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2009P00040 EP/St A method and an apparatus for growing a silicon
single crystal from a melt The present disclosure relates to a method and
an apparatus for 5 growing a silicon single crystal from a melt. More
e OO itefates to a method for growing a silicon single crystal
according to the Czochralski method while imposing a horizontal magnetic
field on the melt, the so-called HMCZ method. 10 It is known, e.g. from EP
0 745 706 Al, that imposing a horizontal magnetic field on the melt
reduces melt convection and the dissolution of SiO from the crucible. As a
CRNAEANBACGTNOsing g holzautat magnelic field on Ihg MElLiS A 101 o erystal
suitable 15 strategy for producing silicon Single cfystals having a re aﬁvé?y
low oxygen concentration. It is furtfe?d e the oxygen
concentration in a silicon single crystal can be lowered by increasing the
W ?é%%x?@ 'QEQ J@g@nggﬂ\qf%%n %e 3'“ %%g%\fgl%%gsgarll aara]g aaratuﬁ for
eat ‘shield to a melt free surface. The increased gas flow rate enhances
WS G pBrtOFSierdvaborathty FEMSRRIMmERYD thaltess oxjges igprecifi-
daddrpprated:ia 1he geowing Silicottsiag € wrystabwbndP 2004: 196260 Aingle
iSC saH method comprising.simultanequsly cantrolling the axial
e T s e et A ELne @
Irgé e prod RedbRics gbhmslifcarrsitdie dtgdials. Howairesr ceonsilingICs
e r@ékaxial position of the horizontal magnetic field requires a complex
control system. Embodiments of the present invention seek to provide a
method which is suitable to produce low-oxygen silicon single crystals
It is known, e.g. from EF 0 745 706 Al, that impesing & hori-

zontal magnetic field on the melt reduces melt convection and

the dissolution of $i0 from the crucible. As a conseguence,
imposing a horizontal magnetic field on the melt is a suitable
strategy for producing siliceon single crystals having a rela-

tively low oxygen concentration.

It is further known that the oxvgen concentration in a silicon
gingle 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 Si0 evaporating from the melt so that

less oxygen 1s incorporated in the growing silicon single

crystal.

JP2004-12656% 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,

Embodiments of the present invention seek to provide a method which is suitable to

produce low-oxygen silicon single crystals



2 and which requires minor efforts for controlling the oxygen
concentration. According to the first aspect of the invention, there is

provided a method for growing a silicon skhgle crystal from a melt,

comprising providing the melt in a crucible; imposing a horizontal

magnetic field on the melt having a magnetic induction B at a field center
BIQiFELHRY & §d4 bethedr BRI siiESivehglcfaysadandalisatshitld t0aygen
aneltéeestiriace, and controlling the gas such that the gas is forced to

flow in a non-axisymmetric way with respect to a center axis M of the

ruci? e over a region of th%melt free surface which extends in a direction

|
L ARRAN el pe hikaP té th & Mrag B D Ra USSRV E A e Sets tEp trgrowing a

subs
ssecordraspectaf theninventionothengiigprovided an apparatus for growing

a silicgn si crystal from a melt, comprising a crucible for holding the
E_Dmelt; a mébg%!éﬁt?c é&sjﬁémﬂ‘i%p’a&)sﬁ:ﬂ%‘hg ‘?‘iglﬁi)?dntal magnetic field on the melt,
HiROFagHetic eliiRanhg h magneticlindGéioniBeat afistd menterG;va heak

makisist surrouadiogitbe siicer sindle evstalathedieat shield having a lower
to a bottom cover facing a melt free surface and

hich. is connecte
dﬁg\g/#lan oﬁ-&?fy%%%ﬁ%e%a Pwith Pt fo-a Shfiter BXRRlofthd a heat
Séﬁﬂée,‘tﬁjéw Wdtta gaswhiohrigadirectedhBetween the silicon single

c&ﬁ%ﬂﬁh@ﬁqé@%g‘ﬁﬁﬁﬁmﬂ%@ é@? {gﬂ?&U&ﬁ&Lﬁfﬁygf}}isafgr%@&@%ﬁ]ﬁcp;%t%@y with
cover to flow over a region of the melt free surface whlc% extends in a
re&%‘iftfé’n%%@?éﬁﬁéﬁI%@Fﬁ@ﬁdﬁ%@r‘ tise megietiefibiadtioh Beavhefeta which

eth DO iCQXRINGAMIGISES 1S PRISREEARMNIER s Sheoundedhy, g brim
section and a collar section, the brim section and thé collar section

Afeuning ashannel whi A ghening for directing the gas over the
reg_iog%f_t_he melt freeczs!g rfa?:c?PB% using élr?i%’otﬁ%r?tss %ﬁo%éﬁeééige%‘?paratus for
evEtBA 98 poskise srfow silkeoh. sirgeisiystals with an oxygen

a nsentation of less1than o 146 alpms/cms3 (according to new ASTM) in

at least more than 50% of the length of the cylindrical part of the silicon
a magnetic system imposing a horizdntal magnetic field on the

melt, the magnetic field having a magnetic induction B at a
fieid center C;

& 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 center axis M of the crucible, 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, 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.

By using embodiments of the present invention, it is possible to grow silicon

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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2009P00040 EP/St crystal, preferably at least more than 70 % and most
preferably more than at least BO %. The horizontal magnetic field which is

igbnosed on the melt 5 suppresses thermal convection in the melt mainly
[

&Bgﬂgﬁﬁﬂe%éﬁ%hich extends parallel to the magnetic induction B.
According to embodiments of the present invention, a gas which is
directed to the melt free surface is forced;to flow over a region of the melt
free surface where the evaporation of SiC from the melt is 10 enhanced
due to thermal convection which is not suppressed by the horizontal
magnedlc, figideContinliing of theegas tadew avesthisgegionl the Melb rereraniy

freesurface g@r%aesgggh%(ge@gval of SiO and significantly reduces the

oxygen concentration in the melt and the silicon single crystal. 15
According to another embodiment, the invention also provides a solution

mermmaomm@p?fﬂm@ma@wm@h%% E@ﬁ_%@%&{ q%ptqgl,!gquelt

n.co tration_in silicon single crystals having large diameters
%’:E%%%%gr%ﬁ’ f%gog ey %8”&1’8?2?’85‘nv%%tig§8|lﬁ‘?ﬁé SR Pate of eft Part of
e Whith i€hoddet s AR vear tdrdel concantativamieoxyged irithet ion B.
grownisilieon.sipglm chstalfeprds on the diameter. gt dhe.sinale.grystal.

{7r example, a hi relex[g‘lao&/v rate og argon, is needed to maintain a certain

oXygen concen ra%on i & silicon s?ﬁ%%%§8ry§?a‘i"f‘ﬂa@iﬁ%% diahétePpf of the
OG- M T npHTéd &6 thdfiew rafeewhickpis neckssary fo sugintaiiedhe he melt is

SAAA XYITENSOPSERtaliaNIN a-sinple-crystalhaving %Qiafm%t%%ﬁ?@_tssed by
ems i

mm.. Far.technical reasons like insufficient pump and vacuum syst
h(-g-:}cohrﬁgsj‘L %ﬁ)gr%aafnén More %ff]glzcu‘gl'}lf%)g ébv%o%rltﬁjéc?%&ﬁlﬁgd Ohs o, gegp to flow
OFifgort Bihg e eg/stdls havibhadiambter§ fencorertan80Dnnrehavastache removal

offuliecbinsa gopveptionat MANNET HaaweNer, Dy Pesiarming H&E‘é‘ﬁ*&%tjbon in
e

t%%cprgg@_taon%mgggime s of the present invention such_difficulties can
avoided sifce a Towerflow 6f et 6 R b achieving a certain

oxygen target concentration in 35 the single crystal compared to the flow
ARterarRABGIBIRS B odiment, 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 oxvgen 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 oxvgen concentration in
a single crystal having a diameter of 200 mm. For technical
reasons like insufficient pump and vacuum systems it becomes
more and more difficult to provide the required gas flow, if
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 embodiments of the 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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2009P00040 EP/St 4 ving the same oxygen target concentration by

performing a conventional method. The horizontal magnetic field is
%wg%ge%%r %d by means of 5 a magnetic system comprising

several colls which are arranged symmetrically (with respect to a crucible

axis M) around the accordance claimed invention is the intersection of a

horizontal plane dividing the coils into hadves and axis M of the crucible.

The 10 magnetic induction B represents the magnetic induction of the

horizontal magnetic field at the field center C. Fig.1 is a diagrammatic
vGrogs-deetiopmeviewsiowingtgsitaldfeatred shAfainadee qutabloforng
Fhovdng sHicon sikgleshystals according to the HMCZ method and

features of the claimed invention. 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
T2€ fiopr e msitlbyra gnaiintemethanisis1 Gonttilerd Hodzastakimagnetic means  off
sligldds dppesed ondhe malbA beatshields surreundingihe single £rystdlanged

is provided to protect the cg/stal from heat radiat réradiated frgm a side b
SYBURT FLRibhYs HspdsebeHBaRE the cflicifiB T *Retordifiy®td d priteiibfe T0¢
cARrierabpdirient afurtheddbateid8isdisposediundér e snacibiée The
chausing is steadily purged with 3 gas eatetingtheousing by 24A%NIgt1 ane

and exiting the housing by a number of gas exhaust openings 17. The gas
diEvdiFEdtgd HetinErt ttie Mbfe BR/ATAT Andte Mot sﬁie?dftotgﬁ‘?néiFﬁgé le. The
meurfacd 8 andi3@ furteriiramriromrnitie nidlefree guefate betisern tlmer of the
nigat3pielchand theseicibie wiall todthe gas exbayst.apenings 17. The gas

is preferably directed between the silicon single crystal and the heat shield

to the melt free surface in a nonaxisymmetric way with respect to the
Feenter AxissMd The Sbumaighetic fielslsis spobiated byvdails Svicingretypical

f§Q@H¥ggc%@/a furnace suitable for growing silicon single cry-
stals according to the HMCZ method and features of the claimed

u

invention.

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 1B 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 single
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 genmerated by coils 9 which are symmetrically
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2009B00040 EP/St 5 arranged around the crucible. The field center C of
the horizontal magnetic field is represented by the intersection of a

Egélégé%a#%a%gl&dmg the coils into halves and a center axis M of the

Crucl he magnetic induction at the field 5 center is represented by the
magnetic induction B. In accordance with the present invention the heat
shield 6 comprises a bottom cover 10 which is connected, e.qg. fixed by
screws, to the lower end of the heat shield and faces the melt free surface

8. The bottom cover is non-axisymmetric with M respect to the center axis

WM R Erucisiedrd $érves wacd-foot forlésnticiingitieegas o flowvera
negionnfihe meltfree surfacewhich extigndsina gifestion substaptialye -+ ion of
perpen-diculay to e magneficnducton B, .g..a3 agol for eonraligg the . .
gas 1o flow over fHie meltfree Suriace I a nonaxisymmetrl%’way with center
radpedt tothékentarmds M Adtordingapstpreféned ehisodiment bethele 1d
davantion: the bpatshigkkis alached te-AaURRQIt ihawaannel whichn
Spables turning,of he heat shield, Turning, he heat shigld and fhe ottom .
cover W?HC IS connec]iled %ere?o allows to more preC|seIE§/ consfroﬁhe gas
ZOLHGWING vk the regivnlof the whélEfreéSuraices Thating the head ssidIdoy
é@lﬁl@%@? @igdm}hawilh@m hte@&aéﬁl%&o E&@ﬂﬁﬁigemc%f;éh@ regieBslti®ic melt
SO preferre that t exhaust openings .are aisposeaina .. .
B R e, TR R S D RS e bk e
TReRRLE the ghb 25 fowing cver thél rédioh vt tiie pidlbfree sufase yifich as a

@%@n%iﬁ %QH@%%Q@§HQS@@§aﬁ;§é@emﬁnﬂi@uabwbeén@g@@tjﬁl of the melt
induction B. Fig.2 depicts the battom cover according to a preferred 3
CH o S0TMEnC The bR Faber ComiLeca iRg soohon Th A BpY perpen
dbetionq 2tand-acollagsettion 189Tké bpim Sectiorfecad Bedlat@pl for con-

convexiypraancauelydent: Thedinghasanitaner diametefiwhichdsin a non-
S e e oL Sl e o s P cor
tgeciopistenrected 2009PEOB4@ EPFBEGinvention, 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 contrel 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 alsc 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 preferxred 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
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to the outer edge of the brim section and extends vertically towards the
melt. The effect of the invention is further explained by referring 5 to

Bigs3 8598 4 W/glcn 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 S. Mainly the single crystal 5, the
crucible 1, the melt 2 and the bottom covér 10 are shown. Arrows "Si"

depict the direction W of the melt convection. Arrows "Ar" depict the

direction of the flow of a gas, e.g. an inert gas like argon, which is initially
Aretier) BetheencReheat shidid Rrolsiiews)and fesinglieerstaas tieally
melfree suHacasi 45 The bottom cover 10 is non-axisymmetrically

shaped such that the gas which is directed between the single crystal and

the heat shield to the melt free surface is forced to flow over a region of

Tenrelfired suifacevhictyextehels ihs diradtiorrssbaantald by referring

perpengicyak taithe, magsetie induction BoIn2Qthis segiencththal view of

evaporation rate of 80 s enhanced singe thermal convection Sl the, ..y 4,

melt is 168S in]?ﬁ}%nceg%y the horizontal magnetic Held and the ggs”ﬁow ¥

aAfireadily Pembees 510 levaporiingHirearthometin this reégiore PEcTHeduct ion

regign preferably exiendsoverasgctar of the meltires surfacedhavingar 2 and

center angle awtieh is pot less 1an.45 and.noLmoce shap 338, Whereln, , oo
& center axis D of the sector i aﬁgnéd perpendicular to e magnetic ™~

fduction® b, AR ieetielifflueAéE BF Brucisie reeribht issdirestégarion of the

ﬂ%:@ﬁtt)i@x 30 dewating, r';gp t@TSG_@MBOQ‘mm@;@eéQ@%I 'QUm%ﬂnﬁﬁnﬁnitially
e brim section 12 the collar section 13, the melt free surfac nd the

Lo S EHars i SeE bothaSics OF & Erao 14 Sich Confiae™e

thy §4as to Hewtdiengehé ina3swaflatehé eollarsection towards an

opening 151n the collar _.. 2009P00040 EP/St 7 section. The bottom

spuet s disposed,such ihat the gas exiing.fne.onening fows.over 6y ¢ nae

region Of the nialt free surface Which extends in a direction sugstantlal(fy

Pegpariicuai i theSmabhete 5t RABAEB T & Brifi- 86dorF T2 Hiiithend the

eHar shield to the melt free surface is forced to flow 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 $i0 1s enhanced since
thermal convection “Si*” in the melt is less influenced by the
horizontal magnetic field and the gas flow “Ar” readily removes

3i0 evaporating from the melt in this region.

The regiocn 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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5 section 13 are shaped preferably to extend transversely to the magnetic
induction B. This enables the gas flowing between the melt surface and

' i ith enhanced velocity and further improves the removal
%ﬁgt@cﬁ%ﬁﬂﬁoﬁﬁﬁe%elt W Figs.5 to 8 show the shape of the brim

section according to preferred embodiments. The brim section may have a

shape which is rectangular (Fig.5) or elligtical (Fig.7) or may have the

shape of a rectangle having rounded ends (Fig.6) or ends which are

elliptically broadened (Fig.8). In case the brim section is 15 enlarged

frafisversely tortherhhhieeHRiuctisn B, Ihe &0 EMW bR Teddh 19aRdex1ting
the:widib \Wref the drign seetion peeferably satisfiesdbedermula: del sl ce

<. 3.0, The length L and the width W intersect in the center of the ring 11.
Soirih, BRyenis 180E MR o IBE N FRY B RR A s o tho

BR tHeebatorm cbver Bth -axialaehipetatifs giatieAtarife dgrowtollar
interfaee of the: silicen single srstalrasioy as pessibleandioseduca:ly to the

ower consumption due to ahsorption of t radiation_emitted fr e
R e P i D e e i AR gk een tne
nelto sudtantaiiextend iR He dreetidRof thetmagheas fflctivhs 1Ay and

prefered materisdder eanstrusting dhe bottombgoverds graphite SGnkigs.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

Béater axis Deofthevsettst isaligRied petpendicdidr &5 el Maghefierding to
Pduction 3 osibadikestion deviatingdiy.an engieop afap t3framsthepe which
35 per ndic\liJEl]g alignment.. The a%% brajc.sign of the an le h
iﬁoﬁﬁ%g?ﬂ% /St gEdleqﬁggn)dsoén t ééﬁgét%%r? off(r%%gtl'or?: of:%emgr\ﬂcﬁg,e E 6‘3
gbaplockwise (F§ 186 eolifettockivise teig)dbtatiors -§) ©r ends which
are elliptically broadened (Fig.8). In case the brim section is
enlarged transversely fo the magnetic induction B, the ratio
L/W of the length L and the width W of the brim section pre-
ferably satisfies the formula: 1.1 < L/W < 3.0. The length L

and the width W intersect in the center of the 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 nof to substantially
extend in the direction of the magnetic induction B. A
preferred material for constructing the bottom cover is

graphite.

Figs.3 and 10 represent a view on the top of the silicon meit
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 te the magnetic induction B or in a
direction deviating by an angle B of up to z30° from the

perpendicular alignment. The algebraic sigm of the angie P



Claims: 1. A method for growing a silicon single crystal from a melt,
comprising providing the melt in a crucible; 5imposing a horizontal
w&gg%d I?E}E% melt having a magnetic induction B at a field center

; Irecting a"gas between the silicon single crystal and a heat shield
to a melt free surface, and controlling the gas such that the gas is
forced to flow in a non-axisymmetric way$with 10respect to a center axis M
of the crucible over a region of the melt free surface which extends in a
direction substantially perpendicular to the magnetic induction B. 2. A
firathod aceording t6 ElmtL aRhereinr the kddgion $drnid a sextoriciihe mele -
freesurface havigg aogenier anglera whigh issnatdess than, 49 apdition.
more than 135 and 15wherein 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. 20 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 25a 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-
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30axisymmetric shape with respect to a center axis M of the crucible, such
that a gas which is directed between the silicon single crystal and the heat
shield to the melt free surface is forcegby 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, wherein the bottom cover
comipEses a ring section which is surrounded by a brim section and a
collar section, the brim 35section and the collar section forming a channel
which has,an-AReRRAIY Lilesting dhe-gasiaver sheeegiampaiipe melt free

surface. 10 Wht%rerlﬂne&rggasgrgé%riecomprises a center axis D which is aligned

revigin : . . . . ..
perpenglcufjérgto e magnetic induction B or in a direction dgwat n .urpatot
-30 or HBGHHHP SRRl P GRNE Re e AeShparatls According -
téeblaieni®, Swherein the brim section transversely extends to 5the magnetic
inductiogi-&apd hassatebapiadiicin ismgetaygpilancor wihiptivalide hawtiee
SQQ%S@%% rectangle having rounded ends or ends which are elliptically
broadened. 8. An appara ordi ' laim_.Z ' i
e G é%%’l%f%%‘ﬁ%ﬁ%%ﬁ??%’?ﬁ?ﬁéﬁ?ﬁ';“
FREPATG S8BT, AT SN TSRS LORATARTES 1T (2 ionce
Amagipsiatus mtebetinepreoiitesto el dife e SIS gas exhaust
openings which are disposed in a non-axissymmetric manner with respect
tg the C%Qh%fh@&(ia?:%ﬂr&lﬁ&l@f&éﬂﬁ@'%@ﬁ%@%@iﬂﬂ% dadlow sTves the free
region of the melt free surface whi o
oS RRIAP e S R GL I g 12 o
AP RSCGFSARRG S SARTIES R SEHAR Sliened perpendicuiar (bhe agnelic

induction B of in a direction deviating up to -30° or +30° from the perpendicular alignment.

3. A method according to claim 1 or claim 2, comprising controliing the gas fo flow over
the region of the melt free surface by tumning 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 siicon 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 fleld center C;

& 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 & center axis M of the crucible, such that a gas which is
directed between the silicon single crystal and the heat shieid to the melt free suiface is
farced by the bottom cover to flow over a region of the melt free surface which extends ina
dgirection substantially perpendicular to the magnetic induction B, 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.

B. An apparatus according to claim 5, wherein the region forms a seclor of the melt free
surface having a center angie a which is not less than 45° and not more than 135° and
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from a melt The invention disclosure relates to a method and an

apparatus for growing a silicon single crystal from a melt. The method
comprises providing the melt in a crugiple;  imposing a horizontal
magnetic field on the melt having a magnetic induction B at a field center
C; directing a gas between the silicon single crystal and a heat shield to a
meltdree swtacecaptseontolingdh & ghistds fidgnet eermaediivlar e threrPRenetc
frep Suface whishaxiendninpudicectionrsubstrmialypperendietdagtodie

magnetic induction B. The apparatus comprises a crucible for holding the

melt; a heat shield surrounding the silicon sm ecr e heat S
Having QWWWWTQW%‘}L‘%‘\W&%%E% g‘f omg%cc%‘ver AaIng A g%&ds «©

fmmmrwnmwamﬂ@W@whﬁww%w@wﬂﬁ%@ﬁéﬁ fggs4he shape
CusiblesaxisnMirguehrihat-adgas swhichhishdire etididdivbermdati silicon
single crystal and the heat shield to the melt tree surface is forced by the

potor CoveL I .aver ygtgecgg féé&l&ﬁ%@@m&%&w&m%gemﬁgth ]

ifa dird&ign sﬁkstantla erpen r to the magnetic indu E
Fnd a width W which interseclin the%@nter of the ﬁong seggorg Wherls 8 Taho %fuifh% the

formula: 1.1 <LAMW < 3.0

8. An apparatus according to claim 5 or claim 6, comprising gas exhaust cpenings
which are disposed in a non-axissymmetric manner with respect to the center axis M of the
crucible to promote the gas to flow over the region of the melt free surface which extends

substantially perpendicular to the magnetic induction B.



