Device for producing a single crystal composed of silicon by remelting granules The invention relates
to a device for producing a single crystal composed of silicon by remelting granules. The device
comprises a rotating plate composed of silicon having a central opening and having a tubular
extension composed of silicon that encloses the opening and extends below the plate, furthermore a
first induction heating coil, arranged above the plate, for melting granules, and finally a second
induction heating coil, arranged below the plate, for crystalizing the molten granules. The production of
a single crystal by means of a device of this type is similar to the floating zone method (FZ method).
The particular difference is that, instead of a polycrystalline feed rod composed of silicon, substantially
polycrystalline granules composed of silicon are remelted. The granules can be obtained by
precipitation irP&Yd fitidi?e PBEGSEHT RebrPRRTTTYAER NG THRR R RIS LOASD & respectively
used for melting the granules and for crysttitdgeherawiteagranules, said coils being situated above
and respectively below a rotating plate composed of silicon. Granules fed to the plate composed of
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CO"a”angegrranged below the plate, for crystalizing the molten granules.

The production of a single crystal by means of a device of this
type ig similar to the floating zone method (FIZ method)., The
particular difference is that, instead of a polycrystalline
feed rod composed of gilicon, substantially polycrystalline
granules composed of silicon are remelted. The granules can be
cbhtained by precipitation in the fluidized bed. Dedicated
induction heating coils (“inductor colls”) are réspactively
used for melting the granules and for crystalizing the molten
gramiles, said coils being situated above and respectively
below & rotating plate composad of silicon. Granules fed to the
plate composed of silicon are inductively meited there and flow
as a film of Ziguid silicon through the central opening in the
‘plate along the tubular extension compesed of silicon to a melt
that forms on the end of the growing single crystal composed of
silicon.

At the start of the method, the tubular extension, which at
this point in time is still closed ©ff by & layer of solid
silicon at its lower edge, is incipiently melted with the aid
of the induction heating coil arranged below the plate, a small
volume of liquid silicon arising. The lower edge of the tubular
extension is brought to a shortest possible distance from the
edge of the internsl hole in the induction heating coill, in
order that a high energy density can be inductively transmitted
to the tubular extension and the forming volume of molten

silicon. For this purposs, the induction heating coil arranged



2 below the plate is displaced laterally. Afterward, a monocrystalline seed crystal is attached to the
volume of molten silicon and, in accordance with the FZ method, firstly a thin neck, then a section of
the single crystal that is extended conically as far as an end diameter, and finally a section having a
constant desired diameter are crystallized. The requisite material of molten silicon is provided by
partial melting of the tubular extension, by melting of the layer closing it off, by partial melting of the
upper side of the plate and later by melting of granules composed of silicon. A melt forms which
extends through the internal hole in the induction heating coil arranged below the plate. When the
section having the constant desired diameter is cr);stallized, or if appropriate already beforehand, the
induction heating coil and the melt are positioned relative to one another such that the melt extends

substantially:syremetrigalystheoughdbednieraal hole ia the induetionhrating coil. DE 102 04 178 Al
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melt forms which extends through the internal hole in the
inducticn heating coil arranged below the plate. When the
section having the constant desired diameter is crystallized,
or if appropriate already beforehand, the induction heating
coil and the melt are positioned relative to one another such
that the melt extends substantially symmetrically through the
internal hole in the induction heating coil.

DE 102 04 178 Al describes the method and devices suitable for
carryving out the method. Some of these &evices comprise 3
~water-cooled shielding plate compesed of metal that is arranged
between the plates composed of silicon and the second induction’
heating coil, it serves the purpose of shielding the plate
composed of silicon from the electromagnetic field of the
gecond induction heating ccil and as a heat gink for
dissipating heat from the plate composed of silicon.

During opsration, the shielding plate is subjected to savere
thermal loading, with the consequence that it tends to curve.
If in response to this the shielding plate ig made thicker in
order to aveid curving, or encugh space is left axially in
order that the shielding plate can curve without touching the
second induction heating coil or the plate composed of silicon,
there is the risk of the melt freezing solid at the end of the
tubular extension and the filwm of continucus f£lowing silicon
being interrupted.

It is an object of the present invention to eliminate this »isk



The object is achieved by means of a device for producing a single crystal composed of silicon by
remelting granules, comprising a rotating plate composed of silicon having a central opening and
having a tubular extension compoSed of silicon that encloses the opening and extends below the
plate; a first induction heating coil, arranged above the plate, for melting granules; and a second
induction heating coil, arranged below the plate, for crystalizing the molten granules, wherein the
second induction heating coil has, on its side lying opposite the plate composed of silicon, a lower
layer composed of a magnetically permeable material and an upper layer, in which there is at least
one cooling channel for conducting a coolant. Thegfotating plate has a central opening and a tubular
extension composed of silicon that encloses the opening and extends below the plate. The second
induction heating il Rassendis-sice-lving oppasite-the:plate composed of silicon, a lower layer
composed of a magnetically permeable material and an upper layer, in which there is at least one
cooling chanpel for conducting a coolant. The second induction heating coil is preferably produced
from silver c%%n?%%%%%r?‘%hgec swer %a er i@elr?%ﬁre%gf tﬁe#ﬁ%‘él“%nﬁf& %ﬁﬁ‘%h‘glé&d%d induction
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the second iAEUEHGHA Hehting ebil Hreodpéatiy elerrically islatdd from Gweranother. Slots can be
incorporated-iata that eggeiofthendpperiayerawhichilies ssaunddherintesmsa hale 43 the second
induction heating <&l i:ardesdereauntarast the situgtionavhera the second ipgduction.-heating coil
inductively couplesnto {his.tagion-atthe,yppst {2yel: Acgolank l.examals yiater flgwing through
a

the cooling curgaaln‘__n.ergL of tggnu per la er %OOQJQEJO‘{@é S|ge of tlge rp,tatmgt ate that lies gpposite the
second induction heatihg coil. A material having good thermal tondudtivity - for SXAMPIEH metal or a
ceramic, is pref&tabiF ket ifto 5855@@?55’891Eﬁﬁ%ﬁﬁiﬁ?ﬁé?%%%ﬁﬁg%pmpA 4 metallic
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suitable. The-appendayersheuld radinte as litieheat:as possikle tegherplaiedying:opposite. It is
preferred, therafore < fa.blacken the upperJayer.gg;the side lying opposite the plate, 4 further preferred

feature of the upper layer is a cutout in the region of the internal hole in the induction heating coil, for
example a V-shapeé or elliptical cutout, which is preferably arranged in opposite fashion with respect
to the power supply line of the induction heating coil. The cutout enables a short distance and thus an
effective indtéfivé ebRipliig BeftceRtfedndaetive heuhivagil sl thewindiar extension of the plate. It
thereby becemiesrsinmplertoforadhet serallivalunig:af mokér sdicoméo whueltbe=sekd crystal is
attached at thecstasobtie-predactioataethod |§ecutoubisprrsenisthe Hppesdayak gools the tubular
extension ofdhe plgte agd the: adiQiping: regiompef Ml@tgé@@ggg@gye%ﬂgcgggrgo compensate for
this disadvaniagg, theeis pigseatin the segonddaduction healing,coll gl east one gzzle through

which can be conducteq a gas for cooling the tubular ext nsﬁlgg and an adjoining region of the plate.
As far as the Tower layet is c%hc%rﬁn‘éla?‘gge?réerﬁggﬁ%ti%t |IASHE S Ex Ample S RTBISAstic containing
soft iron parti€ies® “g%f&fé‘@lftacf{é‘?%ﬁ*ﬁ‘é 'c%défﬁ%?%éqﬁﬁﬁﬁ%%aﬂ?%ﬁ%ﬁ@@n@erial. us
4,486,641 desaiisesiat sucHynatedfalstart bearsad abrswatimpodindtiod teatirigegeits in order to

control the directiondaine mtertsityref themagnetic finx -Ahedowerdayes.concentratesthe magnetic field
generated bydhe segendindugiion heajiag cqil entathe elose suroundings of thedpdugtion heating
coil, in particpigeonto. that regian,gfshe meltwhighsis.glosest 19 the internalhole in the induction
hea“ng(xMLcoil are directly electrically isolated from one another. Sliots
can be incorporated into that edge of the upper layer which
lies around the internal hole in the second induction heating
ceoil in order to counteract the situation where the second
induction heating coil inductively couples into this region of
the upper layer. A coolant, for example water, flowing through
the cooling channel of the upper layer cools the lower sgide of
the rotating plate that lies opposite the second induction
heating coil. A material having good thermal conductivity, for
example a metal or a ceramic, is preferably taken into
congideration as a material that forms the upper layer. A



The invention is described in greater detail below with reference to figures. S Figure 1 shows a
particularly preferred embodiment of the device in cross section in a phase in which a small volume of
liquid silicon is formed at the lower edge of the tubular extension of the plate. Figure 2 shows the
device in accordance with figure 1 in a phase in which that section of the single crystal which has a
constant desired diameter is crystallized. The device shown in figure 1 comprises a rotating plate 1
composed of silicon, a first induction heating coil 2 arranged above the plate 1, and a second induction
heating coil 3 arranged below the plate. The rotating plate 1 has a central opening and a tubular
extension 4 composed of silicon that encloses the4opening and extends below the plate 1. The first
induction heating coil 2 preferably has the features of the induction heating coil described in DE 10

2008 013 326:=Ak1The seooad: induation heatingeoik Bdswmbedied,as a-flag coil hayving a central
internal hole 3¢ Itdg-supplied with.electrical power from Q&y@pgévecrhsﬁu%pw Jines 6. The second
' wit

induction heating_cail 3, on the side, lying ppposite the plate 1, is coate a [ower ayer 7 composed
of a magnet%salIgeﬁnércrﬁggﬁfep%?atgﬁg%tf%g magne i%%lﬁe p’“‘é?n?’e%%%%’f&ﬁal 5ref8FAbR Comprises a
plastic whictf RBREEntrate8HE THAGTEE fitix BHY-fhichif YRERS tRG%T thedfade name Fluxtrof.
Situated on HREIGHET Py erister? Ut [A§ePSs sablifichahehe i arteasttneg contingickannel 9 for .
conducting & toblantafg¢wech piefeedblyecomprisbscsiher ciccapper: It isyalsosprefaered for the
induction heatig qeit 3dochaee ot deastopesealing channel 10 for conducting a coolant.

further preferred feature of the upper layer is a cutout in
the region of the internal hole in the induction heating coil,
for example a V-shaped or elliptical cutout, which is
preferably arranged in opposite fashion with respect to the
power supply line of the induction heating coil. The cutout
enakles a short distance and thus an effective inductive
coupling between the inductive heating coil and the tubular
extension of the plate. It thereby becomes simpler to form the
small volume of molten silicon to which the seed crystal is
attached at the start of the production method. If the cutout
is present, the upper layer cools the tubular extension of the
plate and the adjoining region of the plate less effectively.
In order to compensate for this disadvantage, there is present
‘in the second induction heating coil at lsast one nozzle
through which can be conducted a gas for cocling the tubular
extension and an adjoining region of the plate. As far asg the
lower layer is concerned, a ferromagnetic plastic, for gxample
a thermoplastic containing soft iron particles, is preferably
taken into consideration as magnetically permeable material. US
4,486,641 describes that such materials can be used as zoating
of induction heating coils in order to control the direction
and intensity of the magnetic flux. The lower layer
concentrates the magnetic field generated by the second
induction heating coil onto the close surroundings of the
induction heating coil, in particular onto that region of the
melt which is closest to the internal hole in the induction
heating coil.

The invention ig described in greater detail below with

reference to figures,



It is furthermore preferred for the upper layer 8 to have a cutout 11 at its edge in the region of the
internal hole 5 in the induction heating coil and on the opposite side with respect to the power supply
lines 6. The cutout 11 permits a short distance between the induction heating coil 3 and the tubular
extension 4 in the phase in which a small volume 12 of 6 liquid silicon is formed at the lower edge of
the tubular extension 4 of the plate 1. The cutout 11 is formed in V-shaped fashion or elliptically, for
example. Slots can be incorporated into that edge of the upper layer 8 which lies around the internal
hole 5 in the second induction heating coil 3 in or%er to counteract the situation where the sedond
induction heating coil inductively couples into this region of the upper layer.

Figure 1 showg a particularly preferred embodiment of the
device in cross sectlon in a phase in which a small volume of
liguid silicon is formed at the lower edge of the tubular
extension of the plate.

Figure 2 shows the device in accordance with figure 1 in a
phase in which that section of the single crystal which has a
constant desired diameter is crystaliized.

The device shown in figure 1 comprises a rotating plate 1
composed of silicon, a first induction heating coil 2 arranged
above the plate 1, and a sscond induction heating coil 3
arranged below the plate. The rotating plate 1 has a central
opening and a tubular extension 4 composed of silicon that
encloses the opening and extends below the plate 1. The first
induction heating coil 2 preferably has the features of the
induction heating coil described in DE 10 2008 013 326 R1l. The
second induction heating coll 3 is embodied as a flat coil
having a central internal hole 5. It is supplied with
electrical power Ifrom one side via power supply lines 6. The
second induction heating coil 3, on the gide 1yiﬁg opposite the
plate 1, is coated with a lower layer 7 composed of a
magnetically permeable mwaterial. The magnetically permeable
material preferably comprises a plastic which concentrates the
magnetic flux and which is offered under the trade name
Pluxtrol®, Bituated on the lower layser is an upper laver &, in
which there is at least one cooling channel 9 for conducting a
coolant and which preferably comprises silver or copper. It is
alse preferrved for the inductiom heating ceoil 3 te have at
least one cooling channel 10 for conducting a coolant.

It is furthermors preferred for the upper laver & to have a
cutout 11 at its edge in the region of the internal hole 5 in
the induction heating coil and on the opposite gide with
respect to the power supply lines 6. The cutout 11 permits a
short distance between the induction heating coil 3 and the
tubular extension 4 in the phase 1in which a small veolume 12 of



It is furthermore preferred for the upper layer 8 to be blackened on the side 13 lying opposite the plate
1. Figure 2 illustrates the phase in which that section of the single crystal 14 which has a constant
desired diameter is crystallized. In this phase, granules 15 are conveyed through a funnel 16 to the
plate 1 composed of silicon and are melted with the aid of the first induction heating coil 2. They flow
as a film 17 of molten silicon through the tubular extension 4 to a melt 18 that lies on the growing
single crystal 14 and is crystallized continuously. In this phase, the tubular extension 4 and the
adjoining region of the plate in the vicinity of the cutout 11 are heated to a comparatively great extent
by the second induction heating coil 3. As a result, there is the risk of the tubular extension 4
composed of silicon starting to melt excessively at its lower end and the triple point T migrating upward
until the melt I@:is3oversireichis dndthé contase withwthe loaver eddwidhedtiindar extension 4 breaks

away. In ordgede-aveid thisqt ismprefesred 0 cogl the tubular £xiension:d £ompesegsghsilicon and the
adjoining reg@&gg{p%plgtﬁ%ﬁ(@mgﬁ(?s, fer.example with argon. The gas is conducted through at

least one nozzle 19 arranged in the induction heating coil. 7 Patent Claims 1. A device for producing

a single crystal composed of silicon by remelting granules, comprising
Blots can be incorporated intc that edge of the upper layer 8

which lies around the internsl hole 5 in the second induction
heating ceil 3 in order to counteract the situation where the
second induction heating coil inductively couples into this
region of the upper layer.

It is Ifurthermore preferred for rhe upper layer 8 to be
blackened on the side 12 lying opposite the plate 1.

Figure 2 iliustrates the phase in which that section of the
single crystal 14 which has a constant desired diameter is
crystallized. In this phase, granules 15 are conveyed through a
funnel 16 to the plate 1 composed of silicon and are melted
with the aid of the first induction heating coil 2. They flow
as a f£ilm 17 of molten silicon through the tubular extension 4
to a melt i that lies on the growing single crystal 14 and is
crystalilized continuously. In this phase, the tubular extension
4 and the adjoining region of the plats in the vicinity of the
cutcut 11 are heated to a comparatively great extent by the
second induction heating ¢oll 3. Zs a result, there is the riagk
of the tubular extension 4 compesed of silicon starting to melt
excesgively at its lower end and the triple point T migrating
upward until the melt 18 is overstretched and the contact with
the lower end of the tubular extension 4 breaks away. In order
to avold this, it is preferred to zool the tubular extension 4
composed of silicon and the adjoining region of the plate 1
with a gas, for example with argon. The gas is conducted
through at least one nozzle 19 arranged in the induction
heating coil.



a rotating plate composed of silicon having a central opening and having a tubular extension
composed of silicon that encloses the opening and extends below the plate; a first induction heating
coil, arranged above the plate, for melting granules; and a second induction heating coil, arranged
below the plate, for crystalizing the molten granules, wherein the second induction heating coil has, on
its side lying opposite the plate composed of silicon, a lower layer composed of a magnetically
permeable material and an upper layer, in which there is at least one cooling channel for conducting a
coolant. 2. The device as claimed in claim 1, whetein the lower layer is composed of a ferromagnetic
plastic. 3. The device as claimed in Claim 1 or Clait 2, wherein the upper layer is composed of a
metallic material. 4. The device as claimed in any of Claims 1 to 3, wherein the second induction
heating coil aat<ive gppénsayer are composed of silver or copper.

1. A device for producing a single crystal composed of silicon
by remelting granules, comprising

a rotating plate composed of silicon having a central opening
and having a tubular extension composed of gilicen that
encloses the opening and extends below the plate;

a first induction heating coil, arranged above the plate, for
melting granules; and

a second induction heating coll, arranged below the plate, for
crystalizing the molten granules, wherein the second induction
heating coil has, on its side lying opposgite the plate composed
of silicon, a lower layer compose& of & magnetically parmeabls
material and an upper layer, in which there is at least one
cooling channel for conducting a coolant,

2. The device as claimed in claim 1, wherein the lower laver is
composed of a ferromagnetic plastic.

3, The devies ag ¢laimed in Claim 1 or Claim 2, wherein the
upper layer is composed of a metallic material.

4. The device ag claimed in any of Claims 1 to 3, wherein the
second induction heating coll and the upper laver are composed
of silver or copper.

5. The deviece as claimed in any of Claims 1 to 4, wherein the
second induction heating coll has at least one cooling channel
for conducting a coolant.

6. The device as claimed in any of claims 1 to 5, wherein the -
upper layer has a cutout at its edge in the region of an
internal hole in the second induction heating ceoil and on the
opposite side with respect to powsr supply lines of the second
induction heating coil, and the second induction heating coil
has at least one nozzle for cooling the tubular extension and
an adijoining region of the plate with a gas.



5. The device as claimed in any of Claims 1 to 4, wherein the second induction heating coil has at
least one cooling channel for conducting a coolant. 6. The device as claimed in any of claims 1 to 5,
wherein the upper layer has a cutout at its edge in the region of an internal hole in the second
induction heating coil and, on the opposite side with respect to Dower supply lines of the second
induction heating coil, and the second induction heating coil has at least one nozzle for cooling the
tubular extension and an adjoining region of the plate with a gas. B 7. The device as claimed in any of
Claims 1 to 6, wherein the upper layer is blackeneéj on the side lying opposite the plate.

7. The device as claimed in any of Claims 1 to 6, wherein the
upper layer is blackened on the side lying opposite the plate.



