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“Method and Devi ce for’broducing Seni conduct or Wafers of

Silicon The invention relates to a nethod for

. produci ng sem conductor wafers of silicon, conprising

the pulling of a single crystal 5 froma nelt contained
in a crucible and the slicing of sem conductor wafers
fromthe pulled single crystal, heat being delivered
to a center of the growing single crystal at the

f i 0Ol s
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diestbgbution in the nelt and danpens convection. The
CUSP magnetic field is generated by nutually opposite
magnetic coils wth the same polarity, which 25 are
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coo I'con rnterstitials
method while imposing a static magnetic field in the melt,

which optimizes the temperature distribution in the melt and
dampens convection. The CUSP magnetic field 1sg generated by
mutually opposite magnetic coils with the same polarity, which
are arranged coaxially with the pulling axis of the single

crystal.

DE 103 39 792 Al describes MCZ methods for producing single
crystals of silicon, which are optimized in respect of their
defect properties. The focus of attention lies on intrinsic
point defects and their aggregates, as well as the Voronkov
model which allows predictions regarding the formation of such
defects. In the case of intrinsic point defects, distinction is
made between interstitial silicon atoms (interstitials) and
vacancies. If point defects enter supersaturation when the
single crystal is being cooled, then silicon interstitials will

form aggregates which can be detected in the form of
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—-f-orm aggrégat €s whi ch can be detected in the form of 2

di sl ocation | oops (A-swirl defects, LPITs) and smaller
clusters (B-swirl defects). In the event of
supersaturation, vacancies form vacancy aggregates

(voids) which, depending on the detection nethod, are
referred to inter alia as COP defects 5 (crystal

originated particles), FPDs (flow pattern defects),

LLSs (localized light scatterers) or DSODs (direct
ébsiqmaiiomxﬂdepdetke$w®xlIdeﬂestﬁecEBEEHA/amd enslitertdhhtsters
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grow ng. single crystal and the nelt. If the ratio

Fafesraskitowss epferiealrsoatro P8Rt art et ddough their

SHYE€0N 1afterst bbhat $11:5 reatad. shd1lde con Getakrsadt -
is. exceeded, then the vacanC|es£gredon1nate. If t

ere
Peigh §' 287 PO VACARG ST PRESSE 2 UIOHBICER the Voron-
def esdde1heithg tf ﬁ)ﬁﬁffhiiﬁp@ﬁd&t dsgest i ey wiiichwas
ocess paraneters t%} n‘lg ti.oned.rati

VR TR PR, EXtoREir (h6 SFROLE. TyeCa e cootbips
the tshmg]zm geyetal r@aépam'sr @Slslmtcehyli 180G He0 rat@00CE the
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refore conﬁensura y sna r-as e rati lTes
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pract | attenpts are
the ratlo falls below a critical ratio, then an excess of
silicon interstitials is created. If the critical ratio is
exceeded, then the vacancies predominate. If there is an excess
of wvacancies, the size of the COP defects being formed depends
essentially on two process parameters, namely the
aforementioned ratio V/G and the rate at which the single
crystal is cooled in the range of from approximately 1100°C to
1000°C, the nucleation temperature of voidg. The COP defects
are therefore commensurately smaller as the ratio V/G lies
closer to the critical ratio and the faster the single crystal
is cooled in said temperature range. In practice, attempts are
therefore made to control the two process parameters when
pulling the single crystal, so that the defects created by
supersaturation of vacancies remain small enough not to
interfere with the production of electronic components. Since

the structure widths of the components decrease with each
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therefore made to control the two process paraneters

when pulling the single crystal, so that the defects
created by 35 supersaturation of vacancies remain snal
enough not to interfere with_the production of

el ectroni ¢ conponents. Since 3 he structure widths of

t he conponents decrease with each 3 generation, the

defect size which can still be tolerated decreases
aecardinol y caviageke SOKL QlioR Bhn! bE; AL Zikugibhe,
oxygen w 'l enter 5 the nelt. The oxygen forns snal
sleceapsesl ceEdaNgaYes in the single crystal (as grown
bul k mcro defects, BMDs). These are desirable to a
certain extent because they can keep netallic .

OrpRgi €9 expnrpisagni ALt Hee i AeatizorreBuP ks, ofxvdee® sililcepter
wakehe1 @Waphd LRFLENe rsHhd ag1098bl et D - pdddildi thR€s in the
single crystal S pulled under conditions in which the
Farpbe g atisds (8f1 greve ghitlly masseedehecks (@A) -r appee are
Wagnribe ddkecacthon it MACHRCLEScaPHeP XYL kREORBLallic
al so forns seeds, which give rise_to F defects

(eRrahtioh vidgcéa shackitRyirs fRulks)of the Sirldserceater
afvad Zehe tMd Bus¥eBeSegslsc8G)zone) is usually

det ect ed. by subjecting a sem conductor wafer, *sliced

fromthe single crystal, to oxidation in wet oxygen at

falaou.hg %gﬁ@ﬂef@{:yétéfm%gopﬂﬁ?léﬁ) qirttﬂ.fr_ E&E_ldi&fiwlss_i@r azthilch the
ornmed..  Since is ec e is_likew se detripnen

£8tRe’ fanctSS Al Yzﬁqsﬁlf“églfi%%"zﬁ taee&rnlﬁaf:ég ratis, then the
conppactich endeavansiase afaday@ens WPE@SSal B8i Forms seeds,

formati gn, for exanpl e by reducing th concentration .
SRLERy GaE i3 B OB AR TRod ctggEnon o L Ruten® keacking
faabt por afted prdgeridee & nglmorey yeittal dlwn ssmdsd (@SF zone) is

necessary in . order to.f.orm OSF defects. .The OSF _zone ,
CRHRT S0 BE GOt ded By 25 UM 1 i rig GO ST Bx ol by 11o%0

dsbmgthieghéngbe kowetapul kongxidatiesn Thewkor metyigen et about

OBhoseedsy can Lyr th'&%&%"rs% t{%a%e%o%geﬁ]%yect@ aher £990ddN9 since

rates” (in the tenperafure range precipitation
&hig90@EFec80 typra hescohitkentisef déteriimendatli ope the functional

%EEL&RHQUCE&r @@E@E§oﬁqc components, endeavors are made to

suppress their formation, for example by reducing the
concentration of oxygen in the melt so that less oxygen is
incorporated into the single crystal than would be necessary in
oxrder to form OSF defects. The OSF zone can alsc be avoided by
modifying V/G, for example by using higher or lower pulling
rates. The formation of OSF seeds can furthermore be reduced by
higher cooling rates (in the temperature range of the

precipitation at 900°C).

In the context of the invention, semiconductor wafers of
silicon are referred to as low-defect if no OSF defects are
detectable and at least 75% of the surface is essentially free
of A-swirl defects and COP defects with a size greater than 30

nm.

Particular difficulties in controlling the ratio V/G result

from the fact that the single crystal usually cools faster at
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srlrcon are referred to as lowdefect if no OSF defects
are detectable and at |east 75% of the surface is
essentially free of A-swirl defects and COP defects
with a size greater than 30 nm 35 Particul ar
difficulties in controlling ghe ratio VI Gresult from
the fact that the single crystal usually cools faster
at 4 the edge than at the center, so that the ratio
VI G decreases fromthe center toward the edge. Despite
t oo redzsp ahdnngt cor rcain,tert, hes that |Eed daGiondcGepectases
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vaksnty jodt shddran wilh & |de@g1etﬁrt% 204 arm,t éﬁﬁem@t Q¥ guore are

i ANt Gpa A?E(!S@ué&?‘s@ra*%%@%ﬁé’ 114 r\;s/Gafagr %”?HB&@I‘&@' @Ethe

103 39 79 roposes to induce a nel | ow directed
Ay Pt nrellscemitaalrll@recr mesﬁhhsbevecﬁm@@r 9aak¢m inig
s@cdigved, for exanple, by co-rotating the single

crystal and the crucible and applying a CUSP magnetic

field to the nelt. The heat thereby supplied to the

ICHRIr Ao REr8hi POl Badl ¥yt AlriiaRebRaSEs the @aifl temperature
t enper at ure %@adl ent there and equalizes its radi

al
RGeS 3¢ 3o EEREwSPErdBEEn FourAf LR iebed DE 103 39
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has however been found that these measures of radially
homogenizing G are not on their own sufficient to achieve high
yields of low-defect semiconductor wafers. For instance, it is
often found in particular that semiconductor wafers of rapidly
pulled single crystals have a wide zone with unacceptably large
COP defects at their center.

It was therefore an object to develop an MCZ method with which
low-defect semiconductor wafers can be produced with an

improved yield.

The invention relates to a method for producing semiconductor
wafers of silicon, comprising the pulling of a single crystal
from a melt contained in a crucible and the slicing of
semiconductor wafers from the pulled single crystal, heat being
delivered to a center of the growing single crystal at the
boundary with the melt during the pulling of the single
crystal, and a CUSP magnetic field being applied to the melt so
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" iﬂﬂr"fbAroved yield. 30 The invention relates to a nethod

for producing sem conductor wafers of silicon,
conprising the pulling of a single crystal froma nelt
contained in a crucible and tge slicing of

sem conductor wafers fromthe“pulled single crystal
heat being 35 delivered to a center of the grow ng
single crystal at the boundary with the nelt during

thetpyl hengrof Lherden@dre cher ¥obal maghde fc Ctﬁadmgf&tﬁs@cts a
field being ﬁ)etplledtothe melt so 5 that a

neu
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phil Fidg axds-mefcet e shage tcrystal at a di stance of at
least 50 mmfrom a surface of the nelt. 5 The net hod
i mproves in particular the yield of |ow defect

see aachet ompa&ew Qb Sbhiiarulaidt htBediaraicer oof B0 defect
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nmet hod provi des.a wa ich 10 a_zone with |arge_ COP

Gt a i bhelidht S 16fnE ne b coh TFerth Bess m/mix.

Eeguceall DF #mitethe BysieBt enikveReshodi gaovideds ianwent dms which

have establ.ished th di-al profile of th

G G5 T toqUaTF3ea0Ro e T o160 o PFeat el S fon Ehere bilicon

mefitr atas Wd aeeuekdt be £SHadagnetic field is placed as

far as possible above the surface of the nelt. Ow ng

to this neasure, the nelt flow transporting heat toward

Bhe ine;aneivef sthéighasehdoimdaryonserteves ¢goideghror ¢hat the

SLEO0O! Yo ORta. LIS GRIL ery iueygE, LLNagoal 8,888 more
oun e 20 heutral plane cannot be move

afﬁécta\relw viheem mmnéubmhmfatd@e aferpper EUEP emagnetlc field
adj bety vvej?aqit fo t n n 1
E %lgjeglcinl%ng t%hgﬁggﬁﬁs}lo bgelg%\?r%s%ﬁag? g?%@él\/b(lr)gogle}ﬁe meLE

pwmghéOt shper aeaperygr athenneblecbhes toansprnting hart 'toward

the sthobe o£r¥8s abnsdardcidd@ r§r Qenhing @eeuw&ms}ore strongly
fashion. It is therefore 25 preferable to place t

RBHEr ARisurdenterof FneveysP Hagheti &1sp e@%ﬁ%of?% fpat the
hBhersechsahbe cRuhbt NGed oy edf AR t$1aRGNE far upward because

the temperature gradient between the edge of the single crystal
and the adjoining melt then also becomes flatter. Moreover, if

the temperature gradient becomes too small, then the single

-crystal starts to grow in a non-round fashion. It is therefore

preferable to place the neutral surface of the CUSP magnetic
field so that it intersects the pulling axis of the single
crystal at a distance from the surface of the melt which lies
in the range of from 50 to 150 mm, particularly preferably in
the range of from 80 to 140 mm. The position of the neutral
surface can be controlled via the horizontal arrangement of the
magnetic coils and via the ratio of the field strengths of the
fields of the upper and lower magnetic coils. For example, the
neutral surface lies commensurately further away from the
surface of the melt when the distance from the upper magnetic
field coil to the surface of the melt is greater and when the
field strength of the field of the upper magnetic coil is

smaller in relation to the lower magnetic field coil. The
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crystal at a distance fromthe surface of the nelt

which lies in the range of from50 to 150 mm

particularly preferably in the range of from80 to 140

mm The position of the neutral 30 surface can be

controll ed via the horizontal éarrangenent of the

magnetic coils and via the ratio of the field strengths

of the fields of the upper and | ower nagnetic coils

BOLLEIAMLG sdDle OULEE SHEPACHaLLES LOFIRIN Beblobes  tne
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eno?regt&t{:E §%X§#%%%ﬁ§” etmeen the nagne%#c %%glgeggf}sbelow
whel echéheigkiodl figenponent of the CUSP magnetic field
Is zero. 5 The present invention will be explained in
more detail below wth the aid of figures. Fig.la
Ethiekmt seanat igegilyt Sephets ebper bemperafivgter iBetiréhurhon in a

h p fr th I Thepgpack tQ@
%%H?%%tﬁg¥ﬁ%%ﬁn ?%%E%?cfgg%é g?gfﬁgﬂihasgﬁbouréﬁﬁiﬁg the
r

rerthaums tHe ARpavicendet a?tir hgr é’élﬁéﬁt beun@ﬂégerﬁéé?avs the

YRI 4 Bt pEdhireS ghai &ed, kiRt 2B8¢a1 Ofathe idef eql) is of
formati on. Conventionally t he tenperatureégradlent S

eIt h%@ﬁo%ﬁaﬁ‘ﬁé f:‘?%/s*%haff SRR onk PR oot h né’re@élonally the
@@%’étﬂaldﬁfrer l@@'a@ﬂeﬁﬁ egi fréﬁﬂ hﬁ%t%ttﬁ@ecrfyéwle edd® owing to
crystal cools rapid enper at ur e, decrease per

% tRF9eF @m?tbntsha%s l%ai%afzéapa@%tft@& dF Rt Bt | e ¢ gingle
bﬁy@@emS 260060y NO:-drpetrheuYer askeyad®arlr, 18hAG€eR) | S
determ ned essentially by the value of the ratio,
represented by the 20 ordinate, of the pulling rate V
Rhgl. e saxival mﬁmpea@deedegéadi&h&t@lahtih@ ploaskee expected
bound If this value lies in_ t regi on dengt ed .
FrCUWnt %?thé03|n§1e S%ngkP |sI%é$ﬁg pu e %ﬁen(¥%%rmlned
sw@@adrlwsthi/ m t helsenpfonchiet aatwaf erersladseeded by the

-swirl defects ,and e

%%é) %ée’ ETﬂgui gg%ﬁ%%ﬁh%§%§ 8? tﬁg réﬂ?onk?%gdé%%pggature
gj:@dnlemms@ w:Gthe phase boundary. If thlS value lies in the

region denoted by II while the single crystal is being pulled,
then the sgingle crystal and the semiconductor wafers sliced
from it will be free of A-swirl defects and large COP defects.
The upper boundary of the region II denotes the lowest V/G
ratio, above which aggregates of vacancies will be formed which
are larger than 30 nm. Below this boundary, only small COP
defects are formed. The lower boundary of the region II denotes
the highest V/G ratio, Dbelow which A-swirl defects will be
formed. Above this boundary, only B-swirl defects are still
formed. Between the upper boundary and the boundary marked by
Cerit lies the OSF zone, in which OSF defects will be detectable
if no measures are implemented to limit the incorporation of
oxygen into the single crystal. The boundary marked by Cerit
denotes the V/G ratio at which neither vacancies nor silicon

interstitials are present in excess.
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rati o, above which aggregates of vacancies wll be
formed which are larger than 30 nm Below this
boundary, only small COP defects are formed. The | ower
boundary of the region Il denqgtes the hi.ghest V/G
rati o, bel ow which A-swirl| defects will be 30 forned.
Above this boundary, only B-swirl defects are still
formed. Between the upper boundary and the boundary

Tﬁékﬁl@tf@&d £@ddﬂdllnlgescot heecOShvéahEon | feMLEOGbtain as many
I_dLefe will e detectable Jif no neasures_are

Ftled SFE‘lFPﬁﬁi’fc?% WRESK Sor aF | PSSP LExy §ENN rft o Single
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&r B C5p 8
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t he tio es not e in he re f ot rrmtl
58° aEBhpTed 367 AlRbvirGoroser FelRet Y Se il Y TR HAL, ene
pesstrdl esmofaden dfhevtriedi diesf atthe fd:rsitahcen off atl dreget 50 mm

vd ects regio rd| ta the 1nven
%%P %gs ach %evgd gytéﬁply % %ﬁ néFsec%leﬁg' §Mlllng
tkeésnmelt, the neutral surface of mhlch lies at a

di stance of at least 50 mm 10 fromthe surface of the

melt where it intersects the pulling axis. Fig.2
EtheﬁaﬁbbamapigﬁbMB $h@wsethei@ﬁ@thOQSmM@eheth@e@xtaE axial

%OP!LE Qf t@l?ewq'fé&qualsué&ﬁfaaec@ngnhhetlfx@r %@18’5 of COP

15 defects a size nor han 30 nm
pafeFhy vatksaopigbof MBS rilyam MO | fimt Rerneydiang rates of

§y£>£aceola“et erpgals. ther Ryl I AgueXd s helrowckhe: spefacss  the
of _the nelt, i.e. at a position_ which is Iess than 0

BR1{ HRg s RGO then &€ EpEaLP| Fapgeehing 1-©- at a position

WRaseeps akdas maay ¢OBndehecisavd [dhdie, dahaebégtaﬂm Sld¥ye and
still 20the case | f the intersection point lies in the

PRYF O AP 1h &2ng U (G0 FUe ettt PeofSFScEefhe This 1s still

tRterseet ii@N tpei ﬁhté&séats@el pbint heissope ehet I&reglon of the
[ ntion of heat is . .concentrate

BAYERT ot ofihe™ebnt e bt 'L hete? i CCETSRE R, HHp 15 raised

in the scope of the invention, so that the supply of heat is
concentrated better onto the center of the single crystal, will
the number of large COP defects be significantly reduced. If
the neutral surface lies more than approximately 150 mm above
the surface of the melt, then the single crystal will no longer

grow in a round fashion.

Preferred embodiments of the method provide one or more
additional measures for radially homogenizing the axial
temperature gradient G. One of these is that the single crystal
and the crucible containing the melt are co-rotated while the
single crystal is being pulled, and the single crystal is
rotated more rapidly than the crucible. When pulling a single
crystal in orxrder to produce semiconductor wafers with a
diameter of 300 mm, it has proven particularly favorable for

the rotation speed of the single crystal to lie in the range of
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y“fhe nunber of |arge COP defects be significantly

reduced. if 25 the neutral surface lies nore than
approxi mately 150 nm above the surface of the nelt,
then the single crystal wll gp | onger grow in a round
fashion. Preferred enbodi nents of the nmethod provide
one or nore 30 additional neasures for radially
honogeni zi ng the axial tenperature gradient G One of

thesesi $ot hat Ahe SINoFs censt abr and &P@cﬂu@i@&elle in the
containing the nelt are co-rotated while the_ _sing

EppeeaPti $TBBI dg H0ul4 eBPMandSt HETERngFe ROPFPAR .as difference

petated pmsersapidy dbatnd hes cpaeibhgartenRiekirBd @n this
single 35 crystal in,order to groduce sem conduct or

GaPer sHAVEYCR ERAnBLRYLDf CZPBCHmM 210 hakOpFGVBAT be rotated

pabt kepl @ry Yodan@ealkite el o set he otatbONdspRetkDf 1hRe become
single crystal to |ie in the ran rome6 to

PRRT 5P or it 61t n8RER UL BFE ?odFifgl?lﬂ#’iJrf‘es ?%né@sses in
ehefr e0ydhé® dpfeiBssAnd arge asopossitlieca difdRrence another

bet ween the rotation speeds is particularl referred

f"ﬁé’tﬁ%r‘ajcaﬂe %\F&ngl{sﬁé sitfigl éth&‘r y§tl§It¥iQE‘§o gfoulgich 2

Bﬁﬁ\é&e\:ﬂ'dﬂaadt efta tsh@ellapi @hyrbeﬁ@us@d ﬂ‘td‘lesﬁa\mgﬂ& Idrywﬂalﬂ lies
e deforne econe non-roun ent a

BFehc o { FRaiAes et o qiele bHAY e Rl toctistgrably

fbomommlstblcﬁn naf ermurtAratber addehhobat nEtMDdsource may

C%& S 1S trfc’allln e dsle%lt a oer aetxatvr\{lgoll%h s%chc oagv%nt I 1lgggt in the
U oUn ng ‘the’sin crystal,

Phevsmuékyxyumédtbé ﬁéBt3BeWﬁ@ at, |E@S®rdirrﬂn heat the single

g%)z% & f.kg yed%oa{aj%ggﬁ?lgo ht a rlf[aE:Q € é goft:?lea Geafnu lI?ir thﬁ s way

sour ce "pe°use or exanpl & su
as is @essﬁbb@df®n the hpaévnagstylnltéa DEt¢©3r391¢@20f the

&by d ik Onflershgheat. L O%S'a%qihe%xfg&e' tﬁeeggfal remperature

adj ol ni'ng the Sur face hi's way It
posdidsite & g tthésheagiPnputcihe tdrntaolépdr *é@mnammtawéely and

s@hhhd WG 5k RgbecaEysl Al codid stdagr etvﬁ[@ht@e%n%(ﬂ e done via
temperature gradient Gin this region,

Elont AbF Farrs drstwrssurtdise| Reain Fhigddpred ttélevafﬁ%tngsurface' or

ther pal LeRdi tiaksy W Gh GapRolyibe: deng, Vi Buchh® controlled
di st ance between the heat shield and the nelt surface

Bfab0 Mkrile Jd%né'-hﬁqeﬁégﬁ o’ﬁ?%/l%tﬂ Ldi e lellln)sI Sg chYStal is
epddidded because the geometrical and therefore thermal

conditions vary with the length of the single crystal and the

decreasing amount of melt.

Preferred embodiments of the method alsc provide one or more
additional measures for controlling the axial gradient G, in
order to be able to produce low-defect semiconductor wafers
with high productivity. To this end, according to the Voronkov
model, the rate V and the axial temperature gradient G must be
raised uniformly when the single crystal is being pulled. In
general, an increase in the temperature gradient is achieved by
stronger cooling of the single crystal, for example by using
heat shields and coolers which surround the single crystal.
Unfortunately, the radial profile of the temperature gradient
G(r) becomes more inhomogeneous as a result of the cooling and

the higher pulling rates. In order to be able to operate with
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heat supply in the edge region of the single crystal is

expedi ent because the geonetrical and therefore thernal
conditions vary with the length of the single crystal

and the decreasing anount of nelt. 25 Preferred

embodi ments of the nethod al s6 provide one or nore

addi tional neasures for controlling the axial gradient

G in order to be able to produce | ow defect

SERLE c;{or h\!\L@EerﬁulY\iﬁgh RiagBspr ogeict | \WHG1dTOth&kSfore be
end, accor to the Voronkov 3 rmdel the rate V and
ordiusred "i%njp%?%l’t*%ﬁr‘éejé’raﬁ SRS BT T 08 g et toward the

gahter ndy mt@ngﬁm:sg Ngilrey1er y:&g;ahaus beéngeptl tesghsddrt takes
ggneral |nc]: e in the tg ture qﬁa%l ent is b1
AFEvEASBYE18t FonBEr ToBFs gt b1V t ASTSFRGH & FEPYs(he, crucible
b@tt@ﬁ(ag@kﬂﬁrby iﬂﬁé' ngenbeat loajhl ehéISfpm@ecom?ﬁ@awﬁl ch smaller
surround the sing crysta nf o te t he
PRBPSFCisor 11 of 170 | Biimel BEiR s ad Gioc Y ) Via  thermal
beﬁ@ﬂ@tslmre THEh O rnPENEoUs 1 2§ aré@ﬁili"éd of hédne cb@l ipsngaferably
and f her. pul |i ng gat es. In order .to bg abI Ql
BpBYLLE vﬁYt Yo Leg&t PBhI 8FRYy %‘?‘bﬁwcepﬁﬁa]tﬁagré 8s® "e%ﬁ region
shiothd dherviefler eobeomdel i vered as intensively as
possible fromthe nelt toward the center of the
growi ng single crystal. The heat transport takes place
gasemtdeal |40 bychigeet thiranwcdiaety edit;horpd]ha‘ngr ucatddse 5it is
g%g oggﬁl %dugge Cengeieohetr“% A %dary A%ed w1th the
Tet proportlon nay al S0 be mtro&?]uce dir éct
thecimle x@mﬂomCthensﬂibéeaddyst@hahbyblequl rpedlhzéat arns'l which
rab I y e u :
REgLE 8 ahe- 20y, 2P ey o T, (308 JRRuPI8 B6Beon. fyring o
Fheorfaet ttéiaécchﬁ:@ehsaltt isogirael yishi galped | waghr dthes, cigcible,
Lai PLELAT ahLE: 1.0 UBur ORI | 6o NeabaaoUEae Wlkelel Sit 15 not
raised wth the <crucible while the single crystal i1s
BEFRTSHU | ted, CaRPWif teh Tedt P easd (919 yihget etpdipasing
Qisﬁ&%&fb’&d@& batd 0Ma OMAG-dD b the: fastcidial B om. The

heat source is raised with the crucible, additional
ﬁ@’é??’fﬁjj p@ﬁB‘F‘G‘F’él‘F%]t raé’ﬁé}Pﬁ?%‘Hertecééset}il‘? figafotsource at the

crucible bottom assists of the formation of the central melt

-

flow, which transports heat. In addition or as an alternative
to this, the crucible bottom may be heated with the aid of a
heat sgource which is arranged statically below the crucible,
and which is therefore not lifted together with the crucible
while the single crystal is being pulled. Together with a
conventional lateral heater, which surrounds the crucible, heat
is thus preferably delivered to the single crystal and to the
melt in wvarious ways. In order to produce low-defect
semiconductor wafers having diameters of 300 mm with high
productivity, the heating power is preferably divided bhetween
the heat'sources in the following way. The heating power of the
lateral heater lies in the range of from 75% to 85%, that of
the annular heat source from 6% to 12%, that of the static heat
source in the range of from 5% to 10% and that of the mobile
heat source in the range of from 4% to 8% of the total power.
The region in the crucible bottom, to which additional heat is

applied, preferably has a diameter of at most one half of the
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necessary to conpensate for a power |oss due to an

i ncreasing distance between the heat source and the

cruci ble bottom The centered geonetrical arrangenent

of the heat source at the 20 crucible bottom assists of

the formation of the central Melt flow, which

transports heat. In addition or as an alternative to

this, the crucible bottomnay be heated with the aid of
Brybeat spuae hi Cli‘hbs aLhARgLMd, St atdeal iy hebaw tsiasum be
crucible, —and which is therefore not [ifted together

TP EC 19T 1 VBBt DB v Iseighsegi®gl e crystal is being
pul l ed. Together with a conventional |ateral heater,

whi ch surrounds the crucible, heat is thus eferably

Hel P¥ErEd % ePeieienghedichy sl L FBtehe wgélﬂfl ife "in the

¥ahbOUS FWalSom | 0, 95 deb t®. 3 ogieR: h OWdef efingle crystals of
sem conduct or wafers havi ng di aneters of 300 nﬂ1MAt%

ﬁ*%ﬁFQK)Eﬁ¥xﬁﬁﬁ4QHW§VCtPﬁewﬁ§ﬁ¥ﬁn@aﬁbﬂ%ra SipPRERF aBfy300 mm,

ghy i flagh hetwren solifge hRB) OWGREUN The Aodd W RBHWRY of the
The heatjng power of the |ateral heater lies in the

tarRe of RERBRE 759 tBLBSORSEnRTSEPTAPRE dAREI A hte%& range of

SHGH cesao faom®B2 k82128 thatarpfuibRenskat keuheatfrSOUINge to 20%

|n t range of fromb5%to 10% and, that of the
SEErOE [HCRE PAROESOFE IS ot 496% G BRROPL REOM 108 co

zmtahfnﬁwemotthpow@@Jon in the crucible bottom to
whi ch additional heat is applied, preferably has a
di ameter of at nost one half of the 10 crystal
Comrmiteionallle, t effper heat engli @bwebutdmntshomatel‘ml heater is |
rotati trjc in sai d_regi In_order, to

ST R P | H9 D o8 CHhF CRoToie [T RER 5% anas the
@és fraain 0£®alh0g0 552 e Miamand thhslnngysthtalénaMEter can
Shhicamdor seaLcondunlof Bl fhs,havldg, a di aneter of

eat source nay be onmitted. The
heati ng power of the lateral heater in this case

@%ﬁ eié‘%)éekla?é 1P Lhesr @EQfa@nfed T £009 6DnL 058008 o t E%stal by
0 r

t he annu eat source from10%to 20% 10 and t
efoting st &R ¢hRcatwayouride | ROEAk cardgénsf Btém qu"/&l’l% single

20%1of1 the iﬁ’f AleRRne landCmee ndsdi@nal défnpetrla%ubg abkaeh ent G is
power of the |lateral heater is controlled over the

tesiRarest ArRredilngFeecrysted t ke tlat vaFRiicy aggregates in the

temperature range relevant therefor (melting point up to about
1000eC) is furthermore influenced. The higher the cooling rate,
the smaller is the size of the COPs which are formed. In
particular a water-cooled heat exchanger, which is arranged
around the single crystal and comprises safety features as
described in EP 725169 Al, is suitable for effective cooling.
Its inner surface facing the single crystal i1is preferably
blackened so that as little radiative heat as possible is
reflected toward the single crystal. The emissivity ¢ of the
inner surface is preferably at least 0.75. The inner surface

facing the single crystal has an area of at least 2500 cm?.

Preferred embodiments of the method also provide one or more
measures for controlling the oxygen concentration in the single
crystal. The oxygen concentration in the single crystal should

be controlled, and preferably low enough so that no OSF defects
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15 desired pulling rate and the crystal dianmeter can
si mul taneously be achi eved and nai ntai ned. Heat is
preferably also extracted fromthe single crystal by
cooling. In this way, the tot@L cooling rate of the
single 20 crystal is influented and the axia
tenperature gradient Gis increased overall. The
nucl eati on of vacancy aggregates in the tenperature

L3R0eoLREE VAN thetelide CTBLLENGPOLNT Up ﬁlaiwwlth a ratio
10003C) is furthernore influenced. The _hjg

V46l wﬁgc}ﬂat RCCOFHNGs Ryl [EEE VOTPRECE| Beded. t%@ﬂéoése conducive

Wi Chhaar eofdRe: bH 2acRaikiredtar anweds - 600éednheal there
exchanger, which_ is _arranged around the singl e crystal

SHAULB MFTiS0e AT TP Wedtur 68048R PEYEFPDeRP | P sufficient

E&élégtfén déntSid allee ﬁr@éeﬁffeéil ¥YBe CORYGEY. prédﬁntates Tt
i nner surface fa0|2§3t e . single crystal is refera

BadteMBd 65t Hdle aCTMAtEPR PAdiTG AP thekt c§§tﬁ6§5| 8¥e oxygen
ipFeddpl edtart achd owar eutrhecisé ngbecsrarstialey, Then be increased

Vit the innper surface is pref
%é’a? dbt%lalﬂwe dWHEP WitE RETIND AGY RE g?ﬁg?% Uptionally,

&h}é&‘ssﬂ&)ré’l,asdc@jf’ir@f aayofaﬁai timtlyzmogamﬁl edPoet eried nitrogen

i ment.s of t net ho S ovi e or

RBALET e o trEE) PR TS e CedRenEpat e R tion of

Dbe sdgt@lces.criyist ak. fTrehexygen @:ﬁﬁ@ﬁnttﬂﬁtl othé nrtahge within

stal shoul d e .controll ed refer

W%ﬁg%nou Y haf?nbo Cgflggfe58§ 1?k°§ f&?ne ev%é -defect

Weaﬂ:cbmcsudrgl eafeyst dks i grgaddredwivdrt h ther adimgleV/ &ystal is
laior?a%%frddfvge&o v$1 Vorgpkov m)g%é:ibect Uérd %gfiﬁogen or a

congu0|ve &-f orhmat i on - of° such
gthbinkaid] t bére thelseul dlamsotpr ef er=abl yemr@wughe oxygen

QXNOER: SO LAt Sl@o%'c‘éh@?ét:?gr{‘%éc%%‘cﬂlﬁp E@”k§‘£nom idard F121-

present for the oxygen preclpitates 1
6ﬁepﬁ@fﬁﬁ@bbn bt el eendeoriceina SHIG oxbeesycm’ to 6.5x10

QESEEP&EW €s; é@glfa(bfé” A £l hgd@fﬁfﬁ{ﬂb' ldo ngcaﬂli{:}? nitrogen
i ncreased by addltlonalt%xgoplng wth nitrogen and/ or

eBEHORH. CARIOAE RPE 1R By dopi ng may additionally
be carried out wth nitrogen 10 and/or carbon so | ong

as this does not lead to the formati on of (OSF_defects.
Fhei eXYeRt AR e TREORA %%a@rﬁﬁﬁ¥ﬁh&ﬁg€°RFFﬂi%edvWﬁ%ﬁFhe field

VYt Cen@iyh VaéerlHddN Gyt henhdprediddien «ofi Usow~def etle pressure in
the pulling system and via the throughput per unit time with
which an inert gas, for example argon, i1is fed through the
pulling system. The oxygen content in the single crystal is
dependent on the melt flows. With co-rotation of the single
crystal and the c¢rucible, for example, increased crucible
rotation leads to a lower oxygen content. Field strengths of
from at least 10 mT (7960 A/m) to 80 mT (63700 A/m) in the
region of the pulling axis in the melt, and a pressure-
throughput ratio of from 0.004 to 0.03 mbar/(1l/h) are
particularly preferred. If the field strength is too low, then
the effect delivering the melt flow toward the center of the
phase boundary will be lost, the melt flow will diverge and its
homogenizing effect will no longer be exerted in the central

region of the phase boundary.
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sem conductor wafers is greater when the single crystal

is additionally doped with nitrogen, carbon or

hydrogen or a 15 conbinati on of these elenents. As

regards the oxygen concentration, a concentration

according to ASTM Standard F12]1- 83 preferably in the

range of from 5x1017 atons/cnB to 6.5x1017 atons/cnB

is desirable if additional doping with nitrogen and/or

carbon is not intended. 20 The oxygen concentration is

priet 2aabhyt Sontemidsethtvithet hmffluehde @ti@ngthe geieldatedength

b e etic CoOi V. es I

sés%gn1a V|ag?%tl%h¥%%% p% c?ptgkge }qeabﬂé EJ%%?E%B ngh o

anthhion ghsthd eringlanpreseapdmvea onf ¢tet hrkpagh ttrec@Bration
[ yge t.int S| ngl-e

c#ys%ﬁg Sé;{L%'%gepe-r%g‘es ﬁ Eﬁﬁ% thms. §{h%f pressure to

brpuglawbncgfdwﬁe:ﬂemwgl ethecrgpsygmn apehteres cr Uei blust however

QEoe%QnElefecii_é}?rs%asa%dFélgerbgiaqlaﬁteéoéﬁé J&%J%O@‘t of the

ower oxygen content. strengt fron1at east
POTRAIC1FY6GRA/ njonderBR e (68Y0MA tjiei roashe sBceegilave the

%u&bﬁ QU|é&ﬂgmﬂébs %thgg %8%$¥ é%gﬁgiﬁ£a%%% nd reach the

roug put ratio of “from 1/h
pba$ECub<a¢n<%aryn ef ard edrause t keystel d Sitslongthons t@@ﬁre The

%9%11&@?& Jﬂ“qO%f E@@&cgeéiﬂﬁé r&ﬁsfﬂsﬁg%éviﬁ@%me@e% of at

he center of p ase boundar

HBREC T BOW WRI Wl“eh vere mard iings rgseﬁoh%g@m%%rﬁéoléf feggried out
el b HPgﬂl%‘lg@srsuQ% %&eake@ea@ttm N, T @Iartaegwﬂ@fpfmrably

phase boundary. Fig.3a and 3b represent t he ,
RRf | tRFte Y cﬁb’?ﬁe fiel Fhir eng¥h tht ©Relépgp rate in  the

fegpetd Cutd etth RN Nener Hed DL IRt & QP MdR Crgregates may
rotation of the single crystal have on the ox

2bRCeREr dHERISER ERESYRA 1e58r§§F5IeVSFtﬁ ﬁth@efeCts are
Fathe®3 of pressure to 5 throughput co-determ nes the

oxygen content, it nust however also be selected so as

to guarantee effective transport of the particles and
ED@densﬁice& oHt pfefém:agiaspszpaﬁﬁgabcmamddwewn:hucmbieq single

Clhe{ ﬁrtlc es etne t .and regc %ers with
SACE bouniar s B Satsa i JEC AT oers AL THRe T niRe

Aheh vields, can be pulled from a melt even by using
comparatively high pulling rates of up to more than 0.55 mm/min
in the direction a. The single crystal and the crucible are
rotated in co-rotation directions b and c. The device comprises
a crucible 8 which contains a melt and is surrounded by a
lateral heater 6. The single crystal 9 pulled from the melt is
screened against radiative heat by a heat shield 2 surrounding
it. The CUSP magnetic field is generated by two mutually
opposite magnetic field coils 5, which are arranged coaxially
with the crucible and the pulling axis of the single crystal.
The neutral surface 10 of the CUSP magnetic field intersects
the pulling axis at a distance d from the surface of the melt.
The distance is Zfrom 50 to 150 mm. The pulling device
furthermore comprises a bottom heater 4, raisable with the
crucible, which delivers heat that is transported by the melt
flow 11 directed toward a center of the growing single crystal.
The axial position of the neutral surface of the CUSP magnetic

field above the surface of the melt makes a crucial
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10 production of | ow defect single crystals having

di aneters of at least 300 mmw th high pulling rates

is preferably carried out at a high pressure of at

| east 40 nbar, particularly pieferably at |east 80
nmbar. In this way the cooling rate in the tenperature

range of the nucleation of vacancy aggregates may 15

al so be increased sonewhat, so that even smaller

dehecilsutaraen tor neck ﬁégt4f§bwwslla peetkingedtpal |deger in a

h which I [
IS A0 50 STLS cCIaLE il S PR g cianny 1ess
caanbelpul Fedids omfa el t senvghe byrusialy ommarm| wehyhes the
QE%Q@PUlb%ﬂgrrgkgiﬁgge&pf% &ggg!& a@h% ?ﬁ ﬁevi@e are a
1 oNn . e cr

rec e Sin crysta I'ble
ametlcobatEdmiheaoeroﬂabwomhdwhe@mlmm&dxﬁawdng Ifneon of the

gﬁ%{k&ﬁ coq_:wprchgge dngcl%ﬁ‘éc' .J[ er\gﬁ!ﬂ"h Cn%[‘t g' Nedt ”%L;I:Jiqanger 1

'S surroun heat € e sin
@myspamdglmmheedsmdm thestel tandg prsaﬁee@béﬁ agralﬁétmth water

8@% il ggat <?r¥ nfeat, S0 e%xgrdébcseu”gé‘”%ﬂg a4 afMSnnuiar

magnet’i c flel I's ‘generate tual
dpposit @ hmgnwbith fhelkdgeopfsthe whn@heaﬂeyairarlan@@mlnmg the
%ggglgél matMd h the crucible and' the pulling axis of
the single crystal. 30 The neutral surface 10 of the
CUSP nagnetic field intersects the pulling axis at a

g3t anGed bagm thHe SdHef aﬁ@a@f @Rkt J&?léi‘)St aneg at a

is from50 to 150 nm_The pulling device furthernore
corprrcesea fnom d}hqqe%ﬂ@r £99%j shbFBewheRtt f@ield, which is

eruebbhery WRirch cdel | ¥8fse heat thah i g0t ranspont eﬁlmby For the
the nelt 35 flow 11 directed toward a center of th

SFOMFRY Yt ngfe tPysiafect TRENGKS alCtySEPLR o o t ﬁégh pulling
&@U$éa|m§$éfﬁﬁ§n0F Bhﬁﬂﬁﬂﬁﬂ,”H@M@t?ﬁsééméﬁ(bﬁﬁ%?ﬁéﬁﬂyelles in
surface of the t . makes a cruycia con rl utio

THE GETECt POR 10T GRORFRBSEnErEErE b S S LTI vyierotes
ithe. dhavarmte oataiens thbanowsr seﬂ@et aitt italel y&nh&SSr ]hdémftar 3 and

e radi us of the n stal n | re hes .

%gntei VS her S5 f%irgh %?eslgf%f%e pulﬁ% dev?tance 8
arefardblst aﬁrctm blcﬂ ttnmiﬁeamer Thebyowhirchdaga ofit eme | yeatg shield
E fggx%% éhngi ton]Q&f%Q%f%rg%hbl§O|§oh§§tﬁg f?&g éhe free

anger
melt surface. The greater the amount of heat supplied by the

annular heater, the smaller this distance can be kept. With the
aid of the annular heater 3 and the heat exchanger 1, the heat
budget can be controlled expediently and adapted to the thermal

conditions which vary during the pulling process.

Example:

A plurality of single crystals of silicon were pulled under
various conditions and processed further to form semiconductor
wafers having a diameter of 300 mm. The subsequently examined
semiconductor wafers came from various c¢ylindrical crystal
positions, the transition from an initial cone to the
cylindrical part of the single crystal having been defined as
the zero position. Three groups of specimens were formed
overall, for each of which the respective process parameters

did not differ substantially except for the position of the
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surroundlng the S|ngle crystal and preferably cool ed
with water and bl ackened on the inner surface, as well
as an annular heater 3 by which an edge of the single
crystal adjoining the 10 nelt,is heated. The | ower
edge of the heat exchanger (cooler) lies at a distance
e fromthe | ower edge of the heat shield, which is
preferably in the range of from40 to 200 nm For the
Yeuptradusttr P oiof] ahedei@edtisd mdle@dcrystal s with high
pulling rates (nore than 0.5 nmmmn), the distance
preferably lies in the |ower part of the range
imuﬁexndajhaﬂhagdwﬁbaﬁmethréen@heSrdiﬂ@ dbstFdgce hetweerd for

t L. ower, .edg t he_an ter. and he | [
S8 8 HE Pesto i EraToEL gy S5 Sl 40 moBEL voreom
meeteramlynfmme1taseOOSOthH1sIbelyop311®@931m¢lérmxyummas and
Shl lies a d| stance prefera 10_t o,

Pl Ere Frablef i tellPocd GalograLpt: rfomatisiiy puttea
GﬁnbéatC$Upphl®d byethEysaﬂhuhﬁd tmﬁnxhlettmmanﬁﬂdseMere both
COlsoglgtance can be kept. Wth the aid of the annul ar

heat 8r*3°&hd the heat exchanger 1, the heat 25 budget
can be controll ed expediently and adapted to the

%QSEQBlngCQHQ %eﬁ”g§égﬁéigrv%%¥eg r%ﬂgc$h$epgl%%§%?(ﬁhowea the

process. ural ity o single crys
meseanemeﬁe buﬁmeﬂ.uddéectso(%aﬁEeUSEﬁmhdFPDenafénw pattern

‘E‘é‘éﬁé?d ;qu%lggercats f ordy glera Ctxm%rrewacfl&ae%ée%lwﬂqyg ching

aneter 0 he 'subsequentTy "exam n
stem cweda oD mﬂersgbeememt oM vee$ anst cydxandimiagalon . For the

%b)éé%ﬂlens p?x?'vg{“ Ca'an %zbégnéhﬁéél{‘crf rtg%ha%fl %L-Eal;hgf%e 8 E17

e Si n crystal avin
eeedeeﬁrnea3 a@aesa@h@tz@r VO |tﬂ'1|eoﬁldTﬁfeeh§r é@]@@l%ﬂf process

$Reehaesss WeliefokiRd 2everaly, né‘ﬁ%Fe%&Ee%EsWhB§Ec£$Eh P3 had
respective process paranmeters did not diffe

SGBS (ATATAET A ToxEEPET OPSRREAPOSTTL idorb OB LT hatens/cn®, with a
Raut bal vauidacen off tdﬂ%mﬂeta crefsllei;gmeydefl q;e bamxmg(radlal
t he features accordln t%@ m%% used i duced
vREiaFhglelcty st apsd WiHRSHE FRESRDBPR Bﬁ%%‘?ﬁ"% induce

Beatrind faultie (035€¢. of the slowy pulled single

crystal s and

The examination in relation to the presence of COP defects with
a diameter of more than 30 nm was carried out in two ways: By
IR light scattering analysis with a meter of the MO-6 type from
Mitsui Mining and Smelting, and by electrochemical Cu
decoration (DSOD). As revealed by comparative measurements, MO-
6 and DSOD correlate. Before carrying out the measurement,
disk-shaped specimens were taken from the polished
gsemiconductor wafers, with a dJdiameter corresponding to the
radius of the semiconductor wafers. The position where the
specimens were taken 1s shown by Fig.2. Since the process
conditions when producing the single crystals were essentially
the same for each specimen group, except for the position of
the neutral sgurface of the magnetic field, the effect of
displacing the neutral surface on the defect formation can be

shown directly.
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wi t hout the annular heater 3 in the case of the rapidly
pulled single crystals. The crystal and crucible
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g the productgog of further single crystals, the effect of

the heat exchanger was enhanced by positioning it closer to the
phase boundary. Owing to the concomitant increase in the
temperature gradient G, the pulling rate V could also be
increased. The defect images of the specimen group P4 and P5,
based on MO-6 measurements, show a lower homogeneity of G(r). A
corresponding reduction of the COP defects in the central
region was therefore achieved only by increasing the distance
from the neutral surface of the magnetic field to the surface

of the melt from +12 cm (specimen 4) to +14 cm (specimen 5).

When pulling the single crystals for the third group (specimen
6 and specimen 7), the use of the annular heater was obviated
in favor of a larger distance g between the heat shield and the
surface of the melt. At the same time, a more powerful heat
exchanger was arranged at a short distance e from the lower

edge of the heat shield in order to increase the gradient G. In
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CLAINS 1. A nethod for produm]g]? sem conductor fe

é%r%"Hdll@Qn hatt iy e diPSRet eFOBFCI0FHHOYRIABr e, Ehe “orucible,
CaMNas NBedhe gpukkengdfve the melt surface surrounding the

single crystal, a static heat source which 1is arranged
statically below the crucible, and a mobile heat source at the
crucible bottom which is raised with the crucible while the
single crystal is being pulled; and

dividing a heating power between the heat scurces.

2. The method as claimed in c¢laim 1, wherein the neutral
surface of the CUSP magnetic field intersects the pulling axis
of the single crystal at a distance of 50 to 150 mm from the

surface of the melt.

3. The method as claimed in claim 1 or claim 2, wherein the
single crystal is pulled with a ratio V/G so that neither A-
swirl defects nor COP defects with a diameter greater than 30
nm are created on at least 75% of the surface, V denoting a
pulling rate and G denoting an axial temperature gradient at

the boundary between the single crystal and the melt.

4. The method as claimed in c¢laim 1 or claim 2, wherein
incorporation of oxygen into the single crystal is controlled
so that no OSF defects can be detected in the semiconductor

wafers,

5. The method as claimed in claim 1 or claim 2, wherein the



a single crystal froma nelt contained in a crucible
and the slicing of sem conductor wafers fromthe
pul l ed single crystal, heat being delivered to a
center of the growing single crystal at the boundary
with the nelt during the pulling of the single

crystal, and a CUSP magneticidield being applied to the
nelt so that a neutral surface of the CUSP nagnetic

fleRlkdnhntRfaect 85 @ safdl | hadk axbarebst Ne sdngdcr ¥st alhat  the
at a distance of at least 50 mmfroma surface of the
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raised with the crucible while the single crystal is

bei ng pul |l ed; and dividing a heating power between the

ReatTi O W& Hd 2as ThEaimddodhag kAl Tedhd Nexdi@dh M 1, yherein the
wherein the neutral surface of the CUSP n%%petlc field

iSitel Secty Rd paPi HgeaxFEUCHIL harsi il ¢ kefsflal e asingle

cyr%%a@ ep8fnP0rdiQ el rdef LRI EDE L1 frage cefictBeeel t.
The nmethod as clained in claim1 or claim?2, wher ei n

the single crystal is pulled with a ratio V/ G so that

rel tther mBensdM 44 def 8P ROL1Q0R debectSadhtd, drherein heat is
di aneter greater than 30 nmare created on at | east

P3rar Lefely uEP g \EXgehdtien§1aglguFry skt ate iRl temperature

4enokl BE 8Re aXi@l edt8RE LA %@aﬂzﬁ%dég?dﬂeg%ttest he boundary
bet ween the single crystal and the nelt. 4. The nethod

as clained in claim1 or claim?2, wherein

ignCanRonathed £ OMaRE it @1khe 3i BYl 8161 St Alwisrein an edge
controlled so that no OSF defects can be det'ected. i n .
e ¥ Toithrct GrYSiAdf erddI G iTRe The RO LRI b nelej pelt, 1s
¢leaiceyl or claim 2, wherein the 19 heating power of

said heat sources is divided so that the |ateral heat

source shares from 75%to 85% the annul ar heat source

shares frotRaY 49 2% nmédeist atlkemhaeatoSodT£80 Shar @Berein the

single crystal is pulled at a rate of at least 0.35 mm/min.

10. A device for pulling a single crystal from a melt contained
in a crucible, comprising magnetic coils which generate a CUSP
magnetic field having a neutral surface that intersects a
pulling axis of the single crystal at a distance of at least 50
mm above a surface of the melt;

a lateral heat source surrounding the crucible;

an annular heat source above the melt surface surrounding the
single cxrystal;

a static heat source which ig arranged statically below the
crucible;

and a mobile heat source at the crucible bottom which is raised

with the crucible while the single crystal is being pulled.

11. The device as claimed in claim 10, having a heat exchanger,

with a blackened inner surface, surrounding the single crystal.



from5%to 10% and the nobil e heat source shares from
4% to 8% of the total heating power. 6. The nethod as
claimed in claim1 or claim2, wherein the single
crystal and the crucible are co-rotated, the single
crystal being rotated nore rapidly than the crucible.

7. The nmethod as clainmed ingjaim1l or claim2, wherein
heat is extracted by cooling fromthe single crystal

i1t hend eperat Uie c1anaes ofnt heapMchgatdron10fivacancyaving a
aggregates. 8. The nethod as clainmed in claim1 or

dhesitm ShiadRer &iGF S8R 180 & Neofs itlge esi rglsd odr y $tidih, @ lower edge
afiienniingst be surfiacenet theipekt, shSmmheabRde Qurfh€e of the
nmethod as clained in claim1 or claim 2, mhereln t he
diHdl-e crystal is pulled at a rate of at |east 0.35
mmmn. 10. A device for pulling a single crystal from
a melt contained in a crucible, conprising nmagnetic
coils which generate a CUSP nmagnetic field having a
neutral surface that intersects a pulling axis of the
single crystal at a distance of at |east 50 nm above a
surface of the nelt; a lateral heat source surroundi ng
the cruci bl e; an annul ar heat source above the nelt
surface surrounding the single crystal; a static heat
source which. is arranged statically beIOM/the

cruci ble; and a nobile heat source at the crucible
bottomwhich is raised wth the crucible while the
single crystal is being pulled. 11. The device as
clainmed in claim 10, having a heat exchanger, wth a
bl ackened i nner surface, surrounding the single
crystal. 20 12. The device as clainmed in claim 10 or
claim1l, having a heat shield, screening the single
crystal, with a lower edge which |lies at a distance of
10 to 50 mmfrom a surface of the nelt.



