Method for producing semiconductor wafers composed of silicon The invention relates to a method for
producing 5 semiconductor wafers composed of silicon, comprising pulling a single crystal at a seed
crystal from a melt heated in a crucible, supplying heat to the center of the crucible bottom, and slicing
the semiconductor wafers from the pulled single crystal. 10 The crucible usually consists of a material
containing silicon dioxide, such as quartz. It is generally filled with chunks and/or with granules
composed of polycrystalline silicon, the latter being melted with 15 the aid of a side heater arranged
around the crucibfetAidr £ phape ofithreimal stabilizatidnotthe meffsa snenaopystaline eed crystal is
dipped into the melt and raised. In this case, silicomgrystallizes at that end of the seed crystal which
has been wetted by the 20 melt. The crystallization rate is substantially influenced by the speed at
which the seed crystal is raised (crystal lifting speed), and by the temperature at the interface where
molten silicon cFystallizes’sThroagh suitable-ecntrol of thiese pardameterss firstly mr25isedtion referred to

as a thin neck isgtledrinorder-to giminate dislagations, fellowed by asonicalsection of the single
crystal and, finally, a.cylindrical section of the single crystal, from which tI?e emiconductor wafers are
subsequently sﬁc%g Jé%ng%erSa%enog%aese%ﬁ sﬁc ?si%?]ﬁs %} tﬁg %Cr%cfbﬁg ?n”ftéyiaﬁ?ﬁgs %a?glj?r%ounds the
chunks and/or fHEFgrafules, stlicBh bxitlelthat &riges i the meftaind Gas et dffises inte the melt are
regarded as possible causes:3% of therarising of vaidsseferracto aspinheledefestsn the-single

myﬁaLTheya@%%g§gmwﬁ@§QHQME%lled single crystal.

106
The crucible usually consists of a material containing
silicon dioxide, such as quartz. It is generally filled
with chunks and/or with graniles composead of
polycrystailine silicon, the latter being melted with

15 the aid of a side heater arranged arcund the crucible.
After a phase of thermal stabilization of the melt, a
monocrystaliine seed crystal is dipped into the melt
and raised. In this case, silicon crystallizes at that
end of the seed crystal which has been wetted by the

20 melt. The crystallization rate is substantially
influenced by the speed at which the seed crystal is
raised (crystal lifting speed), and by the temperature
at the interface where molten silicon crystallizes.
Through suitable control of these parameters, firstly a

25 section referred to as a thin neck is pulled, in order
to eliminate dislocations, followed by a conilcal
section of the single crystal and, finally, a
cylindrical section of the sgingle crystal, from which
the semicconductor wafers are subsequently sliced.

30
Liberated gasecus inclusions in the c¢rucible material,
gas that surrounds the chunks and/or the granules,
silicon oxide that arises in the melt and gas +that
diffuses intc the melt are regarded as possible causes

35 of the arising of voids referred to as pinhole defects
in the single crystal. They arise 1if small gas bubbles
pass to the interface between the growing single

crystal and the melt and if the single crystal



pass to the interface between the growing single crystal and the melt and if the single crystal - 2 -
crystallizes around them. If the separating planes intersect the pinhole defects during the process of
slicing the semiconductor wafers, the resulting semiconductor wafers have circular depressions or
holes 5 having a diameter which can typically be from a few micrometers up to a few millimeters.
Semiconductor wafers in which such pinhole defectsyare present are unusable as substrate wafers for
producing electronic components. 10 Therefore, a series of proposals as to how the formation of such
pinhole defectsccaysbie sSuppressed = diave alrelady beenfpublished.<sMany of these propasals direct the

focus onto improyingthe propeglies of the.15 cruglble material. However, the grucibles improved in this

respect generally are more expensive or entail other disadvantages, for example because they liberate

substances whith are Fasponsible for e f6riatioh ot disiogafidns in theSingle™&rystak 569
OtherproposalstehtentrateonsuppressingOn efiminating sheall blblessduringstherperiodeof the melting
of the churks angiargyanules: Jhus.dy wayiofrexample,:Yg 2008/0011222 Al sggcommengs
concentrating micrometers up to a few millimeters. Semiconductor
wafers in which such pinhole defects are present are
unusable as substrate wafers for producing electronic
components.
10
Therefore, a series of proposals as to how the
formation of such pinhole defects can be suppressed
have already been published. Many of these proposals
direct the focus onto improving the properties of the
15 crucible material. However, the crucibles improved in
this respect generally are more expensive or entail
other disadvantages, for example because they liberate
substances which are responsible for the formatiocn of
dislocaticns in the single crystal.
20
Other proposals concentrate or suppressing cr
eliminating small bubbles during the period of the
melting of the chunks and/or granules. Thus, by way of
example, US 2008/0011222 Al recommends concentrating
25 the heating power of the side heater firstly onte the
side surface of the crucible and subsequently onto the
base surface of the crucible. What is disadvantageous
about such measures is that they no longer influence
the arising of small bubbles and the movement thereof
30 to the interface as scon as the growth of the single

crystal has begun.

It 1s an object of the present invention to propose a
method which comprises at least one measure which
35 counteracts the formation of pinhole defects in the
single crystal and which 1s effective during the

process of pulling the single crystal.



25 the heating power of the side heater firstly onto the side surface of the crucible and subsequently
onto the base surface of the crucible. What is disadvantageous about such measures is that they no
longer influence the arising of small bubbles and the movement thereof 30 to the interface as soon as
the growth of the single crystal has begun. It is an object of the present invention to propose a method
which comprises at least one measure which 35 counteracts the formation of pinhole defects in the
single crystal and which is effective during the process of pulling the single crystal. - 3 - The object is
achieved by médris ofcépnetliod for preducing seémiconductarwafers composed b silicdm,-comprising

pulling a singlecrysial-at-a;seed grvstal fiom a;melf Shsated in,a crucible; supplying:heat to the center

of the crucible bottom with a heating power which, in the course of a cylindrical section of the single
crystal being plﬁfén&é,)its“”i%]ép‘egased at least once to not less than 2 kW and is 10 then decreased again;
and slicing the B&micor@uétor waters frony tHepulletl singteecrystal VRHerihvéntors kavecalscertained
that the fregueney=afskb pinhgle-defectsiia semiconductor wafers composed of silicon decreases

significantly if tge emperatur field in_the region of the crucible bottom, during.the process of pulling
the cylindrical se%%bn%?ﬁée s%lné%g (:r%)tal,t ?gg%héjneg]%aeart Ie%éj[ o%%g indsﬁéﬁlag\}vgy g)dj that the highest
temperature in tHe-Erucible BRom1Rigrae€diom Hpesttion at’the Blge of ferGraicibietbottom as far as

the center of thescrucibleihations dt isisupposed that sinrthe €oursesafthisbsmal; gas bubbles that
adhere to the inner wall.of the grugible 25 hotigm are detached by a canvectively, driyen melt flow that

transports them as far as the free surface of the melt, said free surface not being covered by the

crucible and thé GrowingEhTdié &y SEE i thi$hdy, the small gas bubbles can leave the melt without

slicing the semiconductor wafers from the pulled single

crystal.

The inventors have ascertained that the frequency of
15 pinhole defects 1in semiconductor wafers composed of
silicon decreases significantly if the temperature
field in the regicn of the crucible bottom, during the
process of pulling the cylindrical section of the
single crystal, is changed at least once in such a way
20 that the highest temperature 1in the crucible bottom
migrates from a position at the edge of the crucible
bottom as far as the center of the crucible bhottom. It
1s suppesed that, in the course of this, small gas
bubbles that adhere to the inner wall of the crucible
25 bottom are detached by a convectively driven melt flow
that transports them as far as the free surface of the
melt, said free surface not being covered by the
crucible and the growing single crystal. In this way,
the small gas bubbles can leave the melt without
30 passing to the interface between the growing single
crystal and the melt.
"The change 1in the temperature field 1is preferably
effected with the aid of a heating device (crucible
35 bottom heater) that is adjacent to the crucible bottom
and can be lifted and lowered with the crucible. For
this purpose, the heating power of the crucible bottom

heater is increased at least once to not less than



30 passing to the interface between the growing single crystal and the melt. The change in the
temperature field is preferably effected with the aid of a heating device (crucible 35 bottom heater) that
is adjacent to the crucible bottom and can be lifted and lowered with the crucible. For this purpose, the
heating power of the crucible bottom heater is increased at least once to not less than -4- 2 kW,
preferably to 2-5 kW, and then decreased again. The heating power is preferably increased at least
once from 0 kW to 2-5 kW and then decreased to 0 kW again. An increase in the heating power to less
than 2 kW has 8 orly; a smali infhiehge on aveifling/pinhaleidefeets, ang-ar incsensaeda mare than 5

kW subjects thqg@cmmbermbéarea%t @éyggoiwla&%s@sgg@ed can be afrigggr.for the

formation of dis|ocations n the S|n le crystal. 10 The heating power of the crucible bottom heater is
preferably increaséd in'a aniffér Tiowirly & Famp-within A4mE DERGA Which i< Hoti#diér than 90
min and is not IBNgErthanBoo nmin. [ this case] the mtere5 atwhichthe singte ¢rystal isgoulled from

the melt ispreferably Q.34p.0:8 mrﬂ/mlﬁeﬁ@@%@rlw&%fﬁ@%y Q.45-0,6a ramin. The ramp
comprises a sectlon with greferatbey Imearly Jfising eak g power of the _crucible bot}gom heater, if
appropriate a séction With 20 constant ﬁeatlng power o"?the crﬁcfb]fe b&%om heater,; &ﬁd 5%ect|on with
falling heating poVwerGfthé efiitisle bottem heatdroThe seeticn with ephAstantheating power preferably
extends over atitieypetod of-0-90=mif: Adaeating powver prafile comprising,1-1Q.0f 25:such ramps is
particularly pre_f,g{g(;gt 2l
10
The heating power of the crucible bottom heater is
preferably increased in a manner following a ramp
within a time period which is not shorter than 20 min
and 1s not longer than %00 min. In this case, the rate
15 at which the single crystal is pulled from the melt is
preferably 0.3 te 0.8 mm/min, particularly preferably
0.45~0.65 mm/min. The ramp comprises a section with
preferably linearly «rising heating power Aof the
crucible bottom heater, if appropriate a section with
20 constant heating power of the crucible bottom heater,
and a section with falling heating power of the
crucible bottom heater. The section with constant
heating power preferably extends over a time periocd of
0-90 min. A heating power profile comprising 1-10 of

25 such ramps is particularly preferred.

furthermore, it is preferred for the transport of small
gas bubbles to the free surface of the melt to be
supported by a series of further measures. The
30  preferred measures include exposing the melt to the
influence of a horizontal magnetic field or of a CUSP
magnetic field with & magnetic flux density of not less
than 50 mT at the edge of the crucible bottom. The edge
of the crucible Dbottom 1s the location at the
35  transition from the c¢ylindrical side wall of the
crucible to the crucible bottom. It is particularly
preferred to expose the melt to the influence of a CUSP

magnetic field whose neutral surface intersects the



Furthermore, it is preferred for the transport of small gas bubbles to the free surface of the melt to be
supported by a series of further measures. The 30 preferred measures include exposing the melt to
the influence of a horizontal magnetic field or of a CUSP magnetic field with a magnetic flux density of
not less than 50 mT at the edge of the crucible bottom. The edge of the crucible bottom is the location
at the 35 transition from the cylindrical side wall of-the crucible to the crucible bottom. It is particularly
preferred to expose the melt to the influence of a CUSP magnetic field whose neutral surface
intersects the <&nieentral longitutinal axis obthessingfe drystal at addistance/fsamlthezplare of the free

surface of the melt of petless than-9Q. mm -5 Ihe prefered ragasures also inglude rotating the crucible
at a speed of nol%mor%t an, 3 r%\flolutl er minute, preferably at 1-2 revolutions per minute, and

rotating the single crysta gta speeél of riof 18s than 6 revolutions per minute, preferably at 6-12

5 The preferred measures also include zrotating the
crucible at a speed of not more than 3 revolutions per
minute, preferably at 1-2 revolutions per minute, and
rotating the single crystal at a speed of not less than
6 revolutions per minute, preferably at b-12

L0 reveolutions per minute. The crucible and the single
crystal are rotated 1in the same direction or in
oppesite directions. Rotation in opposite directions is
preferred. The rotational speeds are accordingly
specified as absolute values.

15
Finally, the preferred measures also include conducting
inert gas, for example argon, to the free surface of
the melt 1in order that gas escaping from the melt is
removed from the region of the melt and of the single

20 crystal. The volumetric flow rate of the inert gas is
preferably 600-12000 1/h, particularly preferably 1500-
3000 1/h, at a pressure of preferably 11 to 80 mbar
(1100-8000 Pa).

25 The invention is explained in greater detail below with

reference to figures.

Figure 1 shows an arrangement that 1is particularly
suitakble for carrying out the method.

30
Figure 2 shows the configuraticon of a crucible bottom
heater that 1is particularly suitable for carrying out
the method.

35 Figure 3 shows the temporal profile of the heating
power of the crucible bottom heater in accordance with

cne preferred embodiment.



10 revolutions per minute. The crucible and the single crystal are rotated in the same direction or in
opposite directions. Rotation in opposite directions is preferred. The rotational speeds are accordingly
specified as absolute values. 15 Finally, the preferred measures also include conducting inert gas, for
example argon, to the free surface of the melt in order that gas escaping from the melt is removed
from the region of the melt and of the single 20 crystal. The volumetric flow rate of the inert gas is
preferably 600-12000 I/h, particularly preferably 1500- 3000 1/h, at a pressure of preferably 11 to 80
mbar (1100-8008 Pa) €25 Thes inveationlis explainedin greatendetail befowhiith refegémcetto figures.

Figure 1 shows-amprangementhat isjearticylarly syitable farcagrying eybgsllﬁ%m@th% 3Q, Figurr]e 2
shows the configuration of a _crucible bottom heater that is particularly suitable for carrying out the
method. 35Figl}?%r§1§ﬁow§?ﬁ§ ?é{n%f)lgral %Irlofilhé%o?thqé%%%ﬁﬁﬁ %owazir%?fﬁéi %%%iblgibotttor}ﬁ? heater in
accordance witAHel préfétfed Embbdirhentc 26 L Figure 4 showsthe spatial movement of the highest
temperatufe on the inner wall of the crucible in a manner dependent on the temporal alteration of the

heating power %@?acf‘f%iﬁ%fe?n%tﬁ){n Dgageécg I ggn%rg}anvgleghen%%]?ca%%or ance ) \E/jvgr}w figgreal comprises

a crucible 4, which is mounted into a supporting crucible 5 and w contains a melt composed of
silicon. The crucibié preférably Eorsists bf qlianz afd has 5016 didithster that pretériblyedrresponds to
2 to 4 times thebdiametewbf.thie single erystal 8. Thel cruciblebard theSuppartingrerucitie:5 rest on a

crucible shaft that canhe lifted.ard Jowered and are.sutroupded by a side heater 6 gmbodied as a

resistance heater. By means
fO éﬁam%ter that preferably corresponds to 2 o 4 tTimes

the diameter o¢f the single crystal 8. The crucible 4
and the supporting crucibkle 5 rest on a crucible shaft
that can be lifted and lowered and are surrounded by a
side heater 6 embodied as a resistance heater. By means
15 of the side heater, heat 1s transferred to the melt
substantially from the side. A magnetic device 1is
situated on the outside adjoining the side heater 6, by
means of which magnetic device the melt is exposed to
the influence of a horizontal magnetic field or of a
20 CUSP magnetic field. The illustration shows coils
suitable for impressing a CUSP magnetic field on the

melt.

A further stationary bottom heater 7 embodied as a
25 resistance heater 1s arranged below the supporting
crucible around the crucible shaft. By means of the
stationary bottom heater, heat 1s transferred to the

melt substantially from below,

3¢ The single crystal 8 is pulled at a seed crystal from
the melt, shielded against thermal radiation from the
outside by a heat shield 2 and cocled by a cooler 1,
through which coolant flows. The nominal diameter of
the single crystal composed of silicon 1is preferably
35 300 mm or 450 mm. The distance between the free surface
of the melt and the lower boundary 3 of the heat shield

2 is preferably 20-30 mm. The distance between the free



15 of the side heater, heat is transferred to the melt substantially from the side. A magnetic device is
situated on the outside adjoining the side heater 6, by means of which magnetic device the melt is
exposed to the influence of a horizontal magnetic field or of a 20 CUSP magnetic field. The illustration
shows coils suitable for impressing a CUSP magnetic field on the melt. A further stationary bottom
heater 7 embodied as a 25 resistance heater is arraged below the supporting crucible around the
crucible shaft. By means of the stationary bottom heater, heat is transferred to the melt substantially
from below. 30 Thefsingle crystaliBsis pulled atacgeedcrystabfrem theaneltzshieldetl agaiast thermal

radiation from the outside by a heatshield 2 andsgaoled hya cooler 1, through which coolant flows.
The nominal diameter of the single crystal composed of silicon is preferably 35 300 mm or 450 mm.

The distance between the free surface of the melt and the lower boundary 3 of the heat shield 2 is
preferably 20-38 nfiUThé distamee betwderethe freé 3- Zmisadacelofile meltand thetower boundary

of the cooler 1 isqreferably 160:200-mnadA crucible bektam heaten;k3 embedied-as;a sesistance
the heating power of said crucible bottom heater being
altered according to the inventicn in order that small
gas bubbles 11 that adhere tco the inner wall of the
crucible 4 are detached by correspondingly directed
10 melt flows 10 and 12 and are transported to the free
surface of the melt. From there, the small gas bubbles
together with silicon oxide escaping from the melt are
taken up by an inert gas flow 9 directed to the free
surface of the melt and are removed from the region of

15  the melt and of the growing single crystal.

Details o©f the configuration of a crucible bottom
heater that 1s particularly suitable for carrying out
the method are 1llustrated in figure 2. Sald crucible
20  bottom heater comprises a heating spiral 14 composed of
grephite, which 1s supplied with electric AC current
via inner and outer current feeds 15 and 16 led through
the crucible shaft. The heating spiral 1is thermally
insulated at the bottom by a plate 17 and laterally by
25 a ring 18 composed of carbon fiber reinforced carbon
(CFC). The inner wall of the ring i1s lined with a
metallic reflecter 1%. In addition to the features
iilustrated, the heating spiral can Dbe embodied in
meandering fashion or be magnetically shielded in order
30 to pretect it against interactions with the magnetic

field impressed on the melt.

Figure 3 shows how the heating power of the crucible
bottom heater heater 13 is changed in the course of
35 time in accordance with one preferred emboediment of the
invention. Said heating power is changed in a manner
following a ramp comprising a linear section and a

constant section. The time axis 1s specified in the



5 heater is integrated in the head of the crucible shaft, the heating power of said crucible bottom
heater being altered according to the invention in order that small gas bubbles 11 that adhere to the
inner wall of the crucible 4 are detached by correspondingly directed 10 melt flows 10 and 12 and are
transported to the free surface of the melt. From there, the small gas bubbles together with silicon
oxide escaping from the melt are taken up by an inegf gas flow 9 directed to the free surface of the
melt and are removed from the region of 15 the melt and of the growing single crystal. Details of the
configuration ofiattucible bottomtheater thet isqarticulady syitablecfor earrying alitsthe method are

illustrated in figure, 2-gaid crucible,20 botigm.heater.comprises a-heating spiral g§§g%o§ed of
graphite, Whicms sjugﬁlieﬁd wit ,elgﬁhtri%AC cyrrent via iémer and outer current fﬁe%slds 15 and 16 led
through the crucible $Haft. THEREAtIng S5iPaT IS thefmally ihsTiiated atthe hotBATHY a pide 17 and
laterally by 25 & #ng a8 cémposed of arborfiserseinfércedtcarben (CEG). Thedrinet walf of the ring
is lined with a metaflie:refleetor 19 .dn additionte thedeatures illystrated sthe healing spiralcan be
embodied in m %n%elrri}ggg fashion or be mta}gget@g%%iflde%glt%rdgr ??Qetghper(lgtect igag{agjnst
interactions with the m gngtlc field impressed on thé malt. Figure 3'Shows 6w the hiea msg power of
the crucible boftdfheatef hB&tePES i°6hahbéd inithe E6UISE T B5 fiffelihaecdrdancetwith one
preferred embadiment-efthe inventioncSaid heating:peweris changegd inca mannerfollgwing a ramp

comprising a lingay section and a,constant sectign. The,Ume axisis spegifisdinthe ¢ o
10 crucible bottom heater extends over a time period that
is somewhat longer than the time reqguired to pull a

length of 50 mm of the single crystal.

The change in the heating power of the crucible bottom
15 heater in a manner that follows the ramp has the effect
illustrated in figure 4 that the highest temperature
{(Tmax) in the crucible bottom migrates from a position
P1 at the edge of the crucible bottom via an
intervening positicn P2 as far as the center P3 of the
20 crucible bottom. In the course of this, small gas
bubbles that adhere to the inner wall of the crucible
bottom are detached by a convectively driven melt flow
and transported to the free surface of the melt, saild
free surface not being covered by the crucible and the

25 growing single crystal.
Example:

A series of single crystals composed of silicon having
30 a nominal diameter of 300 mm were pulled from a
crucible having a diameter of 28 inches (711.2 mm) by
means ©f the arrangement shown in figure 1, in
accordance with the method according to the invention.
The average crystal 1lifting speed was (.55 mm/min
35 during the process of pulling the cylindrical section
of a single crystal. At the beginning of the process of
pulling the cylindrical section of a single crystal,

the heating power of the crucible bottom heater was



- 8 - unit of length L of grown single crystal. Given a typical crystal lifting speed for single crystals
having a nominal diameter of 300 mm of 0.55 ram/min, the length L =5 cm corresponds to a time
period of 5 approximately 90 min. The section with linearly rising heating power of the crucible bottom
heater extends over a time period that is somewhat shorter than the time required to pull a length of
100 mm of the single crystal. The section with constant_heating power of the 10 crucible bottom heater
extends over a time period that is somewhat longer than the time required to pull a length of 50 mm of
the single crystali Theschangesdn the heatingjsower of thé crueible bottorhi15:heatet #da manner that
follows the ramp has:the effect iﬂggratg@}&bg%rgc%thaé highest temperature (Tﬂqulig the
crucible bottom mi rates from agositiog P1 at the edge of the crucible bottom via an intervening
position P2 as far 48 the tentérP3 of the 58 crilibie bottfm. IRTAE cotPSE dfthid? matPgs bubbles
that adhere to théimseriwalllof the ckicibietbottomafe détachied:yia gonveetivelydiivernmelt flow and
transported to the:free-swrface:af the melt; said free-surface-notbeing,cavered by the crucible and the
25 growing sinq;% ot stal(.: Ex%@pjceh: éA %erieérq:f esljlncgele cgstals gom oae% of %ilicon havi Oa
nominal diameter o 88 Mm Were pulleg?rom & 'crucible h%J\?lrhgoa iametsr of 28 nche 1.2 mm)
by means of thé afrangerhgnt SRRWHTEIRFgurebk iR atterdante with thennethbd @eesrdingtto the

invention. The average<rystal litingespeedavassh: b5 mminain:35 duringrthe precess of pulling the
cylindrical SeCtioiyy; conductor wafers that had been sliced from the

i0 single crystals pulled for comparison purposes.



of a single crystal. At the beginning of the process of pulling the cylindrical section of a single crystal,
the heating power of the crucible bottom heater was - 9 - altered once in accordance with the ramp
illustrated in figure 3. For comparison purposes, further single crystals were pulled under the same
conditions, but without this alteration of the heating power of the 5 crucible bottom heater. A statistical
evaluation of the frequency of the occurrence of pinhgle-defects revealed a failure frequency
approximately 30 times higher, on average, on account of such defects in the case of the
semiconductor ¥eferstthal- Bagdeen sliced from the 10 single crystals pulled for comparison purposes.
- 10 - Patent claims 1.A method for producing semiconductor wafers composed of silicon, comprising 5
pulling a single crystahat amse.eg (E{ystarl from a r}pel uhea%‘ted in a crucible; suggl ing heat to the center
of the crucible Bottom with & heating power whith-in the “ourSs ot 5 dyfidrical section of the single
crystal being p@ifEe; 109§ irtke&sed arleastcoitertosiotdess than 2 kW and is then decreased again;

and 5 pulling a single crystal at a seed crystal from a melt
heated in a crucible;
supplying heat to the center of the crucible bottom
with a heating power which, in the ccurse of a
cylindrical section of the single crystal being pulled,
10 is increased at least once to not less than 2 kW and is
then decreased again; and
slicing the semiconductor wafers from the pulled single

crystal.

15 2. The method as claimed in claim 1, wherein the
heating power 1s increased in a manner following a ramp
within a time period which is not shorter than 90 min

and is not longer than 900 min.

20 3. The method as claimed in claim 1 or claim 2,
comprising exposing the melt to the influence of a
horizeontal magnetic field or of a CUSP magnetic field
with a magnetic flux density of not less than 50 mT at

the edge of the crucible bottonm.

4. The method as c¢laimed in any of claims 1 to 3,
comprising exposing the melt to the influence of a CUSP
magnetic field whose neutral surface intersects the
central longitudinal axis of the single crystal at a
30 distance from the plane of the free surface of the melt

of not less than %0 mm.

5. The method as claimed in any of claims 1 to 4,
comprising; rotating the crucible at a speed of not
35 mere than 2 revolutions per minute and rotating the
single c¢rystal at a speed of not less than 6

revolutions per minute.



slicing the semiconductor wafers from the pulled single crystal. 15 2.The method as claimed in claim 1,
wherein the heating power is increased in a manner following a ramp within a time period which is not
shorter than 90 min and is not longer than 900 min. 20 3.The method as claimed in claim 1 or claim 2,
comprising exposing the melt to the influence of a horizontal magnetic field or of a CUSP magnetic
field with a magnetic flux density of not less than 50-mT at the edge of the crucible bottom. 25 4. The
method as claimed in any of claims 1 to 3, comprising exposing the melt to the influence of a CUSP
magnetic field whose méutrahsurface intersects:the central longitudinak-axis oEthe single grystal at a 30
distance from the plane.offhe g surface of thepelt gl notjess than POJUM,, 2 Themethod as

claimed in any of claims_1 t6 4, comprising; rotating thé crucible at a s of not 35 more than 2
revolutions per Tifiut8%nd rdtatifg YH@EFH‘E;E‘&&S%FS% $peed é’f%o?p%s]tﬁgﬁ% re(Blutidns per
minute. 6.The meathred: as claiméd id afly ©f elaims 1 to 5, comprising conducting inert gas to the free
surface of the melt at a volumetric flow rate of 600-12000 I/h at a pressure of 1100-8000 Pa.



