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 s 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 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 prodiéetraddiayseripAnginenacssaaiife SHCHEAGN BT8RPSRTh PSingld RRtaPRithe
consumption of molten silicon from the first and tkesegpashiaisme. Firstly a thin neck, then a conically
extended section of the single crystal, and finally a cylindrical section of the single crystal are
crystallized. At the start of the method, the molten silicon required for crystallization originates from a

seed crystal and Frotf 168 ToWBr BRUESTRe Corficartibas wiich 7 Ridited for thidPdbose. In the further
course of the mettwdd Imoltepsilicoreiequired:for crystadlizatioreis alsewbiainedne meltingthe upper

side of the plate,apd the inperwall afthe tube wyith,the,aid efthe.second inductionaeating cgil. A
predominant portion of the silicon required for r)é%'[alliz qﬂ%gfheegingé%c%ysct:al 5 ol)ita!tnu deby granules

Zi
conveyed ontogfh%wﬁfé?e %le?r?g melted 5V?t fhe-aid of the second induc |on(f1neja%i%g coil'and being

conducted as &R fifin trotight tHe b o the giswing sihgeecrystd], 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 1s arranged below the plate;
producing a second velume of moliten silicon with the aid of =
gec¢ond induction heating coil, which is arranged above the
plate;

melting the lower end of the tubs to an extent such that a
passage opening for the second volume of molten silicon is
produced; and

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

the s=scond 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. At the start of the method, the
molten silicon reguired for cfystallization originates from a
seed crystal and from the lower end of the conical tube, which
is melted for 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
cell. B predominant portion of the silicon required for
crystallizing the single crystal is obktained by granules
conveyed onto the plate being melted with the aid of the second
induction heating coil and being conducted as a liquid 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 mélting 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 to said drop. Afterward, the seed crystal is recyrstallized with the aid of the first
induction heatifitecoit tofornfafthir neck amdttive Vidloaie ofimciten siticbnon(the resuftagt thin neck is

increased to adirstvelume of molten sitigen ynfurther-silicen: from the lower end-of {he dubg gradually
being melted. AQf'%%Olé%Jgf[ Ehe Fbﬁ]@gﬁhog, an éhg ttgig %Q,cl%a Od@[slg gtioggge% gggirtl:@lly extended
section of the Single c?fysfa and fina ya cfﬂlnd;?lca?‘seétlon of the single cmrysta(l‘> are crystallized. During
the crystallizatisit bt fiie Eénicafly extefided sbefiGh of tHE Shifgle Crystaf of vvenBefore heslower end
of the conical tubesisanelied tbanvéxtent suthtthat apassage-openingifos traltemgilicohds produced at

the lower end f the fube. Startjng from this point i time, Asecond valume, of malten silicon-can flow
along the inner wall of theltgbe and Lhroucgh tTIge Rpassage o eQing i,_nt%rrge?filst volume of molten
silicon. The second¥diiHiE 5t Fn%ﬁltehogilicgﬁl isrf)rd' Gekd Withthé a8 of tha second induction heating
coil. The methddérand devicesasuitable 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 projecting

segments in the center,of the lwer side.,ith the.aid of which,segments fhe filym of,molten silicon that

flows through the conical tube can be heated and kept liquid. When carrying out the method, it is
possible for diBfiBing éveritéto soctt WHith $eduéé theYield 6Tsifgie cryStals From Wiick
monocrystallinessemitonductorwasers can bedabricated. Thurs; dislobationsgansuddenly form or
molten silicon flows-away;at the side of the single erystabthathasarown upde that peinta:
the lower end of the conical tube. A seed crystal is attachead
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 lower end cof the tube gradually being
melted. Analogeusliy to the ¥FZ method, on the thin neck a
dislocation-free conically extended secticn of the single
crystal and finally a cylindrical section of the single crystal
are crystallized. During the crystallization of the conically
extended section of the single crystal or even befcre, the
lower end of the conical tube is melted to an extent such that
a passage opening for molten silicon is produced at the lowerx
end of the tube. Starting from this point in times, a secend
volume of molten silicon can flow along the inner wall of the
tube and through the passage opening into the first volume of
mclten silicon. The second volume of molten silicon is produced

with the aid of the second induction heating coll.

The method and devices suitable for carrying it out are
described in DE 102 04 178 Al for example.

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



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. The object is achieved by means of 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 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 is arranged
above the plateamélting tise |ewer epdssithedtubedanextem stehthae dlpassagecopéefiefor the
second volume of waglten-stlicen:is predyaed: thei passage epeping:being:producedsatia point in time at
which ihe secend yolyme o nglteqslign e iatel Arggeat opisesadhan doubla the velipe of the

first volume of molten silicon; and crystallj2|n(l; monocrystalline silicon on the growing single
flows through the conica

tube can be heated and Kept liguid.
When carryving out the method, 1t 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 mclten 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 arcose. If is an object
of the invention to reduce the occurrence of the disturbing

events described.

The object is achieved by means of a method for producing a
single crystal composed of siliceon using molten granules,
comprising

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 1s arranged below the plate;

producing a second velume of molten silicon with the aild of a
second induction heating coil, which is arranged above the
piate; |

melting the lower end of the tube to an extent such that a
passage opening for the second volume of molten silicon is
produced, the passage opening being produced at a point in time
at which the second wvolums of molten silicon is ncot yet present
cor iz less than double the volume of the first volume of molten
silicon; and

crystallizing monocrystalline silicon on the growing single



- 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 of the 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 inanoeé detail belove withieference tarfiglienl sFigurenl shiowsthe phasetsiiardy before
the passage opening:is-producedrdn 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 drop of molten
silicon arising. In this phase the first induction heating coil and the conical tube are preferably arranged

with respect td*8n&Hrfotfer irsuch diway it the distaifce5Eivesh ' edgeofthedntethal hole in
the first inducterrheating tofl ian dotheddrop oh moltertsilicers sas srpath aspassitilee Therdistance is

preferably shortgned, by, displacingthe first induction heating.coil from-a;¢eaxiak-arangement to the
side. The ener o%iﬁ?fity tlr%nﬁglit}:ed iSrLQqctg}/gI)i g%ft{ledd;rtofo %nd thgc!g\lglver _\‘?qu‘)fethe,-i“b&i etrlqen
higher than in the Caseé ofa 8oaxiai:5rréﬁ§ement 5 the conical tuBeand the first inddction eating coil.
At a later poinfinlthfie? irf pariculaciheh the cyiirRiicar sectiory of tHe sititfle Thystal iSBemy
crystallized, thefceaxiakarrangementsis prefereed. rkhe: eanical tube: heencleses a. eeatrahgpening in a

5 rotating platg 3 comppsed of silicory gad extends below the; plate; Theslgwer 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 thaPHE e 8d8 B th& praté §‘?§ﬁ}5?ﬁ?eltae%.arr%oéc%lir%j’déﬁ%% FealH1E8 be'Embodied
as an upper layerofthe fitstrindadtiow heatingicoic2r is not yet present or is less

than double the volume of the first wvolume of molten silicon.

If the methced is carried out with this measure, the disturbing

events described become significantly rarer.

The invention is explained in more detall below with referencs
to figure 1. Figure 1 shows the phase shortly before the
passage opening is produced in the conical tube.

o~

At the beginning c¢f the method, the lower end of the conical
tube 1 is incipiently melted with the aid of the first
inducticn heating ceoil Z, a drop of molten silicon arising. In
this phase the first inductiorn heating coil and the conical
tube are preferably arranged with respect to one another in
such a way that the distance between the edge of the internal
hele in the first inducticn heating coll and the drop of molten
gsilicon is as small as possible. The distance is preferably
shortened by displacing the first induction heating coil from a
coaxial arrangement to thse side. The energy density transmitted
incductively to the drop and the lower end of the tube is then
higher than in the case of a coaxial arrangement of the conical
tube and the first induction heating coil. At a later point in
time, in particular when the cylindrical section of the single
rystal 1s being crystallized, the ccaxial arrangement 1s

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



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 arop are directed from the crystal lattice. In the
further course of the method, the vertical distance between 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 section (likewise not illustrated) of the
single crystal is crystallized on the conically extended section. The single crystal preferably contains
at least one depantiwhichrisadded tooteerfohentsilicon cfor exapietiartie forhwof ddping gas or is
contained in the siligonprioritewvelting: d hermaltenssilieen requised for erystaltization griginates initially
from the seed crystal, ang Jtam he lowet shd,otthe, sanical e, later Ziom the upper side of the plate,
from the inner wal o?_ e tube and, in particular during the crySK'EaI ization of the pyTinSncal section of
the single crystaFfom YranGRs*6 Bofveyed ontd the Prate™3 daid yranaledrbéng mefte81y means of
a second indugtien seating coit. 7 pwhiclris ditanged abovedthreiplate 3¢andaieingisonducted as a

liquid film 8 thequghythestube ta.the growing., 6.single-grystal -Moltgngranules can-alsg 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.

A monocrystalline sead crystal is dipped f£rom 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 coll 2 te form a thin neck 5 in order that dislccations
that form when the seed crystal 1s brought into contact with
the drop are directed from the crystal lattice. In the further
course of the method, the vertical disztance between the thin
neck 5 and the end of the conical tube 1 is progressively
increased, and firstly a ceonically extended secticn (not
illustrated) of the single crystal is crystallized on the thin
neck 5 and then a cylindrical section {likewise not
illustrated) of the single crystal is crystallized on ths

conically extended section.

The single crystal preferably ccntains at least one dopant
which is added to the molten silicen, for example in the form

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

The melten silicon reguired for crystallization originates
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 during the
crystallization of the cylindrical section of the single
crystal, from granules 6 conveyed onto the plate 3, said
granules being melited by means of a second induction heating
coll 7, which is arranged above the plate 3, and being

conducted as a liguid £ilm & through the tube to the growing



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-bff 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 contain molten silicon originating from granules 6
which were conveyed onto the rotating plate 3 through one or more funnels 11 and a corresponding
number of opetitigs in &i¢ seeondlirdiicion heatng TOFT andsiere! SEHseqienthF Ateligtrwith the aid
of the second inductiorsheating £oil of: The wer-end of the cenical fithe d<dstmekied further with the aid
of the first ind%p& heating.coil 2 until that part of the lower end of the conical tube which closes off
the conical tube 1 at the Idwer end thereof has been completely melted. As a result, a passage
opening is produced in the conical tube 1, through which passage opening the second volume 10 of
molten silicon That Isas acdummdatediinntheamberfiows Virtdallyrinstatahepustyinto. e firstavolume 9 of

molten silicon ait is preferreshto,suppers the production ofthe passage opeming by temporarily lowering
theSegannS%gﬁfggmgge%ggggmgilérojecting into the conical tube 1.

Figure 1 iillustrates the sgituaticn in which the thin neck 5 of
the single crystal has already been crystallized. The first
volume 9 of melten sillicon 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 siiicon is produced in the closed-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 ceoil 7. The second
volume 10 of molten siliicon accumulates in the lower end of the
conical tube. At this point in Time 1t may also already contain
molten silicon originating from granules & which were convevyed
onto the rotating plate 3 through one cor more funnels 11 and a
corresponding number of openings in the second induction
heating coil 7 and were subseqguently melted with the aid of the

second induction heating coil 7.

The lower end of the conical tube 1 is melted further with the
aid 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 thsrecf has been completely melted. As
a result, a passage opening ls produced in the conilcal tube 1,
through which passage opening the second volume 10 c¢f molten
gsilicon that has accumulated in the tube flows virtually
instantaneously into the first wvolume 9 of molten silicon. It
is preferred to support the production of the passage opshing

by temporarily lowsring the segments 12 - which project into



the tube - of the second induc,.ion 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 mélten 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 opening is produced in the conical tube 1 at a point in time at which as yet there is no
second volumét® sErflterrsilieds i e ednical tiid.on thiséase, theiprotess 6f mBRmeSilicon with
the aid of the seconchinduction heating ceit 7is:begin enly afterthenpassage: opensgbas been

produced in thgp%%rliggl tube. In égepggggquetg[s procedure, too, associated disturbances of the
growing single crystal remain to an insignificant extent. Patent Claims 1. A method for producing a

single crystal composed of silicon using molten granules, comprising producing a first volume of
molten silicon between:aigrowing.sSingteerystalsand e {owenend dbf ahcomicahtbe-eemposed of

silicon, which fubesissclosedoffiat the lower end and engleses a;central-opening ofa kotating plate
composed of siicon, below which thetube extends, by means of afirst Indyetign heatig coll, which i
arranged below the plate,

volume of the first volume 9 of molten silicon. In this case,

the sensitive system constituted by the growlng single crystal

is disturbed only slightly, thus resulting in low probability

of dislocations being formed or molten silicon of the combined

melt volumes proceeding bevond the edge of the interface to the

growing single crystal.

In accordance with a second embodiment of the method, the
passage opening is produced in the conical tube 1 at a point in
time at which as vet there i1s no second volume 10 of mclten
silicon in the conical tube. In this case, the process of
melting silicon with the aid of the second induction heating
coil 7 is begun cnly after the passags cpening has been
produced in the conical tube. In the case ¢f this procedure,
too, associated disturbances of the growing single crystal

remain to an insignificant extent.



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 produced, the passage opening being produced at a point in
time at which the second volume of molten silicon is nbt yet present or is less than double the volume
of the first volume of molten silicon; and crystallizing monocrystalline silicon on the growing single
crystal with consumption of molten silicon from the first and the second volume. 2. The method as
claimed in claim 1, comprising supporting the production of the passage opening by lowering
segments of the second induction heating coil which project into the tube. 3. The method as claimed
in claim 1 or cRérketcSHpiEBImg 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 as claimed in

any of claims 1 10 3, comprsiag beanan,the meling,oLoranles copyryedda the plae;duing or after
crystallization of a conica Fy extended section of the single crystal.
using mciten granules, comprising
producing a first volume of molten sgilicon between a growing
single crystal and the lower end of a conical tube composed of
silicon, which tube ig closed off at the lower end and encloses
a central cpening of a rotating plate composed of silicon,
below which the tubes extends, by means of a first induction
heating coil, which 1s 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 te an extent such that a
passage opening for the second volume of molten silicon 1s
produced, 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 doubls the volume of the first wvolume of molten
silicon; and
crystallizing monocrystalline silicon on the growing single
crystal with consumption of moliten silicon from the first and

the second wvolume.

2. The method as claimed in claim 1, comprising supperting the
production of the passags opening by lowering segments of the

second inducticn heating coil which project into the tube.

3. The method as c¢laimed in claim 1 or claim Z, 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 as claimed in any of claims 1 to 3, comprising
beginning the melting of granules conveyed to the plate during
or after crystallization of a conically extended section of the

gsingle crystal.



