| nduction heating coil and nethod for nelting granul es conposed of

sem conductor material The invention relates to an induction heating coi

and a nethod 5 for nelting granul es conposed of sem conductor material on a
plate with outlet tube. An induction heating coil of this type is required,
in accordance with DE 102 04 178 Al, in order to be able to produce a
single crystal of sem conductor material wth granules as raw material. to
Figure 4 shows a known induction heating coil in an arrangenent during the
production of a single crystal. The granules nelted wth the aid of the
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with formation of a funnel™ 15 shaped fil mof sem conductor material Tnto a
melt. The melt forns a reser®bifempigenduchon matexial a pulling coil,
crystallizes on a single crystal whilst increasing the volune thereof. For
the crystal growth to proceed without any disturbances it is inportant,
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an object of the present invention to_achieve uniform 30 heating of the
filmand SERHHhERGHUIEH 7§ FEt "6 Eilnply and nore effectively.
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Pigure 4 shows a known induction heating coil in an arrangement
during the production of a single crystal. The granules melted
with the aid of the induction heating coil flow through an
opening in the center of the plate with formation of a funnel-
15 shaped film of semiconductor material into a melt. The melt
forms a reservoir which, controlled by a pulling coil,
crystallizes on a single crystal whilst increasing the volume
thereof. For the crystal growth to proceed without any
disturbances it is important, inter alia, for the film and the
20 adjoining melt to remain liquid. In order to preclude
uncontrolled freezing of the film and the melt, a radiant
heating system is present. However, such a radiant heating
gsystem is complicated and not very efficient because the
majority of the radiation impinging on the film is reflected
25 and thus remains ineffective. Furthermore, the film and the
melt cannot be heated uniformly because the respective angles

of incidence of the radiation differ significantly.

It is an object of the present invention to achieve uniform
30 heating of the film and of the adjoining melt more simply and

more effectively.

The invention relates to an induction heating coil for melting
granules composed of semiconductor material on a plate with an
35 outlet tube, comprigsing a coil body provided with current-
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The invention relates to an induction heating coil for nelting granules
conposed of sem conductor material on a plate with an 35 outlet tube,
conprising a coil body provided with current 1 guiding slots and having an
upper and a |lower side and having a passage opening for granules in a
region of the coil body that |ies outside the center, and current-carrying
segnents which project in the center of the |lower side of the coil body and
5 which are electrically conductively connected by a web at a |ower end.
The inventioa al so atea ho a _nethod for nelting %ranuL s cqnmposed of
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connect ed|py.a wehl at a lower end. According to the invention, the

I nduction heating coil for 20 nelting the granules is also used for

I nductively heating the filmand the adjoining upper region of the nelt and

for keepi : L qui d . Ihi Leyves_t ' e I i nuous and
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melt at thefilm of molten semiconductor material, which wets the outlet
tube, and a melt of semiconductor material with a free surface
which is surrounded by the film, wherein the film and the melt
are heated in the region of the free surface by means of
15 current-carrying segments which project in the center of the
underside of the induction heating coil and which are

electrically conductively connected by a web at a lower end.

According to the invention, the induction heating coil for

20 melting the granules is also used for inductively heating the
film and the adjoining upper region of the melt and for keeping
them liquid. This achieves the aim of ensuring a continuous and
controllable melt flow from the plate to the single crystal.
For this purpose, the coil body has current-carrying segments

25 which project in the center of the lower side of the coil body
and protrude into the channel delimited by the film of
semiconductor material toward the side and by the melt at the
bottom. The segments are preferably configured in such a way
that inductive heating of the film and of the melt is

30 particularly effective in the region of the free surface of the
melt that is surrounded by the film. A shape of the segments on
the basis of which the volume of the channel is almost
completely filled by the segments is particularly preferred.
Therefore, the segments are formed for example as two segments

35 which form the shape of a truncated cone and which are
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bottom The segnments are preferably configured in such a way that inductive
heating of the filmand of the nelt is 30 particularly effective in the
region of the free surface of the nelt that is surrounded by the film A
shape of the segnents on the basis of which the volunme of the channel is

al nost conpletely filled by the segnents is particularly preferred.
Therefore, the segnents are forned for exanple as two segnents 35 which form
t he shape of a truncated cone and which are 2 electrically conductively
connected to ﬁne %3gther %ﬁF at their |ower end. This and further
features G&f SEHéELRvedt CO6R ive XSFP&F@&tPH‘ L8 GREafBPtREEaPY BeleR Wit h
the aid othkiguneserFiegdre 1 shoms in a schematic |ongitudinal sectiona
illustration, a preferred embodi ment of the induction heati ng coi

according to the invention in an arrangement during operation. Figures 2

and 3 shqwlfshgnun%%h@& @%@&u&@se@fl the Bh3Bn¥iew and 10 1¢6e$actd in
sectional illustration. aure is an illustration which corresponds to
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coi | ? dy. The h.Leads _from coi], conn ections at . the.edge.of .the coi

body 8 sgﬁglggﬁheﬁg f%ratlon %1gure 1s an 1§1ustra idon”which
corresponds to figure 1 and which represents the prior art.
Features of identical type are identified by the same reference

numerals.

15 The induction heating coil is formed in such a way that the
radiofrequency current essentially flows through the coil body
1 and the segments 2 (figures 2 and 3). The segments are
electrically conductively connected to one ancother by a thin
web 3 at their lower end. The coil body has radially directed

20 current-guiding slots 4 which constrain a current flow on a
meandering path through the coil body. The path leads from coil
connections 5 at the edge of the coil body 1 to the segments 2
in the coil center, through the segments and through the coil
body again back to the coil connections. It is ensured in this

25  way that all regions of the surface of the plate are covered
equally by the electromagnetic field, which induces there the
current for melting granules and for maintaining the molten

state.

30 The coil body 1 has in an outer region at least one passage
opening 6 for feeding granules composed of semiconductor
material onto the rotating plate. The passage opening is
preferably formed by one of the current-guiding slots 4, which
ig widened in a section for this purpose.

35



in the coil center, through the segnents and through the coil body again
back to the coil connections. It is ensured in this 25 way that all regions
of the surface of the plate are covered equally by the el ectromagnetic
field, which induces there the current for nelting granules and for

mai ntaining the nolten state. 30 The coil body 1 has in an outer region at
| east one passage opening 6 for feeding granules conposed of sem conduct or
material onto the rotating plate. The passage opening is preferably forned
by one of the current-guiding slots 4, which is widened in a section for
this puriﬁnseinCBB:BidﬁhdaéatdmgiWiJheia&iﬁlgrtdBéﬁmd:se faguimserdrel Egua pped with a.
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i nt ensi ve, qsm}cbm afhidle % egrEim 2, fdh e liagrdt exhaniiehss arm |edido the
segnent s and con ected to one, anothe]S}I via a . tube bridge 8. The tube bridge
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is singly or myltiply wound, such that it has a _suffjciently high 10
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of the current flow, the field Iine nsity is particularly high in the
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10 inductance. The radiofrequency current therefore essentlally
flows via the web 3 connecting the segments 2, and not via the
tube bridge 8. By virtue of the current flow, the field line
densgity is particularly high in the region of the web and the
inductive heating of the melt that is directly opposite the web
15 during the production of a single crystal is particularly
effective. Preferably the same electrical potential,
particularly preferably ground potential, is present at the
melt and the web.

20 A preferred relative arrangement of the induction heating coil
and of the plate 9 during the production of a single crystal 10
is illustrated in figure 1. The segments 2 form a truncated
cone and reach almost as far as the melt in the region of the
web 3. The film 12 of molten semiconductor material flowing

25 from the cutlet tube 11 of the plate 9 encloges a channel, the
volume of which is almost completely filled by the current-
carrying segments 2. Preferably, the angle of inclination of
the outer surface of the segments and the angle of inclination
of the inner surface of the outlet tube are identical. The

30 continuocus flow of molten semiconductor material from the plate
to the melt can additionally be improved by the truncated cone
being positioned a little asymmetrically in the channel and one
side thus being preferentially heated. As a result, a defined
closed melt path forms at the beginning of the growth process,

35 when as yet little melt flow is required.
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particularly preferably ground potential, is present at the nelt and the
web. 20 A preferred relative arrangenent of the induction heating coil and
of the plate 9 during the production of a single crystal 10 is illustrated
in figure 1. The segnents 2 forma truncated cone and reach alnost as far
as the nmelt in the region of the web 3. The film 12 of nolten sem conduct or
material flowng 25 fromthe outlet tube 11 of the plate 9 encloses a
channel, the volume of which is alnost conpletely filled by the current-
carrying segnents 2. Preferably, the angle of inclination of the outer
surface of the segnents and the angle of inclination of the inner surface
of the outhetplabe aresigeatécably TEEmPOsEQNGF NtIOdSshhOVsOhi BBhEEBtor

sem conduct or ierlal fron1the plate to.,the nelt can additionally be
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defined closed nelt path forns at the beginning of the growth process, 35
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preferably enbodied in a manner e container which is described in DE
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i nvention |§ % %r%ﬁ?§ %%d 7 %ro%n ?%% Single crystals

The invention is preferably used for producing single crystals

composed of silicon. The semiconductor wafers cut from the

single crystals are suitable for example for producing solar
15 cells or electronic components, for example power transistors

and thyristors.

Example:

With an induction heating coil according to the invention in an
20 arrangement in accordance with figure 1, single crystals

composed of sgilicon were produced without providing a radiant

heating system for the channel and the adjoining melt. The

pulled single crystals were free of dislocations and no loss of

yield arose as a result of silicon solidifying in the film or

25 in the adjoining region of the melt.



conposed of silicon. The sem conductor wafers cut fromthe single crystals
are suitable for exanple for producing solar 15 cells or electronic
conponents, for exanple power transistors and thyristors. Exanple: Wth an
i nduction heating coil according to the invention in an 20 arrangenent in
accordance with figure 1, single crystals conposed of silicon were produced
W t hout providing a radiant heating systemfor the channel and the
adjoining nelt. The pulled single crystals were free of dislocations and no
| oss of ielq arose as a result of silicon solidifying in the filmor 25 in
the adj of ARG r E§B3MS3f the nelt. 5 Patent claims: 1. An induction heating
coil for nelting granul es conposed of sem conductor material on a plate
having an outlet tube, said 5 heatin% coil _conmprising_a coil body provided
with cur fenflgdidiR§LoMot8a5AHNEPAgTal BBpELRIngTranidfer COMpeseAdOhavi ng a

passage apgRtBadhetod aRvkesainod heghaReOhalffigcahl chedyrt habe,! kg3 gout side
the center, and current-carrying segitents which™ project in the center of

the | dwePestdadoroife coBPribday angold WRAvhpapyidedcwitbarhyressductively
connect egyhuiANE 0Bk and! AY6I 8Ny apﬁzgeahadacab@iagrgghbnana%vaﬁgcga' med

inclaim rein at [east one of e current-gu slots is wdened in
order topaggafgier prehdangassaggrepadiengin3a Thgibndoft kbr keadili bgdyoichass

claimed kn_¢l ai r.clai ei S s far S of a
truncateglg%ngbqgéd%.t$ ecgh EEf?%ﬁ&hggf%ggtcggg§§§ﬁg|%Fﬁ@%gﬁﬁ Qﬁgggf cl ai s
lto project in the center of the lower side of the coil body and

10 which are electrically conductively connected by a web at a

lower end.

2. The induction heating coil as claimed in claim 1, wherein at
least one of the current-guiding slots is widened in order to

i5 form the passage opening.

3. The induction heating coil as claimed in claim 1 or claim 2,

wherein the segments form the shape of a truncated cone.

20 4. The induction heating coil as claimed in any of claims 1 to
3, wherein the angle of inclination of the outer surface of the
current-carrying segments and the angle of inclination of the

inner surface of the outlet tube are identical.

25 5. The induction heating coil as claimed in any of claimg 1 to
4, characterized by a cooling system for cooling the coil body

and the segments.

6. The induction heating coil as claimed in claim 5, wherein
30 the cooling system comprises a wound tube bridge through which
coolant flows and which is in contact with the current-carrying

segments in the center of the upper side of the coil body.

7. A method for melting granules composed of semiconductor

35 material on a plate with an outlet tube by means of an
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3, wherein the angle of inclination of the outer surface of the
current-carrying segnents and the angle of inclination of the inner surface
of the outlet tube are identical. 25 5. The induction heating coil as
claimed in any of clainms 1 to 4, characterized by a cooling systemfor
cooling the coil body and the segnents. 6. The induction heating coil as
claimed in claim5, wherein 30 the cooling system conprises a wound tube
bridge through which coolant flows and which is in contact with the
current-carrying segments in_the center of the upper side of the coil body.
7. A net RBEUEEEORe PERSENGr SRt es COBRBSEATof OFBANE0AdGAELBr ©f38OkEEBri al on a
pl ate i LBragonubbebr! HAEbYaTRanRIBh §8cE tg@“%ht@@th%ﬁb'enga&:ﬁ' by melt
conprising formng a fi sem conductor naterial, which wets the
outlet t@ esemﬁgoadﬁﬁtpr @ﬁt§@#ﬁéoWd§btérfw&?eﬁuaﬁaﬂﬁtWhachréé surface which
s surraundednBeql Be thiMeswher 6ha bhe Ehbmeand bha FRLnahe S Beated in
the region o e surface by neans of current- carrying segnments which
proj ett heatkd dentée okgtiba oﬁd@hgldeeeosutﬁecenbucmeansheétcugreomk and
whi ch ar [l 0 i npec a 10
. The noFRGILES SEATSEES NG B oGRerD: Hg asres somsbleunisrsait con
are nelted ahealpﬂatelonnheaedngfcsuﬂland wﬁlthar&eemedtascaﬂayned in claim

goggnflglnh$UCWQ%Ei§nconne“% 4 %gdatagbngkt a& gut at the sane el ectri cal

10 8. The method as claimed in claim 7, wherein granules composed

of silicon are melted on a plate composed of silicon.

9. The method as claimed in claim 6 or claim 7, wherein the web

and the melt are put at the same electrical potential.





