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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.

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



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 okygen concentration. Accordllng
to the first aspect of the invention, there is provided a method for growing

a sjlicon single crystal from a melt, comprising providing the melt ina
WeiBlet Fhpbemiyia asrisgmarmabied: felfwn thennet having ahe oxRygan

anageeticriaciistion B at a field center C; directing a gas between the
silicon single crystal and a heat shield to a melt free surface, and
s such that the gas is forced to flow in

ontraling the.gas such thay D there ko torms ot o pacthord o axowine
nom axiSymmetHE WAy iR rE s By TL dRESF SiE i B erthisIos e wing a
sdiregiem gt thesmkeftdree swifacemyhichextends in a direction substantially

ic induction.B. According to the second aspect

icular t agnet ] .
?g%ﬁggg\%:]%}n%t §r3[egisg“prﬁ0\%d85ua%le{%]p%’ratus for growing a silicon smgle
LERRE HOnt ek Z66rhphising enerudibletfor Tdlding theemedi] a magnelic a

maysiemiimpesing ikerizonial rgameéig&f&%g@é@e %elt, kt]hetm?_g r;gtic

ield having a magnetic induction B at a field center C; a heat shie
dgggg%%g%ﬁhgas%ic%%%gﬁg% Sl tHet 24 shide Havmgv# feder@sd a heat
siiiditlistcorettdd to-x Pottenrdeves facingl a melt free surface and

chiaving-2 pen-aXisyaUneligshapewith-Lespest,to %%e%%[a%%g/xpﬂn%ﬁ';ggeway with
IS

crucible, such that a gas which is . ’
respect 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.

According to the second aspect of the invention, there is provided an apparatus for

growing a silicon single crystal from a melt, comprising

a crucible for holding the melt;

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

a2 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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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
%@ ?s]urface which extends in a direction substantially perpendicular to the
% Bﬂ@?ﬁ&u&%ﬁ 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
ciystais it aafygen goneentsation abless tham S7040M/EMS3: preferably

fRecording to ne ﬁaésgi%\ﬂ)s'@ at least more than 50% of the length of the
cylindrical part of the silicon single 2009P00040 EP/St crystal, preferably

at least more than 70 % and most preferably more than at least BO %.

g&w En@:lrﬂ' mnagmgm%lﬁ@@lﬁ/vmgalﬂgima@%@? 28 ;%&%Te%z?%ﬁquegg;&elt
al.convegtion in the melt mainly in.a part of the melt which extends

pa% el to t e|magggr11{é?ic iﬁgaltﬁ%%%é?&(Rcégrd?rgbeto“ﬁ%ﬁomé’ otthé part of

HiesBRtihvERich £FasnhfcrRilebtdd to thb eneleffee siidadedsiction B.

Aergiio flovnevarAreaianiel thednelt fes sirfage Wn%ﬁ?gé‘}ﬁrs&%B‘ﬁ;‘?‘“on
9f SIC fromthe mglt is.10 enhan%egdu to thermal convection which'is
hot suppressed by the hotizorital %ﬁ&%@tig Relt E8nG8fhgbr kg 488 8t the

Ik oberthis redisref tHemeltthee swdace icieasesithe rombvakot S mel: is

ik sigadficandly feducasing 10xygerLoncshtrationin the mslht a_ﬁgﬁgges sed by

ilicqn. single crystal. 15 According to,angther embodiment, the invention
e R T ichUhe COETRboT®! Fortass GRRR Flow

OY&&dédvicr dordiiefiihgathie Uxgger tonfereatiorifesiicamsingleserystale removal
oifaing lange dametarsdika 0P maAS0mam.ar 29 faaie. Conventionally, |

N he %%\/X{age 0. iggré 9as V\ihé%%issnee ed to achieve a target concentration
of oxygen ifi the grown silicon sindfé% ﬁstﬁf@l’égﬁéarﬁds on the diameter of

the single crystal. For example, a higher flow rate of argon is needed to

According to another embodiment, 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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maintain a certain oxygen concentration in a silicon single 25 crystal
having a diameter of 300 mm compared to the flow rate which is
intain the same oxygen concentration in a single crystal
Wg%%gomge?ﬁo 200 mm. For technical reasons like insufficient pump
and vacuum systems it becomes more and more difficult to provide the
required gas flow, if 30 silicon single crystals having diameters of more
than 300 mm have to be pulled in a conventional manner. However, by
performing the method according to embodiments of the present invention
vsuch difficuttercar beavoided sihceaniower flalvistinbit gasts noedad
Jorachieving a Geetai,@xygen target concentration in 35 the single crystal
compared to the flow rate needed for achie- 2009P00040 EP/St 4 ving
the same oxygen target concentration by performing a conventional
Tinethod: i F’hethdrizornakimagnéiie lidldis conmmonipareratetindnieangeans of
=002 giBagnRels sysiam-comprisinaseveral coils whigh o amanged arranged
symmetrically. (with respect to a crucible axis M% %rf und the accordance b
SdpmhEd n §8 1 iftBRRSCTbn bP ahdriZdhtal praré-dRidiig IE GRS 0o
cintobhalvas asd axiseM ofdfiesdrirciblerTied O inhagnietib inductio thd
repIgsents.the. magneticinduygtion ettheharizontal magnelic feld al e, ane
field center C. Fig.1 is a diagrammatic cross-sectional view showing .
A i Reattiiss 6P hindtE BURRbIETSr §roliRg ShidondingRTrydifsibLie . The
macearding toiteddM@GY hetkpd apdfidaturésofthgrdaimed mdentidrrA of the

neitcinle Lholding a melt 2 is aragged withinia heusingdr .

u

Fig.l is a diagrammatic cross-sectional view showing typical
features of a Furnace suitable for growing silicon single cry-

stals 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
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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and rests on a lifting shaft 4. A single crystal 5 is pulled 20 from the melt
by a pulling mechanism 16 while a horizontal magnetic field is imposed on

eat.shield 6 surrounding the single crystal is provided to
%E;%)tec h@g::ary%%ﬁr%m heat radiation radiated from a side heater 7 which

is disposed around the crucible I. According to a preferable 25
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
3¢ direerd betheenthesinglewrysthPand tise hdatl shiekhteca nieltffedhe

wseifageS-and 304ueher drven drom the peltfres surface between thesection of
heat shield and the crucible wall to the gas exhaust openings 17. The gas
o R Ao I dee SR RNt 2 208 W center

3¢ ilve ¥heltfréd susfaee Wy benofdsyrimeticd wayrwitly Fespectto tHee field
conterads M:cthe-35imagnetic field inggnerated bysaisSwhich are
symmetrically 2009800040 EP/St 5 arranged around the crucible. The

T BSRET T B RO GHiar Wi U T o prLbORRa b g © con
Tetbpsartip Nt Reri et plahevdiliding thecsuisfcealves andfd gentepy

2% V:0f the aryeibleythe magneticindudtion:atdhedield 5.centeldss the melt
fepresenied by the magnetic induction B, In aceordance with e Aresgt.,
invention thé heat ‘shie comprises aebothom cover ?Ed V\ﬁ‘lnl%rh IS
rorpeeled: @. ¢ HfixeeERy serews: to the fowdreent shtHellfedtrshiglg zitre as 2
daeas the-melfrae suface Bndhghotiom cover isnon-axisymmelrie withe melt
respect 1o the cgnt{%[ axis,mg/l?l(t:)ifS th{:'ncrgci lerggg serves as a atgglfg 1y pernen—
C%%%‘Oﬁﬁ]]é tﬁ%@ga% (0] oﬁ%ve‘r aregion o he mequ?r%ess%rfsa%e wnic y perp
derdsrinta direetiow snbstamtiamyd petperr dicular B thesmaghietd for con-

induction B ama teel fer santseling the gaste floweevenihednelt figea non-
surface in a nonaxis mmﬁ%ric Wa% with espce‘i:t to thecgenter axi )
e

%C%Sf%attglacpl%? rr8d embadifment o m%eﬁ%ln, theHeat shielé‘ 7§ ording

tatacheded erawshonrrd ingmerafhichenebketuiaing ofitke eat shield is
shigldnTurning theshgabshieldhand the:hettomraayer yhieh isscenneded of the
%Eggq:etosk?gg\ﬁlgtoﬂr@l%%eqﬁ%y ﬁ%gtéms@gegﬂ% 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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20 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

al&gﬁ%edﬁ%d Ep}é@e exhaust openings 17 are disposed in a
non-axissymetric manner with respect to the crucible axis M in order to

promote the gas 25 flowing over the region of the melt free surface which
extends in a direction substantially perpefidicular to the magnetic

induction B. Fig.2 depicts the bottom cover according to a preferred

embodi- 30 ment. The bottom cover comprises a ring section 11, a brim
Sectidie 12 \uiva e6B& sdctiorel BTk BRRESERtion carrBEglatdr vertically
cenvexy of cengavely 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 35 horizontally from the ring and the collar

SheticH Beetnridetédh 2 009PI0040 EPES £6 13- e o g Eifgecst thi brmferring

sectiayand extends, verticaly fowakgdszhednelt.ckhgs effeet-afithednvention o
ts further e&<plained ts)¥ ﬁrgferring 510 Iiigguatan

ig.4 a Lepre g an?axra t%éb&v er%ikrlleFigiB isae crystal in
crc%s-seé}lona?elew of |g.2 an% represents an axwgl Ccu throug%gt%e

simgie enfstalinkzedirdctoh paralibrtelthesditektipndt thesnageeitic induction
nduetionS: Mainlythe sisgle-¢rystal 5 the srucibledihe melt 2randdbe: 2 and
tto ver 10 are shawn. Arrows "Si" depict thedirection W of the melt .
R A S A et (L bctioE o T 1ok of S BAS e g and ection
ifert Bas TR argom wRiERqE inifalpditeced betRpefthé Prrat shRdd vt of the
shewn)ang the sjngle grystal tobeungh dreeiswface;8,15 Jhedwottaminitially
over 10 is non-axisymmetrically shaped such that the gas which js .
‘%ﬁé%?e%‘“’t‘fzt%v%%‘ﬁ@t%g sﬁg Iehc‘?)‘a?sgtafqéﬁﬁ ?ﬁse Iﬁ%%t sﬁ%é%ﬂ %(? thaenrcé]eif ?ees:l"mgle
suifacels forcélto Mewtoveraeraygisn dFthEmelt free surface which
extends in a direction substantially perpendicular to the magnetic

%ﬂ%ngggg%ﬂncover 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 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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20 this region, the evaporation rate of SiO is enhanced since thermal
convection "Si" in the melt is less influenced by the horizontal magnetic

gglﬂg%%ﬂq&g%% 2%\@/ "Ar'.' readily removes SiO evaporating from the melt
1IN this region. e region preferably extends over a sector of the melt

free surface having a center angle a which is not less than 45 and not

more than 135, wherein the center axis ¥ of the sector is aligned

perpendicular to the magnetic induction B or, due to the influence of

crucible rotation, is directed in a direction 30 deviating up to -30 or +30

fioft fepefdendicifacaligitient. Thebrimeettos YPD tHd edlldrisectinn exiting
18etheomeltfeer surface8and-the sikegnsingle enystahSiformrtbe surface
boundaries of a channel 14 which controls the gas to-flow along the inner

B S oo A A S i S i BOREP O ToUEE o e
2AEOPDDO4OERYSE Fosedtion T The botHbnt €6 dispased §lich fat the

gasexiing thezepening flows.over dhawegionpfihe smelt teasuwtacesly to the

which extends in a direction substantially.perpendicular to the m rbeti
- 1 th
?haoql%%%jﬁ%. ‘Fh&éi rlrlnogecﬂ%on én E%gc% ar% g Section 13are s ap{:‘éigWeen ©

preferanly fe extetttransytsdl) t6ehé FragnetieinguersirBAThglocity and
enablesithergas-Rewingrketweendhe melt sudace and thebrionsepban: .
with enhanced velocity and further improves the removal rate of SiO from
the melt. W Figs.5 to 8 show the shape of the brim section according to
PreferfedtemBodinm@nts FEhe biiRe seétidi frdyHalves§ Shape \ilsierisling to
rectangulss (Bigs)amelliptical thig. Dranmay hevertheshapewf a shape which
rectangle _having rounded e ds 3gFig @.or endslw ﬂ) re ell@,{}ti%qél

. &1 t . h th
broat egrll:eadlﬁﬁé%s. m%gj“acée t%eobrlm section Is. }E ) ¥ 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
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



15 enlarged transversely to the magnetic induction B, the ratio L/W of the
length L and the width W of the brim section preferably satisfies the

1.1< < 3.0. The length L and the width W intersect in the
?ér%%%?h‘%eo “%’é\yﬁt 20 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 siligon 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 25 bottom cover is
praferalsly ehapkd stithes acnossubstantialiyrexeénd retherdigd&tioh ofl - e
themagnedic inductian BoA prefered materalfos gonstyycting the:hotiom .
cover is graphite. 30 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 35 perpendicular alignment. The algebraic
sign of the angle p 2009P00040 EP/St 8 depends on the direction of
rotation of the crucible, i.e. clockwise (Fig.10) or counter-clockwise (Fig.9)
rotation. 9 Claims: 1. A method for growing a silicon single crystal from a
melt, comprising
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providing the melt in a crucible; 5imposing 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 gnd 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
cRlrditde over a region of the melt free surface which extends in a direction
substantially perpendicular to the magnetic induction B. 2. A method
apcording i slaitsl.wiheseir-tharegiendarms-aaseataaihmgelt free
surface ha}i\{épggecen&% g@%@b@ewhich is not less than 45 and not more
than 13Br°an§ wherein the sector comprises a center axis which is, .
alignecl PEFBEA8IRLTER 1S FESHRAG RN AT 1 B S s shoron © 22
deddatingnip to -30 or +30 from the perpendicular alignment. 3. A method
accordipg:targlaigaslhemelaithesigamgngng et tral e th ehipis troaflost Brer
the £egion.of the melt free surface by turning the heat shield. 20 4. A
method aceardingte.claim b 81 alEh -GMRKBING NGNS EABIALAES win
the crudbBien Iréction substantially per endfl%ular _}? the magnetic, . tonds
ifeReGoA %@*ﬁ{ﬁ%’ﬁ%%?"ﬁ?&ﬁﬁg %@ icon Sing efrgr@ysé'fafa%eo% g exen
nivedt deeinprisiripoGivoractdifeaTe dm aareiRdtuction B magnetic system
imposing a horizontal magnetic field on the melt, the magnetic field having
amagngticindustioniBAL aibield GanieiGie regiod el sbigler simmourdifg:
e S PO SIS0y il R NEAL RIS ALINEK A8 MENCI3 48 ang
cBRiEEEd 18 ABottom cover facing a melt free _surface an h{;\wpg anon- .
wherein the sector comprises a center axls D which is afigned perpendicuiar iothe ragnatic

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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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 force,ﬂ.)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
GHBRHIRS Adingeastiies avhichrisaUbretintied:yed pdrpesdictishta g mragnetic
Q%l?&s&?étb% Ihpdisn RaRRY0R Bnecthe cajleseestion-famingsastbanee!
which has an opening for directing the gas over the region of the melt free
surface. 10 wherein the sector comprises a center axis D which is ali
perpendit avaR S HRPHREYNSH EA 30%%@‘5?%% Airsction _gg%elg’t?f% gﬁ%ﬂ%dm
.80 orarBOciolvribe BevponvictiapaiphiemctEro SppiRiRRl IR AYPPS
ter alain:Ry whereindhedr s ections v veessipteate hdsdorsthe magnetic
induction B and has a shape which is rectangular or elliptical or has the

shape of a rectangle haying.r ! d r j Hipticallyen
BroadehSF B %ung %‘b"ﬁé‘}r{g Sg %%%o?cﬁ%%ﬂ%&?ﬁa%%?ﬁgg%z r%f i;?ig%gumggg;

HhassistioY WRENMTEASH T UREA gt O B SR SRt Sact in the center of
thering séctidht, wh@rein a ratio LNV fulfills the 10formula: 1.1 < LW < 9.
An apparatus according to claim 5 or claim 6, comprising gas exhaust
apenings, whigh.are.disRRged aid Ben-axissymmElismannesithoespect
to the center axis M of the crucible.to pramate the gasio,1ouhAYBLthe of the
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substantially perpendicular to the magnetic induction B.
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Abstract: A method and an apparatus for growing a silicon single crystal
from a melt The invention disclosure relates to a method and an
appagattsfor grayinga silicon single crystal from a melt. The method
comprises providing the melt in a crucible;  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
melt free surface, and controlling the gas to flow over'a region of the melt
free surface which extends in a dlrectlon substantlally perpendicular to the
magnetic induction B. The apparatus conipt 4 crucible for holding the
melt; a heat shield surrounding the silicon single crystal, the heat shield
haﬂﬂ&é@ﬁ@@r@ﬂ@ﬂ%@cgﬁ§£9%@%§e§ég'w”?m"§D¥e§§§¥é$§rgﬁggi@ crystal
free surface and having a non-axisymmetric shape with respect to a
crucible axis M, such that a gas which T&8ir&c®8*Hetween the silicon
single crystal and the heat shield to the melt tree surface is forced by the

botiom covento; flow gver adegion afthemelt &seé%@@ﬁove{hmﬂ%”%pamus

in a direction substantlally perpendicular to the magnetic induction B.
3:or growing a silicon single crysital from a melt. Thm ‘method

comprises providing the melt in a crucible;

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

directing a gas between the silicon single crystal and a heat
shield to a melt free surface, and

controlling the gas to flow over a region of the melt free
surface which extends in a direction substantially
perpendicular to the magnetic induction B.

The apparatus comprises a crucible for holding the melt;

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 regicn of the melt free surface which extends in a

direction substantially perpendicular to the magnetic induction



