SI LI CON CONTAI NI NG HALOGENI DE, METHOD FOR PRODUCI NG THE SAME, AND USE OF
THE SAME The present invention relates to silicon obtained by 5 thernal
deconposi tion of hal ogenated polysilane in particular silicon obtained by
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di scl oses @b
t he hal osi |l ane i sagpsEr OEdrH:mSBME hal ogenat ed pol ysilane with

first step,
generation of a plasma di scharge, said hal ogenated pol ysil ane subsequently
For the 15

bei ng deconposed in a second step with heating to formsilicon.
deconposition of the hal ogenated polysilane, the latter is preferably
heated to a tenperature of 400C to 1500C. Tenperatures of 800C, 700C, 900C
and once agai n 800C are used in the exenplary,gnbodiqﬁgéf. Qi &ar as the
pressur e Tisedpirsseohcar et iosd et prEsstft e 526 18 pr H1Y E¥pl oyed,
VaCUUE‘b%h&&g&ﬁ@'Qﬂé&bﬂﬁbéﬂﬁic@%eﬁﬁiaryaeﬁ@@ﬁhneatSpolysgbesemﬁthout sayi ng
that the production of silic . hat. | osshble is striven
for vwtf}R%ﬁ?%ﬁ?%ﬁétﬁﬁdjéﬁgbfgggﬁngﬁ%véy %%éﬁgg?iggF§T§é% e silicon obtained
has a | ownialddeeentrendtysiThaepr esent invention is based on the object of
providing a silicon variant obtained by thernmal 30 deconposition of

hal ogenat ed pol ysilane, which_in particular n .be_used for sjlicon
puri fi cation2pGfpases25Futt heHiferE =% he 3 nf" Nt con fgrtdp%ﬁ%ﬁg%ééa met hod
for ppodugiingcsughoa sialicednanarj anher8Snlheimb) etiraterttiamed-above is
achi eved  according t.o, tNe LOVeNdi 98-ty eans plhalkldgeauaimag silicon

obt ai ned "By SFhiefftal ecohpost t1on of hal ogenated |
‘ with generation of a plasma discharge, said halogenated

polysilane subsequentiy being decomposed in a second

atep with heating to  form silicon. For the

decomposition of the halogenated polysilane, the latter
temperature of 400°C

700°C, 900¢C and once

15
is preferably heated to " a

to 1500°C. Temperatures of 800°C,
again 800°C are used in the exemplary embodimentsg. AS

far as the pressure used 1s concerned, reduced pressure

20 is preferably employed, vacuum being employed in the

exenplary embodiments.

It goes without saying that the production of silicon

hat is as pure as possible is striven for with the

25 method described above. In particular, the silicon

obtained has a low halide content.

ig based on the object of
thermal

which in

The present invention
silicon wvariant obtained by

halogenated polysilane,
ne used Ffor silicon purification

providing a
20 decomposition ©of

particular can

Furthermore, the intention is to provide a

purposes.
method for producing such a gilicon variant.

The object mentioned above 1g achieved according toe the
halide-containing gilicon

by means Of
of halogenated

invention
decomposition

obtained by thermal



-2 bol ysi | aneandhavi ngahal i decontent of 1 at%- 50 at. It has been observed
according to the invention that 5 the high tenperatures and | ow pressures
used in the known nethod for producing silicon as described in the
i,ntroduction are responsible for the high purity of the end product
obtained, in particular with regard td& the halide content of the end
product. The invention now 10 does not strive to produce silicon having a
hal i de contgpi. thal,ds as;hew aspessibl e, 4 athenatihgesi | i camtes:ti nt ended
to have, in a ¥argoet ed manner, a relatively high halide content of 1 at% -
50 at% Thiefstidicon Ravidhg a rel atively high halide content is afforded by
15 relative | ow tenperatures and relatively high pressures during the

t hermal deconpositi (p is) Ldiegn ai; pedn bys+ hergel
deconposi ti%:n glfs;‘sha%%élen%l%ée)%ocfy%ﬂggﬁ%%% %r%efée)[?éabl y obt ai ned gi rectly 20
in grandl artfor Mmioht YRATEFEPEDEFShad™d BaTk g“é%%?‘tﬁe%f uges i 58§/ cnB,

f urt her nor e.peef erablan ar@F aprosiZendf s b0l co20080dpaTribedit ihashbeen

observed that the halide content is epdent. . .grapn si,ze. The
hal i de contjé‘h'irc?cﬁ"&telé’élegrgs rteﬁgoﬁrsé%oﬁgsggg ggg\/\gﬁ%héﬁﬁé%dg cglﬁ%ent can be

det er ni ned guuantatdwel yoimairiad,atiorcast 3T vet thi Feated (RecdrPling to

Moor). |R 30, Spect LOscopi Coreasur esgit $r-6ATR:t echid quevesi aspndosi ngl e
i i_gnal 2% cm'. The

reflection) on chloride-contai ni n}lg%%i | i con_show ahsxll,%;r1 Eiat h%? e

i ntensitfy i%°%fepBRBent o S e hadPT ¢ Tontént “&Ad Thtreasés as the halide
content incieases t3mtWier eas, Lahezref presibhet heaphéor thet spieseénted in the
in a targeted manner, & relatively

50 at%. This gilicon

ig intended to have,

high halide content o©f 1 at% -
having a relatively high halide content is afforded Dby

15 relative low temperatures and relatively high pressures

during the thermal decomposition (pyrolysis).

The =silicon obtained by thermal decomposition of

halogenated polysilane is preferably obtained directly

20 in granular form. It preferably has a bulk density

of 0.2 - 1.5 g/em®, furthermore preferably a grain size

of 50 - 20000 um.

Tt has been observed that the halide content is

25 dependent on the grain size. The halide content

increases as the grain size grows.

The halide content can be determined guantatively by

titration using silver nitrate (according to Moor). IR

30 spectroscopic measurements (ATR  technigue, diamond

single reflection) on chloride-containing silicon show

a signal at 10282 cm™t. The intensity is dependent on the

halide content and increases as the halide content

increases.

Whereas, therefore, in the prior art presented in the

introduction, the method conditions (pyrelysis

conditions) are sgelected such that silicon being as



i ntroduction, t henet hodcondi ti ons(pyrolysis conditions) are sel ected such
that silicon being as 3 pure as possible is obtained, the silicon
according to the invention has, in a targeted manner, a relatively high
halide content. 5 As far as concerned, halosilanes the halide content of
the silicon is the latter conprises,” for exanple, S inX2n+2 (X = hal ogen))
in the voids of hal ogen-containing silicon grains. Said hal osil anes can be
present in g physscabs@ixtar eswobhathedsi theosilQcgnaiansorbongver, the
silicon can_al so_conprise, hal ogen chenj Lxedly bonded.tq.Si, atons,
wher ei n thetE?IFEE%Qg‘% rdrng g% the %%%%%%?o&éﬁornhlqu%hchdgé&both
vari ants. 15idheéadolder cofntelé -silicon according to the invention is
dependent on the halide content (chloride content). By way of exanple,
silicon having a chloride content. of 30 at is reddish brown,_ while silicon
havi ng & ch%%ri%%?cdﬁ%eﬁ?“bf}gf%f%%iéxﬁﬁggEisﬁfgr%§é 20 THE “Br esént
invention fasidernore relat es t=ir t@xet odreferepr odudiorg t k&agpasul ar
silicon aC%%{fggﬁigﬂ%sth?sinxmuz (X = halogen})) in the wvecids of
halogen-containing silicon grains. Said halosilanes can

be present in a physical mixture with the silicen

the silicon can also comprise halogen

10 grains. However,
wherein the

chemically fixedly bonded to Si  atowms,

silicon according to the invention normally includes

both variants.

15 The color of the silicon acceording to the invention is

dependent on the halide content (chloride content} . By

way of example, silicon having a chleoride content of 30

at% is reddish brown, while silicon having a chloride

content of 5 at% ig blackish grey.
20

The present invention furthermore relates to a method

for producing the granuiar silicon agccording to  the
wherein the halogenated polysilane is
addition in a

the halcgenated

invention,
thermally decomposed with continuous

25 reactor. Preferably, in this case,
polveilane is introduced into the reactor dropwise. The

relatively high halide content desired according to the

inventicn is obtained by means of this continuous

procedure.

30
Thereby, the thermal decomposition preferably takes
place in a temperature range of 350°C - 1200°C, wherein
the temperature for the decomposition of the
halogenated polysilane is preferably less than 400°C.

35

rurthermore, the thermal decomposition 1s preferably

carried out at a pressure of 1077 mbar to 300 mbar above



invention, thermally 25reactor. polysilane relatively invention procedure.
30  wherein the hal ogenated bolysilane is deconmposed w th continuous
addition in a Preferably, in this case, the hal ogenated is introduced into
t.he reactor dropwi se. The high halide content desired according to the is
obt'ai ned by means of this continuous- ¥hereby, the thermal deconposition
preferably takes place in a tenperature range of 350C - 1200C, wherein the
t enper at ur e fQr<Lhe-decoppesité onweéré he hakegerated peloysidzaneaies
preferably | ess than 400C. 35 Furthernore, the thernmal deconposition is
preferably PES3ERbEPheric pressure, wherein pressures > 100 nbar are
preferred. According to an alternative of the nethod according to 5 the

| nvention, ﬁ@e%ﬁﬁﬁﬁ gas abmsphergrii8 Bar iUl g mmsRheie, s

mai nt ai ned 1 n the r%agtor used for the thernal deconpositiqp. The setting
of the desiFed hKaleasilebnt &Mt i PosEip| gtmosphere, An particular

argon atmosphere, is maintained in the reactor used for

the thermal decomposition.

The setting of the desired halide content is possible

10 by variation of a series of parameters, for example

setting a desired time profile,
Ag already mentioned, in the method

temperature profile and

pressure profile.

according to the invention, the halide-containing
: . gilicon is preferably obtained directly in granular
15 Form. This does not, of course, rule out the

correspondingly modifying the obtained

posgibility of
of further mechanical measures

end product by means

guch ag mechanical
order to obtain desired material properties in

comminution, screening, etc. in
specific

20 ranges.

alternative of the method for setting the
silicon obtained

obtained. By

A further

halide content of the granular
concerns an aftertreatment of the silicon
the halide content can be reduced by

25  way of example,
the chloride content

baking. Thus, by way of example,
{grain size 50 um to 20 000

was reduced to 4% by baking

example, baking,

of a gpecific silicon type
um, chloride content 15%)

to 1150°C over four hours. By way of

20 baking under vacuum, comminution or screening shall be

mentioned as suitable aftertreatment.

The present invention furthermore relates to the use of
the halide-containing silicon for purifying

35 metallurgical silicon.

US 4 312 849 discloses a method for remeoving phosphorus

impurities in a method for purifying gilicon, where a



10 by variation of a series of paraneters, for exanple setting a desired
time profile, tenperature profile and pressure profile. As already
mentioned, in the nethod according to the invention, the halide-containing
siticon is preferably obtained directly in granular 15 form This does
not, of course, rule out the possibility of correspondingly nodifying the
obt ai ned end product by neans of further nechanical neasures such as
nechani cal commi.putLoN: SCreinGqd et@ duk ofder 10 whi-aien ddsired materi al
properties in_specific 20 ranges. further alter na%li vehggu he get hod for
setting theChaPtHe® coit et of thcércgerramfloar *§ii’con” 0BT Al fied” concerns an
aftertreat npptrofrddecaibirtoa ebtacredisBY 25 way gebeexanplle,ctiie hal i de

cont ent cansggréeedu&gd Q%(tpgﬁa&g.cil;hus@@@% way of-examel endike el oride
content of a specific §i [Tcon type (grain size 50 pmto 20 000 pm chloride
cont ent 515)asas peHEERA-1& 4965BiCHakt ng FEEE50C ovér Yol hourS. By way
of exanpl e, 5 haki Neh=130, bakddiy ddgte vaeuum ThenweBUtdcomadnisgr ééwi ng shal |

be nenti onedl? as suitable afitsegt Bg?fgﬁgﬁéf?ﬁ%{lmﬁep&&%m i nvention

furt her nor €1 et EtEs $0 e 1dse 0 cont ai ni hgsi | i conf or puri fyi ng

35 netallurgical silicon. US 4 312 849 discloses a nethod for renoving

phosphor us 4npyki tiesyéhn a1nmet:hed ek purhbyheg sidd ceasivher eaad -5
silicon nelt is produced and the fE| t is treated with a c{_gllsogé ne _source in

order £6 reFRETBPhoSphoTUs. CTHE Dref el T EdSCH of i A8 sour c&Used IS a gaseous
chlorine sow=pe, witpad técidam 0dZt 00@2raim 00d49aseipndeearédds as

al ternative, chl orjne §83%c%%mﬁ§kggh$ur‘geits gk ddonal Ly added tasthe nelt.
e chl i ed

The gas con aini tﬁ%etﬁ orine source Is Bbubbled through the nelt. DE 29

29 089 Al dixatdeosesida hivérhednf ef-¢etidi ng and
15 EP 0 007 063 Al describes a method for producing
polycryétailine silicon, wherein a mixture of carbon

and silicon 4ig heated to form a melt and a gas

containing chlorine and oxygen is conducted through the

melt.

20

As shown by the explanations above, it ig already known

to remove impurities from silicon melts with the aid of
gaseous chlerine gources. Thereby, gas mixtures
containing chlorine gas or chlorine are introduced into
25 the S§i melt. However, the implementation of such
technology is very complex since the chlorine has to be
introduced directly into the melt, which is generally
effected by means of small tubes or specific nozzles.
a homogeneous distribution of the chlorine
only possible tc a limited

Therefore,

30 over the entire melt 1is

extent. Moreover, the apparatuses for introducing the

chlorine into the melt can adversely affect the melt

itgelf, that is to say that impurities originating from

the apparatuses for introducing gas can occur, for

35 example.

has now been found that the halide-containing
excellently

It
silicon according to the invention 1is



10 growing silicon crystals, wherein a gas is caused to react with a
silicon nelt, wherein the gas is selected fromthe group conprising wet
hydr ogen, chlorine gas, oxygen and hydrogen chloride. 15 EP 0 007 063 Al
descri bes a nethod for producing polycrystalline silicon, wherein a m xture
of carbon and silicon is heated to forfm-a nelt and a gas contai ni ng
chlorine and oxygen is conducted through the-nelt. 20 As shown by the
explanation§ ggﬂyga tAs @%{g@gy kw1 igrmve bmpuﬁbh;eSxermIS|llcon
melts with The ai OF aseous cﬁ?orlne s urce }Q ¥ as i xtures
cont ai ni ng k¥ Orihelyad EﬁlEh?%%?%%yaFémP ?r@‘ cé& eﬁt& 55%i i nelt.
However, the.dmlenenkatbofing sueh techrology |SIVerWath$Jext§ﬁnce t he
chlorine ha to be |ntrodu y to the nelt, which is generally
effected b SRl ?gbgéggggépgg?flc nozzles. Therefore, a

honbgene&ous dlstrlbutlon of the chlorine 30 over the entire nmelt is only
possi bl e t(hfkﬂdgnﬁé%id%xk%&kalwbhgoﬁeﬁ cbhe vapparatuses sfldurgateoduci ng the

chlorine into t can agversely affect the nelt itself, that is to say
t hat |npur|%%%%§Qﬂwﬁﬁ ﬁ&tpﬁﬁl PO t he apparatuses for introduci ng gas can
occur, for 35 exanple. -6 suitable for purifying netallurgical silicon,

to be preci Se_]_t']_?}ga ?ﬁét aulanly shapleand.ef %@%’ﬂ.b&(@tﬂﬁ@n&ht Thaeeby,
according to afirst alternative, the follomnn% s are carrlgg out :
WIX|nglﬁalMdéh@éﬁﬂ&ﬁmQﬂfsﬁ#?Q%ﬁ¥3M?49tﬁ3mﬁeﬁﬁlFhﬁgfcéVES|llcon o be

purified, someltd pgrthenaixtase and thereby sublimating out the 10
inpurities and renoving the sane fromthe nelt in the formof netal

hal i des. Consequently, rather than the use of a gaseous ch]orine source for
purifying thesemetatlys greshesi FReBntlasuPg £5 Bhe2E58ES| AR RBT Prior art,

solid hali %% %t ai i ng, 81 44c0n tﬁe%ﬁé&@l%&@mhhe retialdowr, gizcal isilicon to

be purifie the resulting mxture_is
|npur|§ﬁestﬁen Eéﬁ?ldHFthﬁeag§lﬂEtd?%tareng' géoégﬁ?%E% Qforn1of

chl ori des, dfiqrcexanpl en2fedeCl3; 8ahd mﬁﬂ§lﬂeWBV@élfﬁmhM@m@Iﬁﬂt =
purified, and the resulting mixture is melted. As a
result, the impurities, in particular heavy metals are

sublimated out in the form of chlorides, for example

20 FeCl,, and thus removed from the melt.

According to a second alternative of the use according

to the invention, the following steps are carried out:
25 melting the metallurgical silicon to be purified;

introducing halide-containing silicon into the melt and
thereby sublimating out the impurities and removing the
came From the melt in the form of metal halides.
30
Tn thig second method variant, therefore, prior mixing
of the halide-containing silicon with the metallurgical
silicon to be purified does not take place, rather the
halide-containing silicon is introduced directly into a
35 melt composed of the metallurgical gllicon to Dbe
purified. By thig means, tOO, impurities of the silicon
to be purified are sublimated out and removed from the

melt in the form of metal halides.



According to a second alternative of the use according to the invention;
the following steps are carried out: 25 nelting the netallurgical s icon to
be purified; introducing halide-containing silicon into the nelt and
t‘hereby sublimating out the inpurities and renoving the same fromthe nelt
inthe formof netal halides. 30 In"this second method variant, therefore,
prior mxing of the halide-containing silicon with the netall urgical
silicon to be purified does not take place, rather the halide-containing
silicon is |ntroduced directly 9 S th aklsur gi ca
silicon to He °f i e %%%By%%ﬁlsﬂ%%é%§.£§%é?£$%%ﬁrsglgéoofq$%§i5|Ilcon to be
purified angrsﬁﬁﬂahﬁ@t@@l@mndanéoﬁeﬁbvéﬁgf?b%%?ﬂ% nmelt in the formof netal
halides. -7 1In this case, the halide-containing S|I|con used is
preferably chloride-containjng sili, 5 The. hal i t gy.8i licon
used caf prieter aBly e Hatddet n?éﬁﬁ?ﬁﬁ S|??%oﬁaﬁh|c q%%%%gﬁﬂs al osi | ane
fractions rﬂa&ﬂBstdmtSEthgctEmmsCOSucwhhahOSWMQMé§n€ Shpixghignenhere X
denot es ha'tolgaecnc%@% "yfleogt sk - 510, cpretesabl y duen 3haake; paakerably

n

present (pHysitc vacancies of chlorine-contajning.silicon

grai ns, but Sﬂaﬁvﬁhsdﬂwa&ém%%oféﬂl?%e%l?ﬁl%o% AEEMET St - X)ng cheni cal
bonds. Thegggﬁkgﬁﬁggdung.hal|dﬁmﬁowﬁgﬁﬁranmmrberdaémtn1p99516abmaht|tatlvely
by titration u si |l ver nltra oscopi ¢
neasuréﬁenﬁ§1(§¥EqF§@Wﬁl dlgﬁgng S|ﬁghgg%%?PgE$F%ﬁC&B SPEERES

chl ori de- cantraicimae Isid |1:tsi)nfﬂs3fﬁﬁma s & %é@c‘é‘?'ni omhe (Fhidhsity is
dependent QE,Q&% g@ghdgoﬁggtent and 20 increases as the halide content
increases. °“In order to achieve good m xi ng of the halide-containing
silicon with the netallurgical silicon to be purified, preferab@é granul ar,

in parthUh&@ f icpere2bogs ahmechaial dgersgortd nicag sPki cOPt$5m L3 In this
case, ai.n.size ex 20,,pm 1,0:2000Q,saRMerThenitrate

hal i de= %ont“ﬁﬁFﬁ% S%V%g Bn g)efer%.%a has a lI enS|tx.of l %Zgécnﬁ to 1.5
g/ cnB. 30 Theckadids &entient) |s18eﬁ%ﬁaéﬁ?36ﬂpf%em@?%% f%@r%s hal i de

content ingLeasesuas theagpakn sizelgromsiléctinthheronl teratide of the

met hod accgg%kggngggtrgi¢lcon cshow & signal at 1029 em™*. The

intensity is dependent on the halide content and

20 increases ags the halide content increases.

Tn  order to achieve good mixing of the halide-
containing silicon with the metallurgical csilicon to be
purified, preferably gfanular, in particular fine-
25 grained halogen-containing silicon is wused. In this
case, the grain size is expediently 50 pm to 20000 um.
The halide-containing silicon preferably has a bulk

density of 0.2 g/em’ to 1.5 g/ow’.

20 The halide content is dependent on the grain size. The

halide content increases as the grain size grows.

A further alternative of the method accerding to the
invention is distinguished by the fact that the halide
35 content of the halide-containing silicon wused for
purification is sget by means of aftertreatment. Said
aftertreatment preferably takes place under vacuum. By

-~ < : _
way of example, the chloride content oL chloride



invention is distinguished by the fact that the halide 35 content of the
hal i de-containing silicon used for purification is set by neans of
aftertreatnent. Said aftertreatnment preferably takes place under vacuum By
way of exanple, the chloride content of chloride- <containing silicon of a
specific type (grain size 50 mto 20060 pm (wi t hout screening) chloride
content 15% was reduced to a chloride content of 4% by baking to 1150C
over 4 hours.,Suita) & aftent reatnet arethods e | nolaide siter Séxampl e,
baki ng, baking_under vacuum._ conmm nution Qar Lng.. Lt s 1keen found
t hat good r\e%u??gg@i i r Wda“lﬂd)”t%o StGnreeepnu"‘rnlg?i c(gﬂ%ﬁmé? rtrg%ié? gr 1?c§| silicon
can be achiweved rk@uaedor dbng t ohiheidaverritomin tHout *cotpl PEEEEE devi ces
for introdycing fas: it the.dipld . dparkioul arstdeaesdiRbal severasabl e to
es fr

form of chlorides omthe nelt satjsfactory manner. 15 In_a further
enbodi mént Bt kU usd “cc6FEIMRYSL o ?Wél?%ver?f“lﬂ%rﬂg t h&* el t Vﬁgu?%pl eni shed

wi t h hal i de-gentaidlioag «si kiceeanihg.this case, "nelt" is taken to nmean the
melt consisting of the mxture of halide- 20 containing silicon and silicon

to be purified, or the nelt consisti%ﬁ solely of silicon to be gurified. In
bot h cases,Ithyraredresrof Lok "t effehi 7PV plet f 6 medX S¥fe cbT r E8Fondi ng
purificatign,process ceandensehl1fios: exanpkeireadjast ede orchégurdanew.
according to the invention without complicated devices

I'n this case, 1in

10
for introducing gas into the melt.
heavy metals were able to be removed in the

particular,
in a completely

form of chlorides from the melt

£

satigfactory manner.

embodiment of the use according to the
replenished with halide-

in a further

invention, the melt is

containing silicon. In this case, “mell” is taken to
t

consisting of the mixture of halide-
the

mean the mel
containing silicon and silicon to be purified, or
silicon to be purified. In

20

melt consisting solely of
by means of the “replenishing” performed,
for

both cases,
rhe corresponding purification process can be set,

example readjusted Or begun anew.

Vet another embodiment of the use of the invention is
distinguished by the fact that the melt is homogenized.

This can be effected, for example, by means of

agitation of the melt, in particular Dby crucible

30 roration, use of a stirrer, etc. However, the melt <an

also be homogenized simply by being allowed to stand

for a gufficient time, such that sultable

homogenization arises by convection in this case.

35  The purification according to the invention can be

uged, in particular, in Si crystallization methods, for

example in ingot casting methods, Crzochralski methods,

EFG methods, string ribbon methods, RSG methods.



25 Yet anot her enbodi nent of the use of the invention is distinguished by
the fact that the nelt is honogeni zed. This can be effected, for exanple,
by neans of agitation of the nelt, in particular by crucible 30 rotation,
use of a stirrer, etc. However, the melt can al so be honogeni zed sinply by
being allowed to stand for a suf fi cireft “tinme, such that suitable
honngenlzatlon ari ses by convection in this case. 35 The purification
according tg, nv§9tugp gg@dchuseguriﬂypﬁgtnﬁuiaB; ime1Si from
crystalllzatlon 't hods, xanpl_e 1.n i ngot had ochral sk
met hods, EPG-fet hodfs, C%Y?F% r?BEoﬁr Fﬁ%g 2?6 %ogEE e %t ﬁéreby, it
is used fomﬂxndjyln@ltherﬁstaéliﬁérdﬁlwmnﬂpﬁﬁua%ﬁ@sﬁ&@@uéﬁ@ pPBduced. In

the ingot casting g |gﬂtwﬁ@&§tqhﬂlq%}Slténggtspaﬁgapfgguceﬁ by
crystals witH 3 mndth 0 up to pIurallt cent neters b eing al | oned
to gromﬁthﬂwﬂghﬂﬁﬁ@rénﬂ@ﬁ%ﬁﬁn@&%oﬁ?dnééhs WcSﬁFFHﬁ' I%olllalf”lcatlon I'n
the EFG net:hedd edgerGel Red dohl-brgledt hpladioctagonal Ttube? ESGpul | ed

fromthe S|I%%¥§%g§§%ﬁatye resul;pﬂg gy%wkgaygggl$&p§ Lube is,sawn at the

edges and 1% 5 101 fers e strin rlbbon net hod, between
two Wires asibbonldds pifted ﬁh@n1ﬁﬁél§PP|c@WﬂﬁHt B9 t RESRES 2t hod

(11bbon of 00, subst s ake) cauki bion ofad || son ariesesedye cand er
mat eri al bel ng aned under a cru0|bl Vmé£1|l 5889 ma D85

Czochr AP skiPTieEEREE%T §%a SRThdd 61 pridducihg” S|T %on single crystals
wherein a Qﬁ&&@éh|ﬁquwﬂﬁﬁhfaon1bh@nsublG@nlm@tqumuﬁﬂ@pﬁ11¥%@“and

rotational %en%ntg %'AE%H (f%ﬂﬂdﬁ”béﬂ&&ﬂEbﬁryﬁﬁﬂhxﬁﬁﬂo&ats on a
crystalllnglseed dlnent Hal ogenat e | ane produced

Si
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single crystals wherein a crystal ie pulled from the
silicon melt. Under pulling and rotational movements, a
cylindrical silicon single crystal deposits on &
crystalline seed.

20
Exemplary embodiment

Halogenated peolysilane produced plasma-chemically in
-5 the form of PCS was continuously introduced dropwise
into a reactor, the reaction zone of which was kept at
a pressure of 300 mbar. The temperature of the reaction
zone was kept at 450°C. A solid granular end product
obtained was continuously extracted from the reactor,
10 said end product being silicon having a c¢hloride
content of 23 at%. The chloride-containing silicon
obtained had a bulk density of 1.15 g/cm® and a red

color.



obt ai ned was continuously extracted fromthe reactor, 30 said end product
being silicon having a chloride content of 33 at% The chl ori de-contai ning
silicon obtained had a bulk density of 1.15 g/cnB and a red color. - 10
~MCSLLP Patent C ains 1. Halide-containing granular silicon obtained by
thermal deconposition of hal ogenated f@lysilane and 5 havingﬁg hal i de
content of 1 at%- 50 at96. 2. Thehafi de-contai ni ngsili condéeokldf ngt o
claim1, characterized in that it has a bulk density of 0.2 - 1.5 g/cnB. 10
3. The halide-containing silico®ageadr §lagm=o claim 1l or 2, characterized
inthat it has a grain size of 50 - 20000 pm 15 4. The hal i de-contai ni ng

silicon according to any of the preceding clains,characterized in that it
Halide-containing granulaer silicon cobtained by

thermal decompositicn of halogenated polysilane and
5 having a halide content of 1 at® - 50 ats.

2. The halide-containing silicon according t

claim 1, characterized in that 1t has a bulk density

of 0.2 - 1.5 g/cm’.

10
3. The halide-containing silicon according to claim 1
or 2, characterized 1in that 1t has a grain size of 50 -
20000 um.

15 4. The halide~containing silicon according te any of
the preceding claims, characterized in that it
comprises halosilanes (Si¥:p+2 (X = halogen)) 1in the
voids of halogen-containing silicon grains, wherein n =
1 - 10.

20
5. The halide-containing silicon according to any of
the preceding claims, characterized in that it
comprises halogen chemically fixedly bonded to 81
atoms.

25
6. The halide-containing silicon according to any of
the preceding claims, characterized in that 1t contains
chloride.

30 7. A method for producing the halide-containing

silicon according to any of the preceding claims,
characterized 1in that the halogenated polysilane 1is
thermally decomposed with continucus addition in a
reactor and wherein the time profile of the reaction is

35  selected so that silicon having a halide content of 1

at% - 50 at% i1s obtained directly in granular form.



conprises halosilanes (Sir.X2nH 2 (X - halogen)) in the voids of

hal ogen-containing silicon grains, wherein 1 - 10. 20 5. The

hal i de-containing silicon according to any of the precedi ng cli&iss,P
characterized in that it conprises halogen chemcally fixedly bonded to S
atoms. 25 6. The halide-containing silicon according to any of the
precedi ng clainms, characterized in That Tt contains chloride. 30 7.A method
for producing the halide-containing silicon according to any of the
precedi ng &l ai nehecharactierazeddimd hat theihaliggenad edepot ysédane i s
thermal |y degonposed withcantinyoys,addi tion 14, a [eactor and wherein the
e profile of the reaction'is 8.”The nmethod according to el'aim'7s

charact eri gsdrpatefat rehet bbt dEAcdCgranul ar silicon is continously
extracted fromthe reactor. 5 9. Thenet hodaccor di ngtocl ai n7or 8,
characterized in_that the hal ogenated polysilane is introduced into the
react or dropwi sel’® 1ETARe metHoo rditiy t &&WR of ‘cl aPis 7%to 9, 10
characterizedriatéhatetiheid herrmad deeonpestvticentkakesoplaceann ais
tenmperature range of 350C - 1200C, 1. The_nethod according to claim 10,
characterii%%r?%gf%%tlgg% %%p%g%?ﬁ?g or Y he“deconposi tion of the 15

hal ogenat ed pol ysilane is | ess than 400C

10. The method according to any of claims 7 to 39,
16 characterized in that the thermal deconmposition takes

place in a temperature range of 350°C - 1200°C.

11. The method according to claim 10, characterized in
that the temperature for the decomposition of the

15 halogenated polysilane is less than 400°C.

12. The method according to any of c¢laims 7 to 11,
characterized in that the thermal decomposition takes
place at a pressure of 1077 mbar to 300 mbar above

20 atmospheric gressure.

13, The method according to any of c¢laims 7 to 12,
characterized 1in that an inert gas atmosphere, in
particular argon atmosphere, 1s maintained in the

25 reactor used for the thermal decomposiiion.

14. The method according to any of claims 7 to 13,
characterized in that the halide content of the halide-
containing silicon obtained is set by aftertreatment of

30 said halide-containing silicon.

15. The use of the halide-containing silicon according
te any o©of the claims 1 to 6, for purifying

metallurgical silicon, comprising the following steps:

mixing halide-containing silicon with the metallurgical

silicon to be purified;



12. The nmethod according to any of clainms 7 to 11, characterized in that
the thernmal deconposition takes place at a pressure of 103 nbar to 300 nbar
above 20 atnospheric pressure. 13. The nethod according to any of clains 7
t0.12, characterized in that an inert gas atnosphere, in partﬁ%@$%&pargon
at nosphere, is maintained in the 25 reactor used for the thernmal
deconposition. 14. The net hod accor dr g to any of clainms 7 to 13,
characterized in that the halide content of the halide-containing silicon
obtained is set by aftertreatnment of 30said halide-containing silicon. 15.
The use of_the. halide-cqntaining.silico ccordi.ng ta an f.th lainms 1
to 6,for p%%f?)l/?ﬁg %e“i a?pllhirl’éﬁ‘"c?al ai‘fjl i%%%&cgmdﬁbs*%r%a “t]hneél f %Iultow§%g9 st eps:
25 MCSUP amgpritpekting thex u e and thereby sublinmating out the
inmpurities . 16. The use of the halide-containing silicon according to any

of claims 1 to Q for pur;fying metal | urgical silicon, conprising the
fol | owi‘ng $fepsilfreFEFng t A& Smdral 1A giccdl? 'S11TEon t o°be purPFiedd 10
to any of claims 1 to © for purifying metallurgical
silicon, comprising the following steps:
melting the metallurgical silicen toe be purified;
10

introducing halide~containing silicon into the melt and

thereby sublimating out the impurities

17. The use according to claim 15 or 16, characterized
15 in that the halide-containing silicon used is halide-~
containing silicon which contains halosilane fractions

mixed with Si fractions.

18. The use according teoe any of g¢laims 15 to 17,
20 characterized 3in that the halide-containing silicon
used  1s halide-ceontaining silicon which contains

halcgen chemically bonded to S1 atoms.

19. The wuge acceoerding to any of c<laims 15 to 18,
25 characterized 1in that granular, 1in particular fine-

grained halide-containing silicon is used.

20. The use according to any of claims 15 to 19,
characterized in that the melt is replenished with

30 halide-~containing silicon.

Z21. The wuse according to any of claims 15 to 20,

characterized in that the melt is homogenized.

35 22. The method according to any of c<¢laims 15 to 21,
characterized 1n that it is used in S$51 crystallization

methods, in particular ingot casting methods,



i ntroduci ng halide-containing silicon into the nelt and thereby sublimting
out the inpurities . 17. The use according to claim15 or 16,
characterized 15 in that the halide-containing silicon used isj:g | p

hal i de-contai ning silicon which contains halosilane fractions mxed with S
fractions. 18. The use according to any of clains 15 to 17, 20
characterized in that the halide-coﬁtégnTng silicon used is

hal i de- contai ning silicon which contains hal ogen chem cally bonded to S

at ons. c19chThesuse according t@wmny ektelaisrs 15rtond8, 2d5bhon
characterized in th ar lar, in particular fine-grained
haIide-con?%?%?ﬁﬁ’s?%?c%%egggﬁSed. 20. The use according to any of

claims 15 to 19, characterized in that the nelt is replenished with 30

hal i de-containing silicon. 21. The use according to any of clains 15 to
20, characterized in that the nelt is honogeni zed. 35 22. The net hod
according to any of clainms 15 to 21, characterized in that it is used in S
crystallization nethods, in particular ingot casting nmethods, - 13 -
Czochr al ski met hods, EFG net hods, stringri bbon nmet hods, RSG net hods.



