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 opening and having a tubular extension encloses the opening
and extends below first induction heating coil, arranged melting granules, and finally a second silicon
having a central composed of silicon that the plate, furthermore a above the plate, for induction heating
coil, arranged below the plate, for crystalizing the molten granules.

Device for producing a single crystal composed of silicen by

remelting granules

The invention relates to a device for producing a singls
crystal composed of silicon by'ramelting granules. The device
comprises a rotating plate composed of silicon having & central
opéning and having a tubunlar extension composed of silicon that
encloses the opening and extends below the plate, furthermore =
first induction heating ceil, arrangsd above the plate, for
melting granules, and finally a second induction heating coil,
arranged below the plate, for crystalizing the molten gramules.

The production of a single crystal by means of a device of this
‘type is similar to the floating zone method (FZ method). The
varcicular difference ig that, instead of a polycrystalline
fead rod composed of silicon, substantially polycrystalline
granules composed of silicon are remelted. The granules can be
ocbtained by precipitation in the fluidized bed. Dedicated
induction heating coils {(“inductor colls”) are réspaativ&l
uged for melting the granules and for crystalizing the molten
grannleg,‘éaid coils being situated above and respectively
below a rotating plate composed of silicon. Granules fed to the
plate composed of silicon sre inductively melted there and flow
as a film of liguid silicon through the central opening in the
pléte slong the tubular extension composed of gilicon to a melt
that forms on the end of the growing single crystal composed of
silicon. :

At the stert of the method, the tubular extension, which at
this point in time is still closed off by a layer of sclid
gilicon at its lower edge, is incipiently melted with the aid
of the induction heating coll arrangsd below the plate, a small
volume of liguid silicon arising. The lowsr edge of the tubular
extension ig brought to a& shortest possible distance Zrom the
edge of the internal hole in the induction heating coil, in
order that a high energy density can be inductively transmitted
to the tubular extension and the forming volume of molten
silicom. For this purpose, the induction heating coll arrangsd



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 in the fluidized bed. Dedicated induction heating coils ("inductor coils") are
respectively used for melting the granules and for crystalizing the molten granules, said coils being
situated above and respectively below a rotating plate composed of silicon. Granules fed to the plate
composed of silicon are inductively melted theré and flow as a film of liquid silicon through the central
opening in the plate along the tubular extension composed of silicon to a melt that forms on the end of

the growing sipgledystakcomposed of silicom Atthe: start gfthe fethod, the tubular extension, which
at this point in time is still closed _off layer of solid silicon at its lower edge, is incipiently melted
with the aid %?%hrg?r?a‘l%ﬁé‘% ﬁeegtﬁfr)lg %?%arraer%sea%ba‘é{}vetﬁe”ﬁlatﬁg,eagron% Volime of liquid silicon

+

arising. TRBAGRRr Tdge Tt tFRTUbLTaPEXERTATON Ts Bratlghtf A%t S hosSiBRFGistance from the
edge of tHérteRfaihoffitife ARFEETSh FealiRg GSiRdaDrasY MataHigh erfergy density can be
inductivelg:traursinited1d theltnbrdarextersien aaditve foratiey, veluig ohaldlfen silicon. For this
purpose, the-indhiction-heating-call airanged i2-belansthejlate is displacedlaterally. Afterward, a
monocrystalline sead crystal is attached tg.the.volumeafmelten.silican and, ig.agcardance with the
17.2 mettiod, firsfly & ti.neck, hen a,3edliongf s sigle cystal thal s,extended conically as far as
an end diameter,an flneg'_lly a sectlon,"ﬁwvmg a constant desiréd diameter ate crystallized. The
requisite MREAAPof MAlten ScERTS provilad By Baftal THEIHRP BF tie T Mar B&ension, by melting of
the layer El63kfy FowtH 15y Parkil RidiiRgDIReTEPEr sRiccoreRe prate farfd lateerby #nelting of granules
composeei silisomsA vheélifosmis=whiic-axtergls tireughtirenmiteingdlehale inithe induction heating coil
arranged betawithe:platec\ikerdhe seetondavingithe epRsta desitgcdiatpeter is crystallized, or if

appropriate.already:heforehand, dhe daduetion healing eaihand the, melt, are positioned relative to one
another sug_h Jt_lga%g%:e mel'f,g,xa'geg S suct[) t%gt%%l%ﬁg e;_rglcall. ﬁ'%oy Q thg igtt:%rnal hole in the
induction heating coﬁggﬂig 04 178°Al describes thé method and devices suitable for carrying out
the methdtf ‘SofFof ife & teVidds RBRpHSE S waREdoIR d-shidtfing 1 ERE Eoffiisdsed of metal that is
arranged befweERGhESpIateFEHpD SEdSTSIRcS il HTSeEsAashdCEBATEETING oIl It serves the
Purpose dfrstdetdingithzeplate tomposed visiicer frowg theidlectromagnetic field of the second.
induction heating coil and as a heat sink for dissipating heat from the plate composed of silicon. During
operationsthe, shieldingglate igsubjecled ta,severethernal loagding withthe.sanseguence that it
tends o cupve. lin reshonse (g the shildino platgds mgde bidgr b arger fo avoid curving, or
enough space Is e%t axially in order that the shleldlnglﬁate can curve without touching the second
induction KBAHRGEIT 6F the afeR8nipdtet SFERREN: tRard e F8k of tRe et WE8zing solid at the
end of the ®iBtfE e MEn HdHTEnFIRBIRF oCCofindGaE FRANERSiEGR HeindTRteTFipted.

hesating coil, It serves the purpose of phislding the plate
compoged of gilicon from the electromagnstic fizld of the
second induction heating coil and as a heat sink fox
dissipating heat from the plate compoged of silicon.

During opsration, the shielding plate is subjected to severe
chermal loading, with the conseguence that 1t tends to curve.
If in response to'this the shielding plate is made thicker in
order to avold curving, or encugh space is left axially in
order that the shielding plate capn curve without touching the
second induction hesting coil cor the plate composed of gilicon,
there 1z the rmigk of the melt fraaziﬁg sclid at the end of the
tubular extension and the film of continuous flowing silicon
being interrupted.

-

It is an object of the present invention . to eliminate this risk



without disadvantageous consequences. 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 offa magnetically permeable material and an upper layer,
in which there is at least one cooling channel for conducting a coolant. The rotating plate has a central
opening qhuld:ggudgu@-{S%ggﬂgggc&@pggggeoéﬂg%ghat encloses the opening and extends below the
plate. The second induction hedting 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 TOBlIAGIEfENAE RFEGHTEGCy B5E0aft PheTetendiivruetioRséatng coil is Preferably
produced fforasiiver prtdnteopperdThé leWerdayekis inediséctithermadmontact with the second
induction beatingscaily and-the tipperiyes istndirest thermat centaciavith.the lower layer. The upper
layer and dae.secondinduction healipgeoik are direstlyslecically isglated from-one another. Slots can

be Incorbaiafed dnia il edge fihe.ugneplavatvieh s alaund the nigrnal hole n the second
induction he?tiﬂrl?*‘cojlﬂig order t cognterac"t Ige S|tu§tion where the ‘seconﬁd In ~ciﬁo[f heating coil
inductivel§f cotipfes iiito this PEgiti of e Tpper 187EF A TAOTRAY $oF BRaRESvatet: flowing through
the coolingcHariife|BrRHe Gppettdyér 866 the lwettditle drthelrstating plate B5aCkes opposite the
second indaetivn Heatiig toil. Zomateyiathlvirigigobtktheritacandustivity, feexample a metal or a
ceramic, isypreferably takendntmsonsiderationsas armaterdal tha ferms thesugper layer. A 4 metallic
material thathas good thesmaakcenguctivity and-daes not adversely affecttheglectrical Properties of
the silicor_gs semic leu%%wﬁ terial ;iggrf&%@gggﬁreégged. S&Iggﬁ erdacogpeg are particularly
suitable. The upper layer s ouI%ra late as little heat a_s_posa‘s?bl_gto"fhe*p e lying opposite. It is
preferred,""tf%%éﬁ)foﬁ’g,ef%4 bt&cken 1haTppaiiayer o the NG opposite i piatend =

coolant.

The rotating plate has & central opsning and & tubulawr
extension composed of gilicon Chat encloses the opening and
axtends below the plate. The second induction heating coil has,
on its gide lyving copposite the plate compesed of zilicon, &
lower layver compoesed of B megnsticzally permsable materizl and
an upper layer, in which there iz at least ore cooling chanmel
for conducting a ccolant. The second induction heating coil is
preﬁerably produced from silver or from copper. The lower layer
is in direct thermal contact with the second induction heating
coil, and ths uppef layer iz in dirsct thermal contac: with the
lowar layer. The upper layer and the second induction heating
coil are directly electrically isclated from one anothsr. Slots
can be incorporated into that edgs of the upper laver which
lies around the internal hole in the second induction heating
coil in order to counteract the situation where the second
induction heating coil inductively couples intoc this region of
the upper layer. A coolant, Ifor exampie water, flowing through
the cooling channsl of the upper layver cools the lowsr side of
the rotating plate that lies opposite the second induction
heating ccil. A material having good thermal conductivity, for
example a wmetal or a ceramic, ly preferably taken into
consideration a&s a material that forms the upper layer. A



A 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 enables
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 fﬁate and the adjoining region of the plate less
effectively. In order to compensate for this disadvantage, there is present in the second induction
heating ceil-atileast pne-reazle-threughswhichs candesondustad-e:gas foregoling dhe tubular
extension,apd.ag.adiaining segion of the-plate 145 faras the lower lavetis concermed, a ferromagnetic

plastic, for example a thermoplastic cantaining saft iron particles, is preferahly taken into consideration
e NS AR e US 1 AP0 T MR BeS Lt S B metota & be used as

coating of FRRGCGH ey COe T briet W8 eontrol the tRRioF4RYT iRTERSIEy of the magnetic flux. The
lower laysrébneentaites the mbegpeticslisibgénérmted By thesatendidactipadséatng coil onto the
close surmukdings=gkthe=hdudioreheating-coib liagdanticulay amtesthataegiomofthe melt which is

closest ta:;tha internal belensthe induelior deating coil. The invention is described in greater detail
below with reference to figures. Figure 1 shows a particularly preferred embodiment of the device in

cross section in a phase in whigh a small volume of liquid sjlicon is, formed at the lower edge of the
tubular e%eér:%%%fgf tﬁ}éeﬁmgfé{fel%g%%g%lsﬁ_o%s f"h‘T(r?‘éE d‘el?%c“e%izi g?:’cféjrqlasncae Wft%oﬁlau%él 1in a phase in
which thatecifh 8Pt shitfte CryStRRNhRH fias Cofstarfitiesifd dametsr ~Ecrystallized. The
device shwnsmdiRire Econiheses sorotalihgsiate eompesdd ofisiifdort s first induction heating coil 2
arrangedmatcve-the platerknged dsecopckiiidelcliontieating coil=2 apranged: betew the plate. The

. rotating pﬁ;@e% hasa sentralopeninganda tehar exdensign4 compasedqpf silicon that encloses the

opening and exiends helow tae-plate 1. .The dirstindUclion heating;call, 2 Argferably has the features of
the induction eatin%cgil desc%%eq ir;gl D% 202008.013 326 Al. T egecon&in,duction heating colil 3 is

embodied EERIE co'ﬁ“hwf\ﬁﬁg 4 ceritra c.m%é‘?%ﬁ'ﬁ%?&%?|ﬁ§:‘“s1npap"ned" With-sreetfical power from one
side via pHRERSIBRIVINESS. BHE&ecOhd HRRBBNIEANTRF O™ 161 158 sfd&1yirtfopposite the plate
1, is coatstadith erfower e eomPdseadt & magHcicaliyepenadabley aaterisd. The magnetically
permeablecmatiaeal preferablyreomprisesha pasticwhich concentrates thiesmagnetic flux and which is
offered undepthadade name:Fhadrob.Situatest andhe lewsslayerisandippeiayesd, in which there is
at least Oaﬁa%o'ma‘:@ﬂg“Sh%%f%“%m%@%ﬂ@? andwhich.preferably;camprises silver or
copper. .It_Js alsa gegerrgg fog}g%éré %ggoghri%at%{gscgggn@ahgve&‘!ggsggner%%%mg chanqel 10 fo.r
-~ conductinga coo ant gt is urthermoré preferred for the Upper ldyer 8 to have a cutout 11 at its edge in
the regior-of 78 iffETRAFNORFBIR R MRRICHSh R8Atng Tot®asd SiFthéohPtite side with respect to
the poweFBEPRE|IMES B THRE: cCREOGEEEEHitS afsStort Astarpfebipetwéen tHEUYAdTCtion heating coil 3
and the tebulemextensiodh 4:n dhgplreise irsglioh @Sntdlkvolime 12:6f far as the

lower laver is concerned, a ferromagnetic plastic, for sxample

a thermoplastic containing soft iron particles, is preferably

taken into consideration as magnetically permeable material. Ug

4,486,641 dezcribeg that such materials can be used as coating

of imnduction hesating roils in order to control thse direction

and inteansity of the magnetic Ilux., The lowsy layer

concsntrates the magnetic field generated by the sscond

induction heating coil onto the closs surroundings of ths

induction heating coil, in particular onto that region of the

malt which 1s closest to the intsrnal hole in the induction

neating coil.

The invention is described in greater detzil bhelow with
refersnce to filigures.



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 order to
counteract the situation where the sedond induction heating coil inductively couples into this region of
the upper layer. 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 sinule crystal 14 which
has a constant desired diameter is crystallized.5 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 16 that lies on

the grow%g@&glg chg@ 14 QQQQE&QQWWSQ&&@&QUé%éﬁﬁg&?“@?%ﬁ@e tubular extension 4

and the a oining.region of the plate- in the vicinity of the cutout 11 are heated to a comparatively great
extent bydéw"'el"ggcﬁﬂd%ﬁﬁ%tﬁﬁ%égﬁlng Tl §.h %% résuit tharé i$ ﬂ?&iisﬁ%ﬁﬁ% fibular extension 4

composett-8Réticod&ifing fo iREhEkessSibeIy -4 S IGT8reRE &%E tRetHpRs point T migrating upward
until the meslersisovelstretchigd smd the contact with the lower end of the tubular extension 4 breaks
“away. In order to avoid this, it is preferred to cool the tubular extension 4 composed of silicon and the

adjoiningzegien of thesplate dwiba gas.fos exarmplequith, argop; fhe.gas:g conducted through at
least one,nozzle 1.9.arranged 1o e ndyction REANG £Olly Lrystal which hae =

constant desired diameter is ¢rystallized.

The devigce shown in figure 1 comprises a rotating plata'1
composed of silicon, a first induction heating coil 2 arranged
above the plate 1, and a sscond induction heating coil 3
arranged bslow the plate. The rotating plate 1 has z central
opening and a tubular extension 4 composed of silicon that
enclicses the opening and extends below the plats 1. The first
industion heating coil 2 prefevably has the fsaturss of the
induction heating coil described in DE 10 2008 013 326 Al. The
second induction heating coll 3 is embodied as a flar coil
having a central internal hole 5. It is supplied with
electrical power from one zide via power supply liass 5. The
second induction heating coil 3, on ths side lyiﬁg oppeosits the
plate 1, is coated with a lower layver 7 composed of &
magnetically permeable material. The magnstically permeable
material preferably compriges z plastic which concentrates the
magnetic flux and which is offered under the trade name
Flustrol®. Situated 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
also preferred for the induction heating ¢oll 3 to have at
least one cooling channel 10 for conducting a coolant.

It is furthermore preferred for the upper layver 8 to have a
cutout 11 at its edge in the region of the internal hole 5 in
the induction heating coll and on the opposite side with
respact £o the power supply lines 6. The cutout 11 permits a
short distance between the induction heating coil 3 and the
tubtular extension 4 in the phase in which a swall volume 12 of



Claims 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 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 caoil,
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, wherein the lower layer is composed of a
ferromagnegie: plastici :3» The deviceaselaimed dwslaigadonElaine 2:yhewwin the upper layer is
composed.of g.matallicypatedal,; 4. The deyce.as claimed in.Claim Json ¢1gim,2, wherein the second

mductlonfg%%ggg %%_H 259;;,%‘&%%8?& I’ayggraggxg%?eo.sed of silver or copper.

Slots can be incorporated intc that edge of the upper layer 8
which lies azround the intermel hole 5 in the second induction
heating coil 2 in order to counteract the situstion where the
pecond induction heating ccll inductively couples into this
region of the upper layer.

It iz furthermcre preferrsd for the upper layer 8 o bs
hlackened on the sgide 12 lying opposite the plate 1,

Figure 2 {ilustrates the phase in which that section cof the
singlé crystal 14 which hag a constant degired 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 rubular aﬁt@nsion 4
to a melt 18 that lies on the growing single crystal 14 and is’
crystallized continucusly. In this phass, the tubula: gxtension
4 and the adjoining reglon of the plate in the vicinity of the
cutout 11 are heatad to a comparatively great extant by the
second ilnduction ha&timg coll 3. as a result, there is the risk
of the tubular extension 4 composad of silicon starting to melt.
excesgively at its lower and and the triple point T migrabing
upward until the melt 18 is overstretched and the contact with
the lowasr end of the tubular extension 4 breaks away. In order
to aveld thig, it is preferred to cool the tubular extension 4
composed of silicon and the adjeining region of the plate 1
with a gas, for example with argon. The gas is conducted
through at least one nozzlie 19 arranged in the induction
heating coill.



5. The device as claimed in Claim 1 or Claim 2, wherein the second induction heating coil has at least
one cooling channel for conducting a coolant. 6. The device as claimed in Claim 1 or Claim 2, 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 power supply lines of the second induction heating coill,
and the second induction heating coil has at least oné nozzle for cooling the tubular extension and an
adjoining region of the plate with a gas. 7. The d%/lce as claimed in Claim 1 or Claim 2, wherein the
upper layer is blackened on the side lying opposﬂe e %Iate 8 Abstract Device for producing a single
crystal composed of silicon by remelting granules

1. A device for producing a single crystal composed of silicon by remelimg

granules, comprising

a rotating plate composed of silicon having a central opening and having a
tubular extension compesed of silicon that encloses the opening and extends below the
plate; .
3 ﬁz;si induction heating coil, arranged above the plate, for meiting granules; and
a second induction heating coil, arranged below the plate, for crystalizing the
molten granuies, 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, wherem the lower {ayer is composed of a
ferromagnetic plas’nc

3. The device as claimed in Claim 1 or Claim 2, whrerein the upper layer is

composed of a metallic material.

4, The device as claimed in Claim 1 or Claim 2, wherein the second induction

heating coil and the upper layer are compdsed of silver or copper.

8. The device as claimed in Claim 1 or Claim 2, whereln the second induction

heating coil has at least one cooling channel for conduc’tmg a coolant.

8. The device as claimed in Claim 1 or Claim 2, wherein the upper laver 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 power 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.

7. The device as claimed in Claim 1 or Claim 2, wherein the upper layer is

blackened on the side lying opposite the plate.



The invention relates to a device for producing a single crystal composed of silicbn 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 olate, for crystalizing the molten granules, wherein the second induction
heating coil has, on its side lying opposite the ;ﬂate 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. Fig.

rbhstract

Device for producing z single crystal composed of silicon by
remelting granules

The invention relates to a device for producing a zingle
crystzl composed of silicén by remelting gramules, comprising
a rotating plate composed of silicon having a central opening
and having a tubular sxtsnsion composed of silicon that
encloges the opsning and extends below the plate;

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

z second induction heating coil,. arranged below the plate, for
cryetalizing the melten granules, wherein the second induction
heating coil has, on its side lying opposite the plate composed
of silicon, a lower layer composed of 2 magnetically permeable
materizl and an upper laver, in which there is at lsast one
cooling channel for conducting a coclant.

Fig. X



