Method for producing a single crystal composed of silicon using molten granules The invention relates
to a method for producing a single crystal composed of silicon using molten granules. The method
comprises producing a first volume of molten silicon between a growing single crystal and the lower
end of a conical tube composed of silicon, which tube is closed off at the lower end and encloses a
central opening of a rotating plate composed of silicon, below which the tube extends, by means of a
first induction heating coil, which is arranged below the plate; producing a second volume of molten
silicon with the aid of a second induction heating coil, which i8 arranged above the plate; melting the
lower end of thertiai fixanmexdsntingh shatiapbesagestpenPrERe #ee se€ofdVETHhe S RbIten
silicon is produced; and crystallizing monocgystalinessilieen @8 the growing single crystal with
consumption of molten silicon from the first and the second volume. Firstly a thin neck, then a conically
extended section of the single crystal, and finally a cylindrical section of the single crystal are
crystallized. Attheistertbh the RetABEStHE NI SIiEoR FéqaTEA 6rEYstalfiZatfort originates from a
seed crystal ang fram therlgwes enstrokttie: Conicat tube mwhickrisgnetted 4or. tHis punsssedn the further

course of the method, molten silicon requited for.crystallization,is-also obtained by-meltiag2he upper
side of the plate &nd the inner wall of the tube with the aid of the second induction heating coil. A

predominant BERHAR f I8 SifbotriEtifire it criStatiZing ti& Sindte Zrystaris obtained by granules
conveyed ontesthe-plate heirg Melted withithe didbof the @Gﬁf@ﬁn@lﬁéioﬁhéaﬁné%‘éﬂ%ﬁlé]eing
conducted as, g liquid.film through. the-tube to-the  growing singlecerygtaliate composed of
siliceon, below which the tube extends, by means of =a first
induction heating coil, which is arranged below the plate;
producing a second volume of molten silicon with the aid of a
second induction heating coil, which is arranged above the
plate;
melting the lower end of the tube to an extent such that a
passage opening for the second volume of molten sgilicon is
produced; and
crystallizing monocrystalline silicon on the growing single
crystal with consumption of molten gilicon from the first and

the second velume.

Firstly a thin neck, then a conically extended section of the
single crystal, and finally a cyiindrical section cf the single
crystal ares crystallized. At the start of the method, the
molten silicon required for crystallization originates from a
ssed crystal and from the lower end of the conical tube, which
is melted forx this.purpose. in the further course of the
method, molten silicon reguired for crystallization is also
obtained by melting the upper side of the plate and the inner
wall of the tube with the aid of the second induction heating
coil. A predeminant portion of the silicon reguired for
crystallizing the single crystal is cbtained by granules
conveyed onto the plate being melted with the aid of the second
induction heating coil and being conducted as a liguid film

through the tube to the growing single crystal.



The method differs from the floating zone method (FZ method) essentially by the fact that granules are
melted instead of a polycrystalline block in order to provide the predominant portion of the molten
silicon required for growing the single crystal and by virtue of the fact that a dedicated induction
heating coil ("inductor coil") is respectively used for melting the .granules and for controlling the
crystallization of the single crystal. At the beginning of the method, the conical tube, which at this point
in time is closed off at its lower end, is incipiently melted with the aid of the first induction heating coil
arranged below the plate. A drop of molten silicon arises at the lower end of the conical tube. A seed
crystal is attached:esaid diopsAfterward, the-seerbarysial is seeyratallized with the-aidaof the first

induction heaing calleyfam. thinnack andibe valume atmolien,alian,on.foedgsuliant thin neckis
increased to a first volume of olten silicon by furthér silicon from the lower end of the tube gradually -
being melted PRAERIGOUSHY 16 e B Methdd °6i e Hintietk 4 Widi6CafichtEe Eafically extended
section of thessingleocrysialard finatlya eylindrical sectiorr ef tHe singleciystak-are efystaktized. During

the crystallizatiop.of.the,cenigally extended segtion of the single crystakar even-hefere, dhe lower end
of the conical tube.is melt@& t? an gxtept suchg@a?ggs;ggeeogerm% foglrsngo ten silir%%n g%produced at
the lower end Gt fibe” Startirtg fromt this poit i tife & Secont volime of nolten Silicon can flow
along the innéf®alioithéaaberghd tHrotigh the Passage spenitig thto- thefirst yoRime st molten
silicon. The seeandyolitperafimolten silicon is produced with the aid of the second induction heating
coil. The method and devices suitable for carrying it out are described in DE 102 04 178 Al for

example. 3 can be used as the second induction heating coil of the method. It has projectin

segments in the ¢etfteP B #iEd\Wer Side wiltrtHe aid of Whichrsegment®tie fifivt oF rﬁdte“r%%icon that

flows throughrthérgonical:tibe dan bedveated@ind:keptliuidwer snd, is incipiently
melted with the aid of the first induction heating coil
arrangad below the plate. A drop of molten silicon arises at
the lower end of the conical tube. A seed crystal is atiached
to said drop. Afterward, the seed crystal i1s recyrstallized
with the aid of the first induction heating coil to form a thin
neck and the volume of molten silicon on the resultant thin
neck is increased to a first volume of molten silicon by
further silicon from the lowexr end of the tube gradually being
melted. Analogously to the FZ method, on the thin neck a
dislocation-fres conically extended section of the single
crystal and finally a cylindrical section of the single crystal
are crystéllized. During the crystallization of the conically
extended section of the single crystal or even before, the
lower end of the conical tube 1s melted to an extent such that
a passage opening for molten silicon is produced at the lower
end of the tube. Starting from this point in tTime, a sscond
volume of molten silicon can flow along. the inner wall of the
tube and through the passage opening into the firgt volume of
molter silicon. The sscond volume of molten silicon i1s produced

with the aid of the second inducticon heating coil.

The method and devices suitable for carrying it out are

described in DE 102 04 178 Al for example.

'~

DE 10 2008 013 326 21 describes an induction heating coil which



When carrying out the method, it is possible for disturbing events to occur which reduce the yield of
single crystals from which monocrystalline semiconductor wafers can be fabricated. Thus, dislocations
can suddenly form or molten silicon flows away at the side of the single crystal that has grown up to
that point. The inventors have investigated the cause of such disturbances, and in the process the
present invention arose. It is an object of the invention to reduce the occurrence of the disturbing
events described. According to an aspect of the invention, there is provided a method for producing a
single crystal composed of silicon using molten granules, comprising producing a first volume of
molten silicon between a growing single crystal ané@ the lower end of a conical tube composed of
silicon, which tube is closed off at the lower end and encloses a central opening of a rotating plate
composed of silicon, below which the tube extends, the first volume of molten silicon produced by

means of a fifdt iRGudtfsHhE&tind Coif SHRA is BARGETHERSE tHE Plaie proditiciiefa second volume
of molten sitieamadth the didof asependiinductigmikeating. coit,lvhickis arrangedlabove the plate; 3a

melting the lower,end atthe ube toan gxtent such that a:p opgring far theesecond volume of

molten silicon is produced, the passage opening being produced at a point in time at which the second
volume of MSIEr &N iS50t yetbredert™sr is ntABUTETHE FOIUTMP B FRFfiRRBvolume of
molten silichwsdrefcrystallizpg mMdaodgstalline silicon on the growing single

When carrying out the method, it is possible for disturbing
events to occur which reduce the yield of single crystals
from which monocrystalline semiconductor wafers can be
fabricated. Thus, dislocations can suddenly form or molten
silicon flows away at the side of the single crystal that

has grown up to that point.

The lnventors have investigated the cause of such
disturbancesg, and in the process the present invention
arcse. It is an object of the invention to reduce the

occurrence of the digturbing eventg described.

According to an aspect of the invention, there is provided
a method for producing a single crystal composed of silicon
using molten granules, comprising producing a first volume
of molten silicon between a growing single c¢rystal and the
lower end of a conical tube composed of silicon, which tube
is closed off at the lower end and encloses a central
opening of a rotating plate composed of silicon, below
which the tube extends, the first volume of mclten silicon
produced by means of a first inducticn heating coil, which
is arranged below the plate; producing a second volume of
molten silicon with the aid of a second induction heating

coil, which is arranged sbove the plate;



crystal with consumption of molten silicon from the first and the second volume. An excessively high
loading of the growing single crystal on account of the production of the passage opening in the
conical tube was identified as a cause of the disturbing events. The growing single crystal is loaded if
the second volume of molten silicon flows virtually instantaneously into the'first volume of molten
silicon with the production of the passage opening. According to the invention, this loading is limited by
the passage opening being produced at a point in time at which the second volume of molten silicon is
not yet present or is less than double the volume oB]‘éhe first volume of molten silicon. If the method is
carried out with this measure, the disturbing events described become significantly rarer. The invention
is explained in more detail below with reference to figure 1. Figure 1 shows the phase shortly before
the passage, 0pening is produced inthe canical lube, At the heginning, of the methed, the lower end of
the conical tube 1 is'incipiently melted with the aid of the first induction heating coi %, a drop of molten
silicon arisi®¢ARalR preaseiheg frstingbeties peatdnyesiandihertohicil tgid hrepreferably arranged
with respechto-ane.aa0therdn sugh aywaythatithe distenge between the edge,of the intgrnal hole in
the first induction heating coil and the drop_of molten silicon is as small as possible. The distance is
preferably shbRgnal BPdisplachfy fFRmetingottse nehtifg tof o wéakidisarisigement to the
side. The eRergydensitydransmiteddrduciively todheidroprand e dowes engdiaf the fgbe is then
higher than in the case of a coaxial arrangement of the conical tube and the first induction heating coil.
At later pOIRCI & i PAEdIar WHAF G GRRAEASEhon o1 the ST SRSAI Heng
crystallized sthéicoaxialartdrgementiisprefengte The conical tube 1 encloses a. central opening in a
5



rotating plate 3 composed of silicon and extends below the plate. The lower side of the plate is cooled
with the aid of a cooling device 4 arranged between the plate and the first induction heating coil 2, in
order that the lower side of the plate 3 is not melted. ¥he cooling device 4 can also be embodied as an
upper layer of the first induction heating coil 2. A monocrystalline seed crystal is dipped from below
into the drop of molten silicon produced as a result of the incipient melting of the lower end of the tube.
The seed crystal is thereupon recrystallized with the aid of the first induction heating coil 2 to form a
thin neck 5 in order that dislocations that form when the seed crystal is brought into contact with the
drop are diregtedfram theerystal dattice: bn the furtiercourse vidhe methadh ¢he vestical-distance
between the tckﬁ'qré negléo5ngnd Oﬂfﬁ een_d of the conical tube 1 is progressively increased, and firstly a
conically extended section (not,lﬁustrated) of the single crystal is crystallized on thein neck 5 and then
a cylindrical section (likewise not illustrated) of the single crystal is crystallized on the conically
extended sectinne ¥ hessinglel eryistalpreferably corftaits atleast vnesdogant whicktis:added to the

Molten silicon, fr.gxample in the, form of doping gas oris sontaingddn the silicoppriento melting. The
molten silicon required for cr §tagi,za§ion originates initjal fgo?. th@ws%e% cr%s‘;gl and fﬁ%@ the lower
end of the conitaf tdiR 1A othtRe iSpér Side ot the plate, from the miter wall of the tube and, in
particular durimepthienerystallization vé e cyiindieal s@ctibn 'Bfthe £igle crostalsfréi §raries 6
conveyed ontgitheplate Bosaidk-granides being melteghby means of a secontlinductionhieating coil 7,

‘which is arranged aboye the plate, 3, and being gondycted as gdiauid fin & thyoughdhe fube to the
. 6 e T 1 X
growing According to the invention, this loading is limited by the

passage opening being produced at a point in time at which the
second volume of molten silicon is not yet present or is less
than double the volume of the first volumes of moliten silicoen.
If the method is carried out with this measure, the disturbing

events described become significantly rarer.

The invention is explained in more detall below with reference
to figure 1. Figure 1 shows the phase shortly befors the

passage opening is produced in the conical tube.

At the beginning of the method, the lower end of the conical
tube 1 is incipiently melted with the aid of the first
induction heating coil 2, a drep of melten silicon arising. In
this phase the first induction heating coil and the conlcal
tube are preferably arranged with respect to one another in
such a way that the distance between the edge of the internal
hole in the first induction heating coil and the drop of molten
gilicon is as small as possible. The distance is preferably
shortenasd by displacing the first induction heating coil from a
coaxial arrangement to the side. The energy density transmitted
inductively to the drop and the lower end of the tube is then
higher than in the case of a ccaxial arrangement of the conical
tube and the first indugtion heating coll. At =z later point in
time, in particular when the cylindrical section of the single
crystal is being crystallized, the coaxlal arrangement is

-

preferred. The conical tube 1 encloses a central opening in a



single crystal. Molten granules can also already be used for the crystallization of the conically
extended section of the single crystal. The second induction heating coil is preferably embodied like an
induction heating coil described in DE 10 2008 013 326 Al having segments 12 projecting into the
conical tube 1. Figure 1 illustrates the situation in which the thin neck 5 of the single crystal has
already been crystallized. The first volume 9 of molten silicon is situated between the lower end of the
conical tube 1 closed off there and the think neck 5. In accordance with a first embodiment of the
method, a second volume 10 of molten silicon is produced in the closed-off conical tube 1 by means of

the upper side.gftheotating plate 3.apd 4he inreswall of-theconicaldube Lbbeing melted with the aid
of the second induction, fleging. coll 7, The.seqand. yglume 10,0t moltep.silicqn gogupnulates in the
lower end of fHe conical tube. At this point in fime it may also already contain molten silicon originating
from granuleS&which WeFe E6nteféd ¥nEG the Fotstitry plafe BARFSUGR-ONE™S moté funnels 11 and a
corresponding-iitimber of bpenings itcthe secand ndistionrheatinig: coibweand werecsubseguently

melted with the aid of the sgcond induction-heating £ail.7.-Ehe lower end of the ggnical tube 1 is
melted further with the aid of the first induction heating coil 2 untjl that part of the lower end of the
conical tube WRH ¢DSed Diffhe Ebhital e 1 4t tﬁ@%oWéf’ %hdltﬂg‘fé’cgflﬁéls Beeh'¢smpletaly melted.
As a result, agpassage opening is produced in the conical tube 1, through which passage opening the
second volume 10 of molten silicon that has accumulated in the tube flows virtually instantaneously

into the first volume. . of malten silcgn, It s prferied [0 suppart the fogustin gfdhe pagsage opening

by temporarily Iowerlngytﬁe segments 12 - Which project into
drop of molten silicon produced as a result of the ilncipient
melting of the lower end of the tube. The seed crystal is
thereupon recrystallized with the aid of the first indguction
heating coil 2 to form a thin neck 5 in order that dislocations
that form when the seed crystal is brought inte contact with
the drop are directed from the crystal lattice. In the further
course of the method, the vertical distance betwsen the thin
neck 5 and the end of the conical tube 1 is progressively
increased, and firstly a conically extended section (not
illustrated) of the Single crystal is crystallized on the thin
neck 5 and then a cylindrical ssction {likewise not
illustrated) of the =zingle crystal is crystallized on the

conically extended secticon.

The single crystal preferably centains at least one dopant
which is added o the molten silicon, for example in the form

of doping gas or is contained in the sgilicon prior to melting.

The molten silicen reguired for crystallization criginates
initially from the seed crystal and from the lower end of the
conical tube, later from the upper side of the plate, from the
inner wall of the tube and, in particular durlng the
crystallization of the cylindrical section of the single

-~

crystal, from granules 6 conveyed onto the plate 3, said
granules being melted by means of a second induction heating
coil 7, which is arranged above the plate 3, and being

conducted as a liguid film 8 through the tube to the growing



7 the tube - of the second induction heating coil 7 to a shorter distance from the inner wall of the tube
until the passage opening has been produced. In accordance with the first embodiment of the method
the passage opening is produced at a point in time at which the second volume 10 of molten silicon is
less than double the volume of the first volume 9 of molten silicon. In this case, the sensitive system
constituted by the growing single crystal is disturbed only slightly, thus resulting in low probability of
dislocations being formed or molten silicon of the combined melt volumes proceeding beyond the edge
of the interface to the growing single crystal. In accordance with a second embodiment of the method,
the passage gpghing is-praducedimtherceonicalitube Lat asnaint il tieesgt whicksas yétthere is no

second volume 10 of molten, Silicon in the gonical tube, In this case. the,pracess of-melting silicon with
the aid of the s6cond’ Fn‘dal}igjb% téLél)trllngO c0|%7"is begun onnK/ after the passage opening has been

produced in théreorficartie® in the case of this procedure, too, associated disturbances of the
growing single crystal remain to an insignificant extent. 8

The second induction heating coil is preferably embodied like
an induction heating coil described in DE 10 2008 013 326 Al

having segments 12 projecting into the conical tube 1.

Figure 1 illustrates the situation in which the thin neck > of
the single c¢rystal has already besen crystallized. The first
volume % of moltan silicon is situated betwesn the lower end of

+he conical tube 1 closed off there and the think neck 5.

In accordance with a first embodiment of the method, a second
volume 10 of molten silicon is produced in the clesed-off
conical tube 1 by means of the upper side of the rotating

plate 3 and the inner wall of the conical tube 1 being melted
with the aid of the second induction heating coil 7. The second
volume 10 of molten silicon accumulates in the lower end of the
conical tube. At this point in time it may also already qontain
molten silicon originating from granules é which were conveyed
onto the rotating plate 3 through one or more funnels 11 and a
corresponding number of openings in the second induction
heating coil 7 and were subseguently melted with the aid of the

second induction heating coil 7.

The lower end of the conical tube 1 is melted further with the
2id of the first induction heating coil 2 until that part of
the lower end of the conical tube which closes off the conical
tube 1 at the lower end thereof has been completely melted. As
a result, a passage opening is produced in the cenical tube I,
through which passage opening the second volume 10 of molten
silicon that has accumulated in the tube flows virtually
instantaneously into the first volume 9 of molten gilicon. It
is preferred to support the production of the passage opening

by temporarily lowering the segments 12 - which project into



What is claimed is: 1. A method for producing a single crystal composed of silicon from molten
granules, comprising producing a first volume of molten silicon between a growing single crystal and
the lower end of a conical tube of silicon, the tube clased off at a lower end thereof and enclosing a
central opening of a rotating plate composed of silicon, below which the tube extends, the first volume
of molten silicon produced by means of a first induction heating coil which is arranged below the plate;
producing a second volume of molten silicon with the aid of a second induction heating coil which is
arranged above the plate; melting the lower end of the tube to an extent such that a passage opening
for the second volume of molten silicon is formed, the passage opening being produced at a point in
time at whichth Send vBiunté Bf ATSIEIT sitoRs Hot yREPrestht OHis Iéss thén GBGbithe volume
of the first volirse of molfensilicon; andesrystallizing morocrystallimg Siliconeory #3e grewing single
crystal with cepsumption-ef moltensilican-frem the first and the second volumes. 2. The method of
claim 1, comprising forming of the passage opening by lowering segments of the second induction
heating coil which project into the tube. 3. The method of claim 1, comprising producing a part of the
second volumé of AoIféF &ifit ol By mieking Sﬂl%oneﬁ‘%daﬁ‘%pe%ld@& f?‘ret%%‘fe 2 from an inner
wall of the tube.s4.2Eke spethodsoficlain & comiprsing producingra partokthevsgednd elume of molten

silicon by melfing silicon frgm anyuppersige-of the plate,and fiam.an inner ywall, of the, wbe.
volume of the first volume 2 of molten silicon. In this case,
the sensitive system constituted by the growing single crystal
ig disturbed only slightly, thus resulting in low probability
of dislocations being formed or molten silicon of the combined
melt volumes proceeding beyond the =dge of the interface to the

growing single crystal.

Irn acceordance with a second embodiment of the method, the

passags opening is produced in the conical tube 1 at a point in

ime at which as yet there is no second volume 10 of molten

1

~+

ilicon in the conical tube. In this case, the process of

[

‘melting silicon with the aid of the second induction heating
coil 7 is begun only after the passage opening has been
produced in the conical tube. In the case of this procedure,
toe, associated disturbances of the growing single crystal

remain to an insignificant extent.



5. The method of claim 1, comprising beginning the melting of granules conveyed to the plate during or
after crystallization of a conically extended section of the single crystal. 6. The method of claim 2,
comprising beginning the melting of granules conveyed to the plate during or after crystallization of a
conically extended section of the single crystal. 7. T§1e method of claim 3, comprising beginning the
melting of granules conveyed to the plate during or after crystallization of a conically extended section
of the singlgx€lystatsy i¥:he method of claim 4, comprising beginning the melting of granules conveyed
to the plate during or after crystallization of a conically extended section of the single crystal.

1. A method for producing a single crystal composed of silicon from malten granules, comprising

producing a first volume of molten silicon between a growing single crystal and the lower end of a

conical tube of silicon, the tube closed off at a lower end thereof and enclesing a central opening of a

rotating plate composed of silicon, below which the fube exiends, the first volume of molten silicon

produced by means of a first induction heating coil which is arranged below the plate;

producing a second volume of molten silicon with the aid of a second induction heating coil which is

arranged above the plate;

melting the lower end of the tube to an extent such that a passage opening for the second volume of

molien silicon is formed, the passage opening being produced at a point in time at which the second

volume of molten silicon is not yet present ot is less than double the voiume of the first volume of

motten silicon; and

crystallizing monocrystalline silicon on the growing single crystal with consumption of molten silicon

from the first and the second volumes.

2. The method of claim 1, comprising forming of the passage opening by lowering segments of the
second induction heating coil which project into the tube,

3. The method of claim 1, comprising producing a part of the second volume of molten silicon by

melting silicon from an upper side of the plate and from an inner wall of the tube.

4. The method of claim 2, comprising producing a part of the second volume of molten silicon by

metting silicon from an upper side of the plate and from an inner wall of the tube.

5. The method of claim 1, comprising beginning the melting of granules conveyed to the plate during
or after crystallization of a conically extended section of the single crystal.

8. The method of claim 2, comprising heginning the melting of granules conveyed to the plaie during
or affer crystallization of a conically extended section of the singls crystal.

7. The method of claim 3, comprising beginning the melting of granules conveyed fo the piate during
or after crystaliization of a conically extended section of the single crysial.

8. The method of claim 4, comprising beginning the melting of granules conveyed fo the piate during
or after crystallization of a conically extended section of the single crystal.



