1 Method and apparatus for producing a single crystal The invention relates to a method for producing
a single crystal by means of the floating zone method, 5 and to an apparatus suitable for application of
the method. On an industrial scale, the floating zone method is used, in particular, for producing single
crystals 10 composed of silicon. For this purpose, pdlycrystalline silicon is inductively melted and

crystallized on a notgr talline seed crystal. The polycrystalline silicon is, usually proyided in the form
of a feed rod, wh FCIEQE acrylnga ﬁ%maﬁ? %ﬁv%truesn ,?srg r%yuéﬁf melted 1%€€?n%a%§%#a%¥mduction
heating coil, wherein a melt zone composed of molten silicon that forms serves for the growth of the

single crystal. Tiie meathod:is fefarredda deeeinatier as thedZhmethath 20 Oreaaciangof the FZ
method, which is,referred t t heteinafter, ystalline gr silicon
instead of a feed 10 %é\lhﬁgﬁ%gg m%eﬁwg%%%ggesgﬁg%} %negi%sﬁgggr? h%%%g Cg or(’l)r%{élting the
feed rod aRd foRtrk cbRtrifad 2pRAIFtSH oF tHelSingfe Ery SR e 8EZMetRdd rhlRes use of
two induction heatingdoils. The polycrystalline granules are melted with the aid of a first induction
heating coil on a plate and subsequently flow through a hole in the center of the 30 plate to the
growing single crystal and form a melt zone. The crystallization of the single crystal is_controlled with
the aid of a sec8fd MAuCBAHREEMG Loif FHiéh is BhandetBdidNIheREENdIREBR%edtfhg coil.
Further details cercbrningther@EZ heethad 35 demdeseribédcfonexampleyis US 20810095018 Al. DE

30 07 377 Al desgribesdbe B2 methad-aad apappaiatus suitablestor casying out the tattes, wherein

the description ISS:'L el\éroct)reld tcl)s'fhejpnr Elgtr‘.r}.gfeggfevet{]etlfged and crystallized on a

monocrystalline seed crystal. The polycrystalline
silicon is usually provided in the form of a feed rod,
which, starting from its lower end, is gradually melted

15 Dby means of an induction heating coil, wherein a melt
zone composed of molten silicon that forms serves for
the growth of the single crystal. This method is
referred to hereinafter as the FZ method.

20 One variant of the #7Z method, which is referred to as
the GFZ wmethod Thereinafter, uses polycrystalline
granular silicon instead of a feed rod. While the FZ
method makes use of one induction heating coil for
melting the feed rod and for the controlled

25 crystallization of the single crystal, the GFZ method
makes use o0f two induction heating coils. The
polycrystalline granules are melted with the aid of a
first induction heating <coil on a plate and
gubgequently flow through a hole in the center of the

30 plate to the growing single crystal and form a melt
zone. The crystallization of the single crystal is
controllied with the zid of a second induction heating
coil, which 1is arranged below the first induction
heating ccil. Further detalls concerning the GFZ method

35 are described, for example, in US 2011/0095018 Al.

DE 30 07 377 Al describes the FZ method and an
apparatus suitable for carrying out the latter, wherein

the description is devoted toc the problem of preventing



2 the occurrence of thermal stresses. In order to solve the problem, it is proposed to reheat the single
crystal by thermal radiation of a reflective protective sheath surrounding the single crystal. The
publication 5 by A. Muiznieks et al. (Journal of Crystal Growth 230(2001), 305-313) confirms the
efficacy of a protective sheath - designated therein ag a reflector - for reducing thermal stresses.
Simulation calculations also show that the thermal stresses are highest in the 10 center of the
crystallization b&8Rdary aBREEREACGHeiP Eontfisiiithlin e RSES RAth tHEdigHEsRst ofthe3higie crystal.
Furthermore, it istehownr-thistt dhermal Stresses patiicukesty in the ceates of the-eiystallizadivs boundary

are all the highet. he./ealsy the, exient (o Lo ridhine cyysjallization haupdany is %Jgf%afd the

‘single crystal, andthat the bending increases with the rate of c ES ization of‘the single crystal.

Therefore, theré 1854 hBe PR TAEASUTEE Whith afd B8 ety st b &g BRtheCn
crystallizati®n bbuyndary, withoem hatiag tetrestitt thel e ofiglystallizatinn; sindlwh@harersuitable for

inhibiting thermaksiressgs and theyensifng risk of the formatiqn, af diséq_cﬂiggéyvith%tg losges of
productivity. 25 Since a reflector surrounding the single crystal impedes the heat_transfer via the lateral
surface of the sIigte &rystal® |e§|;§“ﬁ%5%h X fgabgelgﬁlﬁgl t%lilﬁg ik Zohevid Bfe-fatiction heating coil

in order to 30 edsure Bdsbights tHeumeharbne thatds esquirgdrolerysahgrontle ks issadurther
advantage assogiaied wibnihe wse of adeflactonAs the diameter afthe single grystal incrgases and
the 35 rate of crystallization.ingcreases, the bending.of the crystallization boundary increases. This
aggravaté%othe %(ereoa{igr]f}s 8%'1‘ agc%lc‘)egnfgfy t%%?rrfmgllszt%é:sls%%. %hgeuﬂééa ofa Flel?lgjctgfl%%n %%%ﬁger suffices
as a countelme&&ier PrhéfdtoréNEesHies of ifidipreBentddvartiontis fcourterasttiédending of

the crystallizatianrheuzdary radtihe teasiiag ofitheisingiecrystaltydhemaal-siresses-dadaore
advm“ageOUS%§§£§§cularly in the center of the crystallization
boundary are all the higher, the greater the extent to
15 which the crystallization boundary is bent toward the
single crystal, and that the bending increases with the

rate of crystallization of the single crystal.

Therefore, there 1is a need for measureg which are
20 directed against the bending of the crystallization
boundary, without having £o regtrict the rate of
crystallization, and which are suitable for inhibiting
thermal stresses and the ensuing risk of the formation
of dislocations without losses of productivity.
25
Since a reflector surrounding the single crystal
impedes the heat transfer via the lateral surface of
the single crystal, less heat has to be supplied to the
melt zone wvia the induction heating coil in order to
30 ensure a height of the melt zone that is required for
crystal growth. This is a further advantage associated

with the use of a reflector.

Ag the diameter of the single crystal increases and the
35 rate of crystallization increases, the bending of the
crystallization boundary increases. This aggravates the
problems on account of thermal stresses. The use of a

reflector then no longer suffices ags a countermeasure.



The object is achieved by means of a method for producing a single crystal by means of the floating
zone method, wherein the single crystal crystallizes with the support of an induction heating coil below
a 10 melt zone at a crystallization boundary, and the emission of crystallization heat is impeded by a
reflector surrounding the single crystal, characterize®in that the single crystal is heated in the region of
an outer edge of the %%lgtallization boundary by means 15 of a heating device in a first zone, wherein

a distance betWBBh S Rer thpfe pBft IR at Be dutér dlE YTt cYiERzAM8h atind&ry and a
center Z of the crystatizatioh bobrdargisiinflgencedLPe The phiect isieguallyrachisveddxyymeans of

an apparatus fog psodygiag al%@qﬁ%ystakby mgansof ig foating,zeng method..Gomprising a
reflector surroundin%the sing{l; crystal, an%a heatin% device for heating the single crystal in the region

of an outer edg8 of a5 Erysthlf dlich hotREaR61AH8 &hdi& ¥rystal. The present invention pursues

the aim of icreasing the temperature in the region of the upper end of the single crystal from the side
such that the axigd=30 p@sitien of the crystallizatign beyndansatthesircumfereneg o the single crystal
is influenced, to Q:% E{)eccisne in SUCQi% way that thSetbandit?g of thencrysta#Iiz%tkilon bgfnd%r. :ﬁthat is to say
the vertical distiice between the ‘tenter and the egge 0 he%%acr?/sté:i ization boun%%ry, i€ limited. The
present inventiciP&dh beeagistidd intlependentF e wHethS SilicBH v S8e BHHeT sehlidasductor

material is crystallized and indepepdentlyrof srpethesdke ibn heating coil below a
10 melt zone at a crystallization Dboundary, and the
emigsion o0f crystallization heat is impeded by a

reflector surrounding the single crystal, characterized

in that the single crystal is heated in the region of

an outer edge of the crystallization boundary by means

i5 of a heating device in a first zone, wherein a distance

A between an outer triple peint T, at the outer edge of

the crystallization boundary and a center Z of the

crystallization boundary is influenced.

20 The object 1s equally achieved by means of an apparatus
for producing a single crystal by means of the floating
zone method, comprising a reflector surrounding the
single crystal, and a heating device for heating the
single c¢rystal in the region of an outer edge of a

25 crystallization boundary of the single crystal.

The present invention pursues the aim of increasing the
temperature in the region of the upper end of the
single crystal from the side such that the axial
30 position of the crystallization boundary at the
circumference of the single crystal ig influenced, to
be precise in such a way that the bending of the
crystallization boundary, that is to say the vertical
distance between the center and the edge o©f the

35 crystallization boundary, is limited.

The present invention can be applied independently of
whether silicon or some other semiconductor material is
crystallized and independently of whether the



crystallization takes place according to the FZ or the GFZ method. In accordance with one preferred
embodiment of the 5 invention, the single crystal is heated by means of a radiant heating system
arranged around the upper end of the growing single crystal. The radiant heating system can emit, for
example, IR or optical radiation. The use of a haloge# radiant heating system is particularly 10
preferred. As an alternative, instead of a radiant heating system, it is also possible to use an induction
heating system Of &eRistarf@ HERInG R P PEEME St hiedting 25 ‘a?é@icg by WhidthReat can be
transferred into @& regidiofithe outer edge of the crystallization boundary. The invention is described
in greater detail below with reference to figures. 20 Figure 1 is a sectional drawing that represents the

prior art and shows half of a_longitudinal section throu %a single crystal which was produced in
accordance witt the ﬁsgﬁﬁéi?&g@ méthba. ngﬁesﬁﬁg %%“fﬁ%e GVSIF e ibst3fion $hdws an

induction heatingrotsifor eontrdiliviy thargystalizzatiohaof thiessidgle begstdbyamdeansflectdr surrounding
the single crystals saigeflector reflecting tharmal-tadiation emitiedby:the sipgle srystal. 3@ Figure 2 is

a sectional drawing representing the invention. . Figure 3 is a further sectional drawing representing
Wihe X %a TSR dEhY

35 the invention and ﬁgvmﬁaganséd‘loqtlc?nafEP@?é_‘rarled feattre.” cjbar'ﬁlpose%ao TMolteRmatetial and is

lowered in the pf8BeFigurédy. FHeHIRn Mitefidl sreferably offfiiatd om Fheedytl composed
of polycrystallinesilieon p& fregegranales samposesofpplyerystadine i s particularly

10 preferred.

As an alternative, instead of a radiant heating system,
it is also possible to use an induction heating system
or a resistance heating system or some other heating
15 device by which heat can be transferred into the region

of the outer edge of the crystallization boundary.

The invention is described in greater detail below with
reference to figures.

20
Figure 1 1is a sectional drawing that represents the
prior art and shows half of a longitudinal section
through a single c¢rystal which was produced in
accordance with the floating zone method. Besides the

25 gingle cxrystal, the illustration shows an induction
heating coil for controlling the crystallization of the
single crystal, and a reflector surrounding the single
crystal, said reflector reflecting thermal radiation
emitted by the single'crystal.

30
Figure 2 1is a sectional drawing representing the

invention.

Figure 3 is a further sectional drawing representing
35 the invention and showing an additional preferred
feature.

The =single crystal 1 grows at a crystallization

boundary 2 between the single crystal and a melt zone 3



5 silicon. The melt zone 3 is heated with the aid of a radio-frequency induction heating coil (RF
inductor) 4. Crystallization heat that arises during the growth of the single crystal is conducted through
the single crystal and emitted, in particular, via the lateral 10 surface 5 of the single crystal. The heat
transfer has the consequence that, particularly in theXregion of the crystallization boundary 2, an
inhomogeneous temperature field arises, which is responsible for the bending of the crystallization

boundary 2 towaRIPREerS sfle BRARITThEN Rty of B Ery<@lliZZ88R BedindhR) istéé&iined as the
axial distance ahaiwesa an{@litentriple ppint TIla¢ thenoliter edgeadf¢re gily stallizationdidundary and

the center Z of g@igyﬁtggggti%ggu@agégdzgg@még%ﬁggsgf@ @gleg@ifcs}gﬂr,@yggm@e single
crystal, said reflector reflectin t?ermal radiation emitted by the sw%e Cré?r all in a{ cular the
position of the &ehtd 23t thé cry&aNlizatibn 95 BoundTRED 5 the GeomBtHcar 855 Ais iffuenced.

The preseft invehlion drtheFheresrblidestsr heatir) thesirefe erystal inhile regfonadt af outer edge
of the crystallization bouneagy: by Meanseia heating:3@ deyice & andirthiswaydafiuenging the
distance 4 between the puter triple point T, at the outer edge of the. crystallization boundary and center
Z of the crystalIf(;:%f{its)rgJ %gﬁﬁég"r%ﬁf %1&%62)" hear%ast%Sg ﬁ%ﬁ%ﬁis%&%nggg }'F?:ijnn?eydiate vicinity
of the single crysi&l, afdMee Sindtl& ¥R/=tdl is HirecBPRERETIY theKesehy delice 6 168hmstal is fed
energy having anr-¢tectiical poversafipretefablyinot leas than2 &Y andiaot mese than d244W,

particularlyprefe, gggn%t |%§§' than 44&\/13{%@ not gi{harh’!lg k}{\éa@et[ avg%ig}_it (ﬂégis range is

5 relative to a single crystal having a diameter of 150 mm. If a single crystal having a larger diameter is
intended to be HrEAUEER-IREUPRER lithitdF sakPrahyeys Rightér by atBttoF e8/He8pSHdind fo the ratio of

the diameters. t@ystallization boundary 2, an inhomogeneous
temperature field arises, which is responsible for the
bending of the crystallization boundary 2 towards the
15 single c¢rystal. The Dbernding of the crystallization
boundary 1s defined as the axial distance A between an
outer triple point Ts at the outer edge of the
crystallization boundary and the center Z of the
crystallization boundary 2.
20
With the aid of a reflector 8 surrounding the single
crystal, said reflector reflecting thermal radiation
emitted by the single crystal 1, in particular the
position " of the center Z of the crystallization

25 boundary 2 on the geometrical axis A is influenced.

The present invention furthermore provides for heating
the single crystal in the region of an outer edge of
the crystallization boundary by means of a heating
30 device 6, and in this way influencing the distance A
between the outer triple point T, at the outer edge of
the crystallization boundary and center Z of the

crystallization boundary 2 (Figure 2).
35 The heating device 6 is arranged in immediate vicinity
of the single crystal, and the single crystal is

directly heated by the heating device 6.

With the aid of the heating device 6, the single



The single crystal is preferably heated with the aid of the heating device in such a way that the
distance 4 between the outer triple point Ta at the outer edge of the crystallization boundary and the
center Z of the 15 crystallization boundary 2 is not more than 90% of the distance 4', and particularly
preferably not more than 80%. The distance 4' is the&distance between the outer triple point Ta and the
center Z that exists if the heating device 6 is dispensed with. 20 It is preferred to control the electrical

power of the heZkg PRice & ik thaférdeheRGetsh tidlerfuth Of e &ihgl @ CRRTtal. %or this
purpose, a conprokerefistprpvided, whiels infloences #ié electricab poweref thedb Heatikig,device, for

example a contller thatreducesbe electrisal powerefithe heatingideyice asithg length,ef the single

crystal increases. It is furthermore %referre%to re%ulatet e electrical 30 pawer of the induction heating

coil and, if apprBpfiste, adfdftionally the spesd ofBR2Fing the tingI8 ry%ﬁauriﬁa?ﬁeemétﬁod in such
a way that@a chosém Bbssiutdvalue ofthedhstance ¥ irethe Mall kofle doeglictictiagye, fir example
bydr_nefans of thq.§§ diﬁtan%% 1gbem%&eci@t@t@qjg%@{rih@gcrast@aiggltéqn E@%ﬁ@é@nﬁéheh I
radio-frequency. induction. heating coil bei t as, constant as possible. The distance H in the melt
zone corresponh%% é(eé%is fnggebe?vggé%%ﬁ%ﬂnztrﬁ?relplg %%ﬁ]]f Tlgéﬂjﬁge 9%p83r1 égﬁcif 67 the melt zone
and the outer trigie PSFRTT abthefouiecé@de sPesEPstafizagortBodiitary athat rediohlst the single
crystal which isdiegted with 5 the aid of the heating device 6 corresponds to a first zone, which has a
length L in the longitudinal direction of the single crystal. The length L, which, proceeding from the
outer triple point Ta, runs parallel to the geometrical axis_A (longitudinal axis) of the 10 single crystal,

should not be Idrtfer &P tHe GisERta! ait BRGHEFELTaBRFREEHe 1ohglr i B23TRE distance A
is the distance betwebr dhe oyteritriple pointh Taatthe suter gdgerefithe brystallizationboundary and

the center Z of e grystallizgtion,13 bpurdary hich,arisesvhen theioventian,is usgd. IEthe heating
device 6 also heated a region_hejJow the regjon mentioned, although thermal stresses could thereby be
reduced, the beiing T TcreZ8s \iBre AT SA Bhcdtiive THEediT bFhe Aisdibathtof

15 crystallization boundary 2 ig not more than 90% of the
distance A', and particularly preferably not more than
80%. The distance A' is the distance between the outer
triple point T, and the center Z that exists if the
heating device 6 1s dispensed with.

20
It is preferred to control the electrical power of the
heating device 6 in a manner dependent on the length of
the gingle crystal. For this purpose, a controller 7 is
provided, which influences the electrical power of the

25 heating device, for example a controller that reduces
the electrical power of the heating device as the

length of the single crystal increases.

It is furthermore preferred to regulate the electrical
30 power of the induction  heating c¢oil  and, if
appropriate, additionally the speed of lowering the
single crystal during the method in such a way that a
chosen absolute value of the distance H in the melt
zone does not change, for example by means of the
35 distance i between the outer edge of the
crystallization  boundary and the radio-frequency
induction heating coil being kept as constant as
possible. The distance H in the melt zone corresponds

to the distance between an inner triple point T; at the



20 heat from the single crystal by the heating device 6 would be an obstacle to an economic rate of
crystallization. For the same reason, it is preferred to limit the axial length of the reflector 8. The
reflector should be dimensioned such that it impedes 25 the emission of crystallization heat in a
second zone, such that, in its region of influence, the’radial temperature distribution in the single
crystal is made more uniform. The second zone is adjacent to the first zone. It has a length S in the
longitudinal diréBtBRBEGtheSitglE st Aefeif e stf FHR&Yergih® ScamP L Preferably
corresponds to &5 tdié.Sotirmes thellpagtifotthe diameterlD of Hhtei singlecarystal-The reflectance of the
inner wall of the reflector that is directed towards the single crystal is preferably not 35 less than 801.
The reflector 8 %eé%rably consists completely of silver or has at least an inner wall which consists of

silver. The inne i€ HrEFErAbR poticfied 18 He HeafifihevitB &R ptéreRitfy- &R atded directly
above the Fefledttoe 8 akidwevertteahraisolbg infegratet] iftocthetpperedd of thearefieatst 8. If that is
not the case, thedratinggevice 6 anpgthed reflestori8 can bejgyranged suehthat-they ae
mechanically connected or separated from one another. As a result of the latter, the heat conduction to
the reflector ca(r%ln Eee#e%ﬁ%lflg) r%saﬁl?%:?ef lr]ﬁ%qheea n%’ %Eébljc‘s:'e 6?51 (E‘h)ro?d(alc1 & %roe#{n’ Whlgh'
high-temperatuR-RESSEARI0 AraBridltaving- & high ietibetarreerdndlis preterabBasmbaégied as a
radiant heating systeme Pajéiewat preferenesrissgiven tq arfadiant haating8ystem e@mpriséng one or a
plurality aloge ps,.l ticul I g@nﬁ atj syste formed by. a ring of 15 halogen lamps
which suﬁgundgitﬁl s%g%efgggél in ?ﬁleql?ggion o$t eg})égjtef§ ec%eroft g%ry%%ali%%i%%ab%%%dary. The

apparatus accofdirig'fd tie fivertion S S ih 20°Eiglie 3 HfFfeFs ForhthRe apparatud BRiown in
Figure 2 essentigllytinrareadditional feature hamehy-a bady: % sarrouriding she: single crystal and

bsorbin radiation. Thi [ [ ' ' ice.
s e o TS ol Rl NS s RSO0 .
boundary and the center Z of the crystallization
15 Dboundary which arises when the invention i1is used. If
the heating deviece 6 also heated a region below the
region mentioned, although thermal stresses could
thereby be reduced, the bending would increase.
Morecver, an excessive impeding of the dissipation of
20 heat from the single crystal by the heating device 6
would be an obstacle to an economic rate of
crystallization. For the same reason, it is preferred
to limit the axial length of the reflector 8. The
refiector should be dimensioned such that it impedes
25 the emigssgion of crystallization heat in a gecond zone,
such that, in 1ite region o¢f influence, the radial
temperature distribution in the single crystal is made
more uniform. The second zone is adjacent to the first
zone. It has a length S in the longitudinal direction
30 of the single crystal, wherein the sum of the lengths S
and L preferably corresponds to 0.5 to 1.5 times the
length of the diameter D of the single crystal. The
reflectance of the inner wall of the reflector that is
directed towards the single crystal is preferably not
35 less than 80%. The reflector 8 preferably consists
completely of silver or has at least an inner wall
which consists of silver. The inner wall is preferably

polished.



25 crystallization heat by the single crystal in a third zone, which follows the second zone. The third
zone has the length W and begins at a distance from the outer triple point T, that has at least the
length of the diameter D of the single crystal. The length W of the 30 third zone is preferably not
shorter than half of the diameter of the single crystal8The body 9 has a reflectance of preferably not
more than 20%. It is connected to the reflector 8 via a thermally insulating bridge or mounted without
touching the refflé&@orPeabateat &M< e Methbd fé’rrﬁrgﬁﬁé‘iﬁéﬁé sHgrEERRE By Fieahsiof the
floating zone methods: whetain thessingletmerystl crystallizeswyith the suppart okardnduction heating

coil below a me{tlg@@&aé@egrygtﬂlggaﬂeﬂé)ou (}::lgy, ahgsthe emission.of Eﬁyec@!gz_tatigr_] heat is impeded

by a reflector surrouniding the single crystal, characterized in 10 that the single crystal is heated in the
region of an outefHge 5t R Erytafizafii Dourlddy BFMEARS ofERd&hg Bevidkin Bfst zone,
wherein a distamed adistween &n oatar trige pomt Targt¢le osterledge bathe dristallization boundary

and mechanically connected or separated from one another.
As a result of the latter, the heat conduction to the
reflector can be effectively restricted. The heating
device 6 1is produced from high-temperature-~resistant
10 material having a high reflectance and 1is preferably
embodied as a radiant heating system. Particular
preference 1is given to a radiant heating system
comprising one or a plurality of halogen lamps, in
particular a radiant heating system formed by a ring of
15 halogen lamps which surrounds the single crystal in the
region of the outer edge of the crystallization
boundary.

The apparatus according to the invention as shown in
20 Figure 3 differs from the apparatus shown in Figure 2
essentially in an additional feature, namely a body 9
surrounding the =single crystal and absorbing thermal
radiation. This body can be a passive heat sink or an
active cooling device. It facilitates the emission of
25 crystallization heat by the single crystal in a third
zone, which follows the second zone. The third =zone has
the length W and begins at a distance from the outer
triple point T, that has at lieast the length of the
diameter D of the single crystal. The length W of the
30 third zone is preferably not shorter than half of the
diameter of the single cxystal. The kody 9 has a
reflectance of preferably not more than 20%. It 1is
connected to the reflector 8 via a thermally insulating

bridge or mounted without touching the reflector.



15a center Z of the crystallization boundary is influenced. 2. Method according to Claim 1,
characterized in that the single crystal is heated with the aid of the 20heating device in such a way that
the distance between the outer triple point Ta at the outer edge of the crystallization boundary and the
center Z of the crystallization boundary is not more ttfan 90% of a distance A' that exists between the
outer 25triple point Ta and_the center Z if the heating device is dispensed with. 3. Method according to
Claim 1 or Claifhi®* SREr&ct8iRR in that the electrical power of the 30 induction heating coil is
regulated in such a way that a chosen absolute value of a distance H in the melt zone between an

inner triple poing Ti at gf.LRREr §agl-ofibe gl Zenesand; the-quiertugle-point. Tapidhe oyter edge of
the crystallization 35bo ndar%eiioes not change. 4. Meilﬁ%;lccordin to any of Claims 1 to 3,
characterized in that tﬁ:glging S5 hetEE by TdatFof a fHeatifg Syst8i$s fieating 10

device. 5. Method accerdling &0 anyat/Slavhs 1268, chdrblsterizde in thapthersingle Erystat is heated
Sby means of an inductief heating sysiamiagheald below a melt =zone at a

crystailiization boundary, and the emission of
crystallization heat 1s impeded by  a reflector
surrounding the single crystal, characterized in
10 that the single crystal is heated in the region of
an outer edge of the crystallization boundary by
means 0f a heating device in a first zone, wherein
a distance A Dbetwesen an outer triple point T, at

the outer edge of the crystallization boundary and

15 a center Z of the crystallization boundary ig
influenced.
2. Method according to Claim 1, characterized in that

the sgingle crystal is heated with the aid of the

20 heating device in such a way that the distance A
between the outer triple point T, at the outer edge
of the crystallization boundary and the center Z
of the crystallization boundary is not more than
' 90% of a distance A' that exists between the outer

25 triple point T, and the center Z if the heating
device is dispensed with.

3, Method according to Claim 1 or Claim 2,
characterized in that the electrical power of the

30 induction heating coil is regulated in such a way
that a chosen absolute value of a distance H in

the melt zone between an inner triple point T; at

an upper end of the melt zone and the outer triple

point T, at the outer edge of the crystallization

35 boundary does not change.

4. Method according to any of Claims 1 to 3,
characterized in that the single crystal is heated

by means of a radiant heating system as heating



device. 6. Method according to any of Claims 1 to 5, characterized in that the electrical power of the
10heating device is controlled in a manner dependent on the length of the single crystal. 7. Method
according to any of Claims 1 to 6, characterized in that energy having an electrical 15power of not less
than 2 kW is fed to the single crystal with the aid of thé heating device. 8. Method according to any of
Claims 1 to 7, characterized in that that region of the single 20 crystal which is heated by means of the
heating device has, in‘?ﬁéf'Fcfff@'rtudinal direction of the single crystal from the outer triple point Ta a
length L that is not longer than the distance L. 25 9Method according to any of Claims 1 to 8,

characterized insthat the.tgflegtor impgdes the emission of crygpllize&iggﬁgat ina séeé:ong zone, which
is adjacent to the first zone and whjch has alength S in the longitudinal direction of the 30 ‘single

crystal, wherein the suth'oF fetiehgiSs SRd HirresPends 98 S (6475 tifes tRe BRAEEr D of the
single crystal. 10. Metkad aecordingfio any of@laitrisoh th@ 235 nharsgterzsd & tHat athody
surrounding the singlegtystakand absorbing thermal radiation facilitates the emission of crystallization
heat in a third zone, which follows the second zone and which begins at a distance from the outer

triple 11
6. Method according to any of Claims 1 to 5,

characterized in that the electrical power of the
10 heating device is controlled in a manner dependent

on the length of the single crystal.

7. Method according to any of Claims 1 to 6,

characterized in that energy having an electrical

15 power of not less than 2 kW ig fed to the single
crystal with the aid of the heating device.

8. Method according to any of Claime 1 to 7,
characterized in that that region of the single

20 crystal which is heated by means of the heating
device has, in the longitudinal direction of the

single c¢rystal from the outer triple point T, a

length L that is not longer than the distance 4.

25 9. Method according to any of Claims 1 to 8,
characterized in that the reflector impedes the
emission of crystallization heat in a second zone,
which is adjacent to the first zone and which has
a length S in the longitudinal direcﬁion of the

30 single crystal, wherein the sum of the lengths S
and L corresponds to 0.5 to 1.5 times the diameter

D of the single crystal.

10. Method according to any of Claims 1 ®o 9,

35 characterized 1in that a body surrounding the
single crystal and absorbing thermal radiation
facilitates the emission of crystallization heat

in a third zone, which follows the second zone and

which begins at a distance from the outer triple



point T, which has at least the length of the diameter of the single crystal. 11. Method according to any
of Claims 1 to 10, 5 characterized in that the melt zone is formed by continued melting of a
polycrystalline feed rod composed of silicon. 12. Method according to any of Claims 1 to 10, 10
characterized in that the melt zone is formed by confifued melting of polycrystalline granular silicon.
13. Apparatus for producing a single crystal by means 15 of the floating zone method, comprising a
reflector surrounding tR& $iHgle Trystdl:afd &'ASatiRd devi@%br hefinglthBEiYyleXrystadhth the region
of an outer edge of a ctystalizatio Botihearyiofdhe simgjes erystal. 20 14. Apparatus according to
Claim 13, characterized in that the heating device is a radiant heating system. 25 15. Apparatus
according to Claim 13, characterized in that the heating device_is an induction heating system. 16.

Apparatus accotding tHay ¥t CIARTOTE695, 36tharRiterifed inthALAE hehting Aevit is integrated
in the refletor. 17. Apphestas aecurdady torany b&Clairhs 13160l 16, mhaeacierizéd imtivét the heating

device is 35 dimensionreshinisuehe way thahthatiedign gidhe single srystalavhighdgiheated by means
of the heating device ig,oinq thesé%:gétﬁjdgnﬂfiregtion of the single crystal, a first zone, which, from an
outer triple point 21,, has :Pféng h&tis 2™

12. Method according to any of Claims 1 to 10,
10 characterized in that the melt zone is formed by
continued wmelting of polycrystalline granular

silicon.

13. Apparatus for producing a single crystal by means
15 of the floating =zone method, comprising a
reflector surrounding the single crystal, and a
heating device for heating the single c¢rystal in
the region of an outer edge of a c¢rystallization
boundary of the single crystal.
290
14. Apparatus according to Claim 13, characterized in
that the heating device is a radiant heating

system.

25 15. Apparatus according to Claim 13, characterized in
that the heating device is an induction heating
system.

16. Apparatus according to any of Claims 13 to 15,
30 characterized in that the Theating device 1is

integrated in the reflector,

17. Apparatus according to any of Claims 13 to 16,
characterized 1in that the heating device 1is

35 dimensioned in such a way that that region of the
single c¢rystal which is heated by means of the

heating device is, in the Ilongitudinal direction

of the single crystal, a £irst zone, which, from

an outer triple point T,, has a length L that is



not longer than a distance A that exists between the outer triple point T, at the outer edge of the
crystallization boundary and a center Z of the crystallization boundary. 5 18. Apparatus according to
any of Claims 13 to 17, characterized in that the reflector impedes the emission of crystallization heat
by the single crystal in a second zone, which is adja€@nt to the 10 first zone and which has a length S
in the longitudinal direction of the single crystal, wherein the sum of the lengths S and L corresponds

t0 0.5 to 1.5 times the tidmeteF B0t the &ihgld cRASTAIZ15 9 9. 5appafdtus EECarding $6 4R§ b Claims 13
to 18, characterized by laebonlyt=searoundimbethpcsingle Trystal ariteabsotsing ¢edgrenab fadiaton, said

body facilitating the emissionaf crystallization heak20-py iesingle crystalin azthigkzongeawhich
follows the second zone and which begins %t a dig?%(;e from the outer triple point T, that has at least

the length of the diam&te¥ B8 tha Xiigi8 e ryStir

5
18. Apparatus according to any of Claims 13 to 17,
characterized in that the reflector impedes the
emiggion of 'crystallization heat by the single
crystal in a second zone, which is adjacent to the
10 first zone and which has é length S in the
longitudinal direction of the single crystal,
wherein the sum of the lengths 8 and L corresponds
to 0.5 to 1.5 times the diameter D of the single
crystal.
15
19. Apparatus according to any of Claims 13 to 18,
characterized by a body surrounding the single
crystal and zbsorbing thermal radiation, egaid body
facilitating the emission of crystallization heat
20 by the single crystal in a third =zone, which
follows the second zone and which beging at a
digtance from the outer triple point T, that has at
least the length of the diameter D of the sgingle
crystal.



