by a pulling mechanism 16 while a horizontal
magnetic field is imposed on the melt. A heat shield 6
surrounding the single crystal is provided to protect the
crystal from heat radiation radiated from a side heater 7 which
is disposed around the crucible 1. According to a preferable
embodiment a further heater 18 is disposed under the crucible.
The housing is steadily purged with a gas entering the housing
by a gas inlet and exiting the housing by a number of gas
exhaust openings 17. The gas is directed between the singile
crystal and the heat shield to a melt free surface 8 and
further driven from the melt free surface between the heat
shield and the crucible wall to the gas exhaust openings 17.
The gas is preferably directed between the silicon single
crystal and the heat shield to the melt free surface in a non-
axisymmetric way with respect to the center axis M. The

magnetic field is generated by coils 9 which are symmetrically
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15 stals according to the HMCZ net hod and features of
206 08066 86 efl/s¢ nvention. A crucible 1 holding a nelt 2
is arranged within a housing 3 and rests on a lifting
shaft 4. A single crystal 5is pulled 20 fromthe
melt by a pulling nechanism 16 while a horizontal
magnetic field is inposed on the nelt. A heat shield 6
surrounding the single crystal is provided to protect

arfé‘l‘%‘?e&r yéﬁ@ﬁn%r% heatcadh at 4100 ffé’i&‘t @éjnttéf’r@l aols' A¢e

er 7 whic I's disposed around the crucible
hopezorth hgnaonet e ef ke bb| &s 25cenboch entbn the th@tersection of

a ﬁ@%&ﬁ%ngﬁqyﬁlgﬁép%§§§?ﬁﬁ€e{héh@bffyciﬁ%§H%§£AUS|ng %gcenter

is stea pur ge gas entering t
axps gasof ntlet andecBxlei Nbhe heamtsmglrwunatmmb@t dfe gﬁseld

R e e Tt
accordares 8vanid 30 forehent dxmwetmtiwr@mmmehmwm@bd 6 com-

pr%gé%agebg@{&ﬁego$ £ P@a&hléﬁle @@9 é{gacrgc blfﬁ%%ﬁlby

as exhausi openings 1 gas’is p efer
scmwsa,ct‘ml et weewe t hendi o f cohne shlem@lt eshmy@tahd afmbet:hethe melt

heat ield,to.,the nelt free surface
e T e s
redpecB35toagnet tenteel akis r@e@ﬁr‘ah@dcﬂyci:}mlé sad wheches as a
009P00040 E arranged ar
o her & UETEI 60 L THID {107 P bnter CBIOTFD A HoTT o8 e Lhe melt
fré@gaet f&cé i ehich sexepti@sent ed @yré&mﬂmmtﬁmbfmémtﬂalﬁy perpen-—

a horizontal pl di vi di th | to hal
.S £ontal plane dividung Lhe £orl sk Dalyse 2D con-

troIOUEH | Ole agat heo T FBbE Sveenties msltepresenietady imea non-
magneti c i nduction B. In accordgnce with the p

x| THBREH GHC {HEY HEAEP SHRBRECD Lonbhfr rebben HOLE o chverraing
to 1l MhéEbrisdcOMPEsiLEnt Cof. the XBv®Ytion, the heat shield is

attached to a support in a manner which enables turning of the
heat shield. Turning the heat shield and the bottom cover which
is connected thereto allows to more precisely contrecl the gas
flowing over the region of the melt free surface. Turning the
heat shield to the left (right) will direct the gas flow to the
left (right) of the region. It is also preferred that the
exhaust openings 17 are disposed in a non-axissymetric manner
with respect to the crucible axis M in order to promote the gas
flowing over the region of the melt free surface which extends
in a direction substantially perpendicular to the magnetic

induction B.

Fig.2 depicts the bottom cover according to a preferred embodi-
ment. The bottom cover comprises a ring section 11, a brim
section 12 and a collar section 13. The brim section can be
flat or convexly or concavely bent. The ring has an inner
diameter which is sufficiently large so that the silicon single
crystal can be pulled through. The brim section extends

horizontally from the ring and the collar section is connected
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screws, to the lower end of the heat shield and faces

20b9p008Le sbyse surface 8. The bottom cover is
non- axi synmetric with 10 respect to the center axis M

of the crucible and serves as a tool for controlling
the gas to flow over a regionsof the nelt free
surface which extends in a direction substantially
perpen- dicular to the magnetic induction B, i.e. as a

to%@@é 58f?fogd?ér8fl£ﬂ8 $P§m9§§0E905!9M508§fe$%§ @@fﬁically

ree surface Tn a non 15 axisymmetric way wth respect
tovardpetioermettaxis M According to a preferred
enbodi ment of the invention, the heat shield is
attached to a support in a nmanner which enabl es
The uehfegt obf t hiee hewenshoel ds Turvhey chelddacdshyeteferring

a h tom < \Whj i $.COoN d :
co S fabe SRLPE ERLEFLIT Dot Far e S bEET fiy ien o
Figvéranflerepygeoenos dheanedl fueetbuehgioethJushmgbetdeystal in

heat shield to.-th ef ri,gh Ll di t . .

a FERRREOE LR PLEET FE ke aPPbethh o §ERE b Q8ePRS inductton
B. preielyethé¢ hatnghe cexbaabt5ppenengsudibhe el di shosedlt 2 and
in_a non-axissynetric nner . Wth rgspgec o th . .
thg RAFDPE SRTSENES reby dRPOTS: PBROTE (T GAeb S5t 1 F o fipection
of ovie¢ thbetreghoacbiohhernebtsfree” sdephce whectiextends of the

in a_directi bstant i al | di cul ihe. o
E1GRGREC T 557 nauct | off BLP b, 32 Beph B < NG  bol bt chver i tally

disecoedi bgtiocn phefresedsenbodi {n30 skotn) Tard bohéosingle
cover co section 11, a brim section 12

CrERbTa Earpéésgé%?iﬁﬁggsﬁuﬁ 8°Br¥m section can be flat

or convexly or concavely bent. The ring has an inner
cndl GUELSL W.Ch 1 sut (121 S0t Ly S0 SO sun ehac
thbr §gs SeEL ERNi exEePdst 88 betkzent ahbysingiet beystay and the
heggesﬁgéigrtgegééogeig %gggeg&ggaggo§go gﬁgegpégtf?ow over a
region of the melt free surface which extends in a direction
substantially perpendicular to the magnetic induction B. In
this region, the evaporation rate of SiO is enhanced since
thermal convection “Si” in the melt is less influenced by the
horizontal magnetic field and the gas flow “Ar” readily removes

310 evaporating from the melt in this region.

The region preferably extends over a sector of the melt free
surface having a center angle o which is not less than 45° and
not more than 135°, wherein the center axis D of the sector is
aligned perpendicular to the magnetic induction B or, due to
the influence of crucible rotation, is directed in a direction

deviating up to -30° or +30° from the perpendicular alignment.

The brim section 12, the collar section 13, the melt free
surface 8 and the silicon single crystal 5 form the boundaries
of a channel 14 which controls the gas to flow along the inner

wall of the collar section towards an opening 15 in the collar
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to the outer edge of the brimsection and extends
20M§Ebb§@b|MP/§?“ﬁrds the nelt. The effect of the
Invention 1s further explained by referring 5 to
Figs.3 and 4, wherein Fig.3 is a cross-sectional view
of Fig.4 and represents an axial cut through the
single crystal in a direction parallel to the
direction of the magnetic induction B. Miinly the

segfﬂghe @B¥SEQ£Bém EB@ Eryg'gkggése&hsu lEhgtaEHe 59@ exiting

ottom cover ar e S epl ct
thei ppening fdowE otiernbhe ceavent P&ntharmens fn@é surface

: di ;
wh?ﬁ@?%%g%@gFi&éegﬁgg%?QE BHesuég?%??ﬁa?}gaﬁgr egdlgﬂlar to the
mabeéh@enindechéan Bhi@hd bnon shownpnahd &he shagtellar

sec Stagatgréhgha & rg% §QEE?C€0 x%é gh€r%8%%§PEe%ﬁeto the

Xi ricaf | yoshapen sit
magaetmblmhdustdoneBtewhbetmeehlehethenghe Ciysiny hetween the

el P R88heshgL By 0oL, FELELLE S B4 LASRabtol JEERELLY anc

fuexhendsmpnoacdi tBet renovslibstaat bl ByCpérprendheuhattt o
t he magnetic induction B. In 20 this region, the
evaporation rate of SiOis enhanced since thernal
Figgnsecbienshsw"tha shepeebt tselbssminébuennedcbyrﬁhag to

ri zont al netic field and the gas fl
prSRurey PaRbILeshEl o Bhabiat RoCHIBR trE hafE pnshapg which
isf?@Eﬁﬁnga?afP¢FﬁggEDn?ﬁrelﬁﬁpbhyaEXﬁem§87mvet Ragehkoe the
(0] e nelt ree rtrace avi C \
ShaRECALi @ RBELRBGLCT RAKIAS AAHPARG: ﬁ§ e (Fhin 53%% ends which
arwhereipribheiconbebaaxhedD(efigt be. SEﬁt@éséStha|bgmﬁdsectlon is

pendi cul ar to the netic i nduyction B or,
en&ﬁég?ﬁfFEéﬁégeéﬁe&VuEPb%EerB?QPFBHC F&gBFFé8PeB ﬁga ratio

L/ﬁ'chEh@nlggggﬁVLahhﬁgtHB tht30W06f+3Qefb@ﬂmtB@ctlon pre-
endi cul ar alignment. The brimsection 12

feéébﬁﬁrséﬁéﬁﬁéﬁslg ot RETRBLE: f Led < sB/Wa6e380an3L?héength L
andl £heopi8kAokeiaExstakbt5ihorAkt Benbaundar 88 ring 11.

The bottom cover is preferably designed in a way to keep the
influence of the bottom cover on the axial temperature gradient
at the growth interface of the silicon single crystal as low as
possible and to reduce power consumption due to absorption of
heat radiation emitted from the melt. For this reason, the
bottom cover is preferably shaped such as not to substantially
extend in the direction of the magnetic induction B. A
preferred material for constructing the bottom cover is

graphite.

Figs.9 and 10 represent a view on the top of the silicon melt
free surface without the crystal and the heat shield being
shown. It is demonstrated that the center axis D of the sector
is aligned perpendicular to the magnetic induction B or in a
direction deviating by an angle p of up to +30° from the

perpendicular alignment. The algebraic sign of the angle B



of a channel 14 which controls the gas to flow al ong

20b8s0bppgr gBpswal I of the collar section towards an
opening 15 i n the collar 2009P00040 EP/ St 7 section.
The bottom cover is disposed such that the gas exiting
t he opening flows over the region of the nelt free
surface which extends in a direction substantially
perpendi cular to the magnetic induction B. The brim

de%@ﬁ Lop 1@h@”§1£58t§8£'@f §o§§€£bﬁno%3tl%ec§ @Pﬁge, i.e.

referably to extend transversel magneti c

clpplucseonk By . THi soenapheterhelga Wf-’ﬁ@vm ﬁggb%t weehat hen.
melt surface and the brim section with enhanced
velocity and further inproves the renoval rate of Sic
fromthe nelt. 10 Figs.5 to 8 show the shape of the
brimsection according to preferred enbodi nents. The
bri msection may have a shape which is rectangul ar
(Fig.5) or elliptical (Fig.7) or may have the shape
of a rectangl e having rounded ends (Fig.6) or ends
which are elliptically broadened (Fig.8). In case the
brimsection is 15 enlarged transversely to the
magnetic induction B, the ratio L/Wof the length L
and the width Wof the brimsection pre- ferably
satisfies the formula: 1.1 < L/W< 3.0. The length L
and the width Wintersect in the center of the ring
11. 20 The bottom cover is preferably designed in a
way to keep the influence of the bottom cover on the
axial tenperature gradient at the growh interface of
the silicon single crystal as low as possible and to
reduce power consunption due to absorption of heat
radiation emtted fromthe nelt. For this reason, the
25 bottom cover is preferably shaped such as not to
substantially extend in the direction of the magnetic
i nduction B. A preferred material for constructing
the bottom cover is
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graphite. 30 Figs.9 and 10 represent a view on the top
| nelt free surface without the crystal
20§%55p§46 Eb?gghleld being shown. It is denonstrated
that the center axis D of the sector is aligned
per pendi cul ar to the magneticgi nduction B or in a
direction deviating by an angle p of up to 30 fromthe
35 per pendi cul ar alignment. The al gebraic sign of the
Ie 2009P00040 EP/ St 8 depends on the direction of
ro Sfion of the crucible, i.e. clockwise (Fig.10) or
counter-clockw se (Fig.9) rotation. 2009P00040 EP/ St 9
ains: 1. A nethod for growing a.silican s n
1. Gy EEERof, SRFaThaNERY RoNpirPHG SA Bl By RGAEherRE £ melt,
compras¢hgcible inposing a horizontal nagnetlc field on
tg g magnet i #nductlon Bat afield
prggﬁgépgc Wg Fihg & 65&068 Ween the silicon single
1mpb¥$h§|aahdrazhﬁahl ﬁhgﬁbdlt0faemelbnfthe suiltaheyiagda
10 controlll g t he ag g h w_over a reglon of the
magRPELFr dBIUEHLPECE fhi eRt8ndE FRaCdi recti on
dlﬁgbsiagtaabhs b@@ﬁ@éﬁdtﬁé|@ﬁl&@ohhslﬁggeebkgstaduahﬁoa heat
2. A et hod accordln to claim1l1, wherein the
Shﬂ@é?oﬁoférﬁﬁlg T15°sBEEORCEF ERE nelt free surface

coha¥bNdiAgCenbegaangberacwhbeéBr kSregiohess thanmédtandee
not nore than 135 and wherein the sector cogEglses a

suggarer "Rkre BXWANER 1B A AgreatperpeHRFrEaNE 2 Y t he
pePBOAGL EG1LPAYE LRB BaghetBcaidiiieetibAnpdeviating up to

Cl

2. A method according to claim 1, wherein the region forms a
sector of the melt free surface having a center angle « which
is not less than 45° and not more than 135° and wherein the
sector comprises a center axis D which is aligned perpendicular
to the magnetic induction B or in a direction deviating up to -

30° or +30° from the perpendicular alignment.

3. A method according to claim 1 or claim 2, comprising
controlling the gas to flow over the region of the melt free

surface by turning the heat shield.

4. A method according to claim 1 or claim 2, comprising driving
the gas out of the crucible in a direction substantially

perpendicular to the magnetic induction B.

5. An apparatus for growing a silicon single crystal from a
melt, comprising

a crucible for holding the melt;

a magnetic system imposing a horizontal magnetic field on the
melt, the magnetic field having a magnetic induction B at a

field center C;
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30 or +30 fromthe perpendicular alignnent. 20 3. A

2088bbedapCcEOrding to claim1 or claim2, conprising
controlling the gas to flow over the region of the

nelt free surface by turning the heat shield. 25 4. A
met hod according to claim 1 onpclaim2, conprising
driving the gas out of the crucible in a direction
substantially. perpendicular to the nagnetic induction

a ﬁeaé ﬁﬁg?ﬁpgﬁﬁkggnEQF?QEH@”leﬁcghlkgﬁ lé'E?&SFal the heat

crystal froma conprising a c uc
shheldi hgvihe aseloyea ﬁagnehichsystsnnhﬁpbsdngoaa bottom cover

fapl%ng%éht”?%st Eﬁr[:é%!e.d bQ%m bt no}lh%(g?g%yc%flc shape

d havin magnet i ¢ |n I on at a Cén
wiCh 2@99@06040 EPtSuCibleaaheatMshsebU shatoandaagwhheh is

aifk ck%S”b%k&% Lg %£¥Séaiic5$eahﬁ§3e g@%nglhgx&ngh heat shield
IS connecte a (0] om cover acl ng
toathelmeiteérsarBacéaaedlbaﬁonged hgnthgibyhﬁemrbover to flow

shape. wi.th r ct to,a cru0|bl ax
ovE R e hon ook BRF ont St S EPHoB R ERGS ST P B e AgHe 1 a
dieeystah aanthﬁthealyspeebdndEOunhe tel thérmegratiaceénduction
5 is forced by the bottomcover to flow over a region

‘of the nelt free surface which extends in a direction
substantially perpendicular to the magnetic induction
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is not less than 45° and not more than 135° and wherein the
sector comprises a center axis D which is aligned perpendicular
to the magnetic induction B or in a direction deviating up to -

30° or +30° from the perpendicular alignment.

7. An apparatus according to claim 5, wherein the bottom cover
comprises a ring section which is surrounded by a brim section
and a collar section, the brim section and the collar section
forming a channel which has an opening for directing the gas

over the region of the melt free surface.

8. An apparatus according to claim 7, wherein the brim section
transversely extends to the magnetic induction B and has a
shape which is rectangular or elliptical or has the shape of a
rectangle having rounded ends or ends which are elliptically

broadened.

9. An apparatus according to claim 7 or claim 8, wherein the
brim section has a length L and a width W which intersect in
the center of the ring, wherein a ratio L/W fulfills the

formula: 1.1 < L/W < 3.0
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