Hal i de-containing silicon, nethod for producing the sane, and use of the
sane The present invention relates to silicon obtained by 5 thernal
deconposi tion of hal ogenated polysilane in particular silicon obtained by

t hermal deconposition of chlorinated polysilane. WO 2006/ 125425 Al

di scl oses a nethod for producing 10 silicon from hal osil anes, wherein, in a
first step, the halosilane is converted into a hal ogenated polysilane with
generation of Qifégﬂc&'w&mizg@,sﬁﬂ@m@al @géﬂaae@ogobﬁah@ﬂﬁgsaiaéequent ly
bei ng deconposed 1 n second step with heatin formsilicon. For the 15
deconposi tion of the hangen%@%ﬂ'p%W §stFanet EH% P&ffer is preferably
heated to a tenperature of 400C to 1500C. Tenperatures of 800C, 700C, 900C

and once again 800C are used in.the ex | ary_enbodi.nent s t he
pressure usediSs EbhcerhedFEGISEY ﬁ?gggﬁFe |596F8Fer§b yfg%%|% ed,

vacuun1be$ngt@@ph@ﬁeddatdmp@awaﬂmmaﬁyfedﬁmﬁbgenasedltpngSl%ﬁnhouﬂﬁsaylng
that the prodictlon gl 9,1icoh Ak s A% PUER, %apoaéa&hgoe&%ﬁl vwen for

with the 25 Keth ove. In par |cu ar, the silicon obtained has
a Iom1hal|deC@@@weﬁELE@h@OéW§§éﬁﬂelnventlon i s based on the object of

providing a silicon variant obtained by thermal 30 deconposition of
si.licon

hal ogenat ed onS|Ia which in particular can s ed for

purification Burﬁﬁgézléﬁ £ hetho SQ#&??%H(QHlW%$% g‘ gobro@?ﬁ% S Hét hod
fOF_produpinlliu@bpaf$bhl&qmowaﬂbaab 3%meted mbjecta niits oneEtk@bote s
achi eved accﬁ%g ﬁgﬂto ”‘% ' 0¥ éi»@é‘cfa hgl%a”a? %a&%%]en%%eﬁo%c‘ﬂ}péfgaﬁél I con

obt ai ned by *Hecor ITPOSI Yon o ogenate
with generation of a plasma dlscharge said halcgenated

subsequently being decomposed in a second
silicon. For the
the latter

polysilane
step with heating to form
15 decomposition of the halogenated polysilane,
heated to a temperature of 400°C
$C00°C and conce

ig preferably
to 1500°C. Temperatures of 800°C, 70C°C,
again 80C°C are used in the exemplary embodiments. As

far as the pressure used is concerned, reduced pressure

20 is preferably employed, vacuum being employed in the

exemplary embodiments.

It goes without saying that the production of silicon

that is as pure as possible is striven for with the

25  method described above. In particular, the silicon

obtained has a low halide content.

invention 1s based on the object o©f
Thermal

The present
providing & silicon variant obtained Dby
of Thalogenated polysilane, which in

30 decomposition
purification

particular can be used for silicon
purposes. Furthermore, the intention is to provide a

method for producing such a silicon variant.

The object mentioned above is achieved according to the
halide-containing gilicon

35

invention by  means of
obtained by thermal decomposition of halogenated



- 2 - polysilaneandhavi 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 introduction are responsible for the high purity of the end product
obtained, in particular with regard to £€he halide content of the end
product. The invention now 10 does not strive to produce silicon having a
hal i de cont eligtolg}ga_tlahg as 9w as passiple, rather Hhe sl | i copohsedhnt ended
to have, in a targeted manner, a relatively high halide content of 1 at -
50 at. This $ifl fc6h*havPRg®@®rel atively high halide content is afforded by
15 relative | ow tenperatures and relatively high pressures during the
thermal decorosild opeLpYEelyssd . o8 dikeor, 0bhal nef by s bherdml:
deconposi tion of hal ogenated polysilane 1s preferably obtajned directly 20
in granul@ar téemhigh preresEdlyrdras 28 ut R’ dEASSEYT6F *2d 405 Y%,
fgrthergnrﬁ Eh@ﬁﬁrﬁhrhga geai prsbzeind galicaaoa@ @ascribkt Ras theen ]
observed that the _halide content is. endent .on..t rai i.ze. The
hal i de cont enf i REFeRsRS He t%ees'pgornagil%isﬁ zeorg?%v\%.h]%nhe%?éﬁqit e%ggr?t%%nt can be
det er mi ned qeadt atbdety bypteinedti on BErAGCBEBVeriAht rguarfaéortdieng to
Moor). IR 30,spestroscerhe neasiienmenls (ARLechmiguen dhamead rshngl e
refl ection) on chloride-containi ng si_licon ,slh,ow a %i gnal at égﬁQ cm The

i ntensi ty | sd@ePeritint ST e Hral PURYCORt ehit’ 1 i AEY &H8es ad*h€%hal i de
content increasesnt 3bhatheteass Lberefopessihltherptheor ant présentied in the
in a targeted manner, a relatively

- 50 at%. This silicon

is intended to have,

high halide content of 1 at%

having a relatively high halide content is afforded by
15  relative low temperatures and relatively high pressures

during the thermal decompositicn {(pyrolysis).

The silicon obtained by thermal decomposition of

halogenated polysilane 1s 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

¢f 50 -~ 20000 wum.

T+ Thas been cbserved that the halide content 1is

25 dependent on the grain size. The halide content

increases ag the grain size grows.

The halide content can be determined guantatively by
(according to Moor). IR

technigque, diamond

titration using silver nitrate

30 gpectrogcoplic measurements {ATR
single reflection) on chloride-containing silicon show

& signal at 1029 cm™'. The intensity is dependent on the

halide content and increases as the halide content

increases.

Whereag, therefore, in the prior art presented in the

introduction, the method conditions (pyrolysis

conditions) are selected such that silicon being as



i ntroduction, t henet hodcondi ti ons(pyrolysis conditions) are sel ected such
that silicon being as 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 the halide content_of the silicon is concerned, the
| atter conprises, for exanple, hal osi1 ahes (SIinX211+2 (X = halogen)) in the
voi ds of hal ogen-containing silicon grains. Said hal osil anes can be present
in a physi cabuptxkr eosksthlthéssickiceoned0 gheai rsllikowewercerdhagsids con can
al so conpri se, hal. , ical |y fixed e i atqns,;-whenein the
silicon acco?ﬁ?négggggﬁggrﬁ%%ht¥6hEﬁor%% %@Q?ngﬁgggg'b%t%%sgrﬁgﬁtgﬁ 15 The
col or of thehsphikonidecs™isig-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, whjile silicaon having.a.chlori.de content
of 5 at is bPackidh gidy. %o ?ﬁ%l&eesé:rﬁneﬁer?\/‘entc}%gn %ﬁrt%é“r%ﬁ%?g régat es to a
met hod for produciregit he graanull&ttsid | cowmagcéoeding et he SKAVERE on
wherein the @i&%ﬁm{e%d pelysilaneris nalogiher mald yrdecamesedo2s
reactor. Preferably, this continuous addition_in_a iﬁcasg t he hal ogenat ed
pol ysi | ane | B 1A OAREFTHEG FHe F8RcFoF B opfirs8. "THESFEFEETVERY hi gh
hal i de cont esd desiseed acgorai nmitsdckhe nhventéonwitsh ot nedlbyoneans of
this COQ%'”%%EEDf?F“ﬁ%%%&%r, the silicon can also comprise halogen
chemically fixedly bonded to Si atecms, wherein the

silicon according tc the invention normally includes

both wvariants.

The color of the silicon according to the invention is

15
dependent on the halide content {chloride content). By
way of example, silicon having a chloride content of 30
at%s ig reddish brown, while silicon having a chloride
content of 5 at% is blackish grey.

20

The present invention furthermore relates to a method

for producing the granular silicon according to the

invention, wherein the halogenated ©polysilane is

thermally decomposed with continuous addition in a

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

case, the halogenated

relatively high halide content desired according to the

invention is obtained by means of this continucus

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.

3=

rPurthermore, the thermal decomposition is preferably

carried out at a pressure of 107° mbar to 300 mbar above



Thereby, the thermal deconposition preferably takes place in a tenperature
range of 350C - 1200C, wherein the tenperature for the deconposition of the
hal ogenat ed polysilane is Preferably | ess than 400C. - 4 - atnospheric
pressure, wherein pressures > 100 nbar are preferred. According to an
alternative of the nethod according to § the invention, an inert gas

at nosphere, in particular argon atnosphere, is maintained in the reactor
used for the a%ﬁ%@pagréecgmggh&bpnwhgb@iﬁepme@gu@fest he 1desinted hatd de
content is possible 10 by variation of a series of parameters, for exanple
setting a deSFFEGTERMe profile, tenperature profile-and pressure profile.
As already nentioned, in the nethod according to the invention, the

hal i de- cont ai,nings$iki €N ais ALeferably obt anedidifectdacdigrany ar 15
form This does not, of course, rule out the possibility of Qorre%pondlngly
nodi f yi ng® t héREbti&ivEed 2end ﬁ?deEFﬂbygﬁ%aﬁ§m8ﬁp%ﬁF?heﬁﬂﬂﬁﬂﬁﬂﬁ%ﬁﬂaneasures
such as nechapieal s casBbetd ON s SerEenRiing:d etre. thia wraderort eselt dior desired
material propertjes in specific. anges. A further alternative of the

nmet hod for sgg?i%ﬁe¥$é?rmﬁﬁ?ﬁ?9§5ﬁg§%f of the granular silicon obtained
concerns an aftertreatnent of the silicon obtained. By 25 way of exanple,
the halide cepient-cansbe:raducad hy-dmkiagiadhusneby: way ebsexanpl e, the
chloride content of a s eci{ic sili.con tépe Q%{aﬂﬁ %;ze 50 pmto,20 000 pm
chl or i dé-%conPeént’ 2F52% SR T eBucsd 10 496 By Baki g to 11508 6ver f our
hours. By wayetwofimexanplesitmakimgye 30-dfakieng tewder aracguipr oot Aot on or

screeni ng S%ﬂésgggéﬁﬁ£éPfﬁg.aﬁsS%hE@QH9 fterithedt "B . the method

according to the invention, the halide-containing
. - silicon is preferably obtained directly in granular
15 form. This does not, ocf course, rule out  the

possibility of correspondingly modifying the obtained

end product by means of further mechanical measures

such ag mechanical comminution,
order to obtain desired material properties in

screening, etc. in
specific

20 ranges.

A further alternative of the method for setting the

halide content of the granular silicon obtained
concerns an aftertreatment of the silicon obtained. By

25 way of example, the halide content can be reduced by

baking. Thus, by way of example, the chloride content
of a specific silicon type {grain size 50 um to 20 000
wag reduced to 4% by baking

um, chloride content 15%)
By way of example, baking,

to 1150°C over four hours.

30 baking under vacuum, comminution or screening shall be

mentioned as gsuiltable aftertreatment.

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

35. metallurgical silicon.

US 4 312 849 discloses a method for removing phosphorus

impurities in a method for purifying silicon, where a



The present invention furthernore relates to the use of

t hehal i de-contai ningsiliconforpurifying 35 netallurgical silicon. US 4 312
849 discloses a nethod for renoving phosphorus inpurities in a nmethod for
purifying silicon, where a -5 silicon nelt is produced and the nelt is
treated with a chlorlne source in order>to renove phosphorus. The preferred
chlorine source used is a gaseous chlorine source, in particular 012. 00012
and 0014 aregkndicatgdi® as gré@inad iaei ciHeormde: shureeas.c Lmzimum is

additionally added to the nelt. The.gas contai ni ng t ] sQurce is
bubbl ed throﬁB‘OFﬁ%?rmﬁqurtﬁE 5§ 297089 AI° difSESesta” ﬁé?%gd Tor ref|n|ng
and 10 growi ngesietiedncoiypstaks,sonyeece weed gas is gagsedst ohlegdimeni th a

silicon melt . wherei Qnt{aﬁreééuiéﬁ@iect%ﬂr%d hecgr eup clmrdasae@g wet
hydr ogen, chlorine gen and hy drogen chloride. (15 EP 0 007 063 Al

descri bes a A&t hod+t g%¥n%Fbﬂ%C|nﬁhp%¥y%$ystﬁPF?ﬁ@SS|Iléﬁﬁmlﬁﬁﬁrel& a mxture
of carbon aﬂ@d@i&i&ﬁHﬂlyii&ﬁﬁ&%kdOtm@rMEBtntheagdsacg@$a&0mhglNMHg

chl ori ne and 0 fﬁg'51EPQ9U%t%%bEEE8UQQrEQ W MBLL ., 20- As shown by the
3 nown eane Inpurities fromsilicon

expl anat i ons® above I's al'rea
melts with the aid of gaseous chlorlne sources. Thereby, gas m xtures
contai ni ng cht 0bbN& PYags Or aehlorddiesare 4 nméeﬂuae¢dmt@e£&11m Shanel t .
However, the inplenentation of sucg%tec nol o y |s very. co I&&isknce t he

chl ori né‘hasI¥J"B¥ i nt rodfcedrdrre |yW'ﬁFSl hé neft, “Which'is general |y
ef fect ed by rmans wiftlsnal $1i1ibes m&lEpew@¢WQLm02h¢eSaSThéréﬁéﬁ@tEQ

hormogeneous dist rihut Lon.of (Lhe,cblag | RecSuRigdhe entdredebisis only

possible to a mted reover, the apparatuses for in rodu0|ng t he
chl ori ne |nﬂéﬂﬁﬁ@-ﬁ@ﬂt”EéﬁoaﬂveF%e?ﬁl%ﬁfect the nelt itself, that is to say
that inpurities originating fromthe apparatuses for |ntroducing gas can

occur, Egr %QJeéanP$?? 063 Al describes a method for producing
polycrystalline silicon, wherein a mixture of carbon

and silicon is heated to form a melt and a gas

containing chlorine and oxygen is conducted through the
melt.

20
As shown by the explanaticns above, it 1s already known

to remove impurities from silicon melts with the aid of

gaseous chlorine sources. Thereby, gas mixtures

containing chlorine gas or chlorine are introduced into

25 the 8i melt. However, the implementation of such
technology is very complex since the chlorine has to be
introduced directly inteo the melt, which 1s generally
effected by means of small tubes or specific nozzles.

a homogeneoug distribution of the chlerine

ig only posgible to a limited

Therefore,

30 over the entire melt
extent. Morecover, the apparatuses for introducing the

chlorine into the melt c¢an adversely affect the melt

itself, that is to say that impurities originating from
the apparatuses for introducing gas ¢an occur, for

35 example.

I+ has now been found that the halide-containing

gilicon acceording to the invention i1s excellently



It has now been found that the halide-containing silicon according to the
invention is excellently -6 suitable for purifying netallurgical silicon,
to be precise in a particularly sinple and effective manner. Thereby,
according to a first alternative, the following steps are carried out: 5
m xi ng halide-containing silicon with the netallurgical silicon to be
purified; nelting the m xture and thereby sublimting out the 10

| mpuri Ui es and; ooyl ng.L Ne.samp: hgomd el Meld: dan ke fieem, of caeual

hal i des. Consequently, rather t in Lhe use.of a ga%gpu%.chlor%ﬂ§ﬂ§ource for
purifying t hBreRetal Far §i EaF C4FFeonY §4TPE%1587Fhe Case iy (He prior art,
sol i d hal i derg@ntiai ni ngesbkiicnn i ssari xed wittet heaieeahkbiygecal €18 icon to

be purified, _.and the resulti mxture i.gcnelted. As a result, the
i mpurities, Fﬁf%%?%?%nﬁ §%Eh5§%§ wetal's are sublimated out in the form of

chlorides for exanple 20 FeCl3, and thus renoved fromthe nelt. According

to a second @ terpatd veiofcdhe iusecaceqridiong wiaH hte meentlilangithe
foll owi ng steps. are carrie t: .25 nelting the netallurgical silicon to be

d
purified; i%%}Hﬁﬁbﬁﬁbﬁﬁhﬁwﬁég&Sﬁfaining silicon into the melt and thereby
sublimating out the inpurities and renoving the sanme fromthe nelt in the

form of met aIﬂ!lef‘éa:ﬂﬂ-r;jde@l'.xe3(11ﬂi:>«:ture and thereby sublimating out the

10 impurities and removing the same from the melt in the

form of metal halides.

Consequently, rather than the use of a gaseous chiorine
source for purifying the metallurgical silicon, as is

1%  the case in %the prior art, solid halide-containing

ailicon is mixed with the metallurgical silicon to be
and the resulting mixture 1is melted. As a
in particular heavy metals are

form of chlorides, for example

purified,
result, the impurities,
sublimated out in the

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 cut:

melting the metallurgical silicon to be purified;

25
introducing halide-containing silicon into the melt and
thereby sublimating out the impurities and removing the
same Ffrom the melt in the form of metal halides.

30

17 this 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
of the metallurgical silicon to Dbe

35  melt composed
impurities of the silicon

purified. By this means, toOO,
to be purified are sublimated out and removed Ifrom the

melt in the form of metal halides.



In this second nethod variant, therefore, prior m xing of the

hal i de-containing silicon wwth the netallurgical silicon to be purified

does not take place, rather the halide-containing silicon is introduced

directly into a 35 nelt conposed of the metallurgical silicon to be

purified. By this nmeans; too, inpuritie$ of the silicon to be purified are

sublimated out and renoved fromthe nelt in the formof netal halides. -7

In this case, the halide-containing silicon used is preferably

chl oride-containing silicon. .5 The_halide-contaiping.silico ed. can

preferably bé“hatitie- E8Rtai nityg g?ﬁﬁ?%nc\%‘l %Eé%ﬁ%t }?Ln‘giéﬁa o{s}?%%nceil ractions

m xed with SbrerfactbbnschBuchicalaggidigresy Eiilix2zn+2 where X denot es hal ogen

and n denotes 1 - 10, preferably 1 - 3) are preferably present (physically)

10 in the vacanci es of chlorine-containing silicon grai n§éﬁbu£ can al so be

fixedly Bondd8et d:&iidec6RTaEORENESISHO I chEffcai* boRGs L ¢ The* Lortespondi ng

hal i de cont ent1¢an-beneetend ned ixdquantitat i vedtntaoynet i thadtd=gril arsi ng

silver nitrate_(according to Noor)..J R ctroscopig.reasurements { ATR

t echni que, d%ﬁﬁéhﬁo%? néqlg{eﬁiefwég{’i on) ()f%%%hl ({)D(rﬁl de- cont ai ni ng silicon show a

signal at 1029igm&. Fhertn¥edsheyepshaépentdertdon FRBREFi de corftrent and

20 increasespasrihe,halide content brereaapsy ljreoeder fnachiaeve)good

m xi ng of the halide-containin SMI lcon witl éihqg ﬁnets%lwl‘%rogll %%Iaj%!sl icon to

be puri fied, 1pr ePer aBF Y grsnut arS 19 par ticCuar fine- 25 gra ned

hal ogen- containi agnsiltcanei §insédy banthiistecasalirhe gramd difZe¥is

expedi ently 5€ 0. 20 sRm The halide-containing silicon preferably has

a bul k densi}t} %%Er%lcleg%%%ﬁ to 1.5 g/cnB. 30 The halide content is

dependent on the grain size. The halide content increases as the grain size

grows. A further alteipabitvegof nhbecaet hadtaccordimgbeo theermiertion is

di stingui shed by the fact that the _hali 35, content. af.theyiepat

hal i de- ¢ont af'Ht tgltﬁetljivc?gﬁf used for“"“gl:!Lglﬁ %SQLQ%I . nrErate
{according to Moor). IR-spectrosceopic measurements (ATR

single reflection} on chloride-

2. The

technique, diamond
containing silicon show a signal at 1025 <m
intensity is dependent on the halide content and

20 increagses as the halide content increases.

Tn  order to achieve good mixing of the halide-
containing silicon with the metallurgical silicon to be
purified, preferably granular, in particular fine-

25 grained halogen-containing silicon is used. In this

case, the grain size is expediently 50 pm to 20000 um.

The halide-containing sgilicon preferably has a bulk

density of 0.2 g/cm® to 1.5 g/om’.

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

halide content increases as the grain size grows.

2 further alternative of the method according to the
invention ie distinguished by the fact that the halide

35 content of the halide-containing silicon used for

purification is set by means of aftertreatment. Said

aftertreatment preferably takes place under vacuum. By

of example, the chloride content of chloride-

way



purification is set by neans of aftertreatnent. Said aftertreatnent
preferably takes place under vacuum By way of exanple, the chloride
content of chloride- containing silicon of a specific type (grain size 50
pmto 20000 pm (w thout screening) chloride content 15% was reduced to a
chloride content of 4% by baking to 115800 over 4 hours. Suitable
aftertreatnent nethods 5 include, for exanple, baking, baking under vacuum
conmi nuti on QBn%%&%@Hanili&o:ha@f bees. & ound:- t hate gooda resal 15 M tanr egar d
to the purification of netallurgical silicon can be achieved.10 according
to the inventPort W‘thotit cBhiplT'Cat 8d-devi ces for Sintrodicing gas i nto the
melt. |n thi sasasecdieedarti cal ahyldsaey merakstwere &3 ebyo WeFefroved in
the formof chl giiges Lomiheoelt im;deommhetelyreatistasianedanner. 15
In a further "enbodi ment of the use according to the invention, the nelt is
repl eni stfed WRERUAAI | derCorfPa iy sPPFEaf: | AREANE cdeST " AT T's taken
to mean the aBhtiigeRSbStdNg@fediegm xture of halide- 20 containing silicon
and silicon to be purified, or the nmelt consisting solely of silicon to be
purified. In both cases, by neans of the "replenishing" perforned, the

cor r espondi ngt pusEf beati 6AupEoEess @Qﬁdbé@§éEFSfﬁ%téxéﬁﬁﬁédrégdﬁﬁg%ed or
begun anew. - 25.Yet.another-enpedh ment i ek1t he wuserof cdhebknveemntisard s

di stingui shed by the fact that the nelt L% honogfgga%%.tggi%e%%Qege
effected? f XML, CBy “HEanE oF “aght 4rT6R"6f TheE msftr i noparticul ar by
cruci bl e 30 fet atinarpduséngf gasstimrer thet aie Howedar ,thtilse ¢&td. ca® al so be
homogeni zed sipl y, by, being.alloued 40,5t andef of, acSubhibckenistiowe, such

t hat SU|tabIe:%oaneanat|Q arises by convection  in this case, 35 The

puri fi cati orf@dcordi ngFRIeRINES nV&Rfi oif'€an™e fuséd, n ﬁ&PP?EﬁF ¥, in S
crystal | i zatdon Jreiheds, rhereexanpl e in ingot casting nmethods, Czochral ski
nethodsHSEFG nmet hods, string ribbon nethods, RSG nethods..

Tr a further embodiment of the use according to ths

invention, the melt is replenished with halide-
In this case, “melt” 1s taken to

of halide-

containing silicon.

mean the melt consisting of the mixture

20 containing silicon and silicon to be purified, or the

melt consisting solely of silicon to be purified. In

by means of the “replenishing” performed,
for

both cases,
the corresponding purification process can be set,

example readjusted or begun anew.

25
Vet another embodiment of the usge of the invention is
distinguished by the fact that the melt is homogenized.

This can be effected, for example, by means of

agitaticon of the melt, in particular by crucible

30 rotation, use of a stirrer, etc. However, the melt can

alsoc be homogenized simply by being allowed to stand

for a sufficient time, such that sultable

homogenization arises by convection in this case.

35 The purification according to the invention can be

used, in particular, in Si crystallization methods, for

example in ingot casting methods, Czochralski methods,

EFG methods, string ribkbon methods, RS5G methods.



-9 Thereby, it is used for purifying the Si nelt fromwhich the crystals
are produced. In the ingot casting nethod, nulticrystalline Si ingots are
produced by crystals with a width of up to a plurality of 5 centineters
being allowed to grow through the entire ingot by neans of controlled
solidification. In the EFG net hod (edgeidefined filmgrowh) an octagonal
“tube” is pulled fromthe silicon melt. The resulting multicrystalline tube

is sawn at thg.edges and 319 RIsegessed mﬁlqgfmnwaf ens. din kde: starang ri bbon
net hod, between two wire 5| bbon is % he SI C)ltcog @ng In the
I'bb by a

RGS et hod (W}Pb%nt@?oﬁﬁ%ﬁ Substr at'é C:Lu?fer Con ari se
carrier matenéahodei ngrimmivedsuadéina cEdci bhaowkt hallﬁs @W@Idsmb}f'net hod is

a met hod si ngj:g %ysst qﬂ§tﬂme£ ei s @crystal ybs pul l gd frnomstheysi Idfcon mel t.
Under pul ling rotattonal novenents, a cyli ndr| cal SI | i conm%l %g

crystal deposttbitrrarcrysta¥| PréC¥Bed. t20IERENI I | ogenat ed
pol ysi | ane pyQguc pﬁ@&{m &herdrealdly eian sZFil’&:hElff:@ltlib@f PEStias EFG

conti nuously |ntrp dr opw se ;:n Jreactor, t on.zoneof which
was kept at & tprf%ossu?“g(-q‘?)f }ﬁ'h% togn% aatrurggo%gé‘%éireagtgl on zone
was kept at ¥50QuAlsd| | @rgmamﬁhar éﬁd«lm%ducfﬁebtbt ai fe8l wasSEshEFAuous! y

extracted from.t Qq}fsec%qtiogle 30,84 d &nd QéQﬂUCtatbel*ﬂ@ siédgan hasiing a
chloride content of at, The chlori ngrPCOQt a| si | %Oh ob%g Qed had a
bul k dedsi t)LDIESEIfcef.SfS1 gt/%nqo%d"’ Ted cof or© 5! I\/E:& PiPatent - d ai ns
1. Hal i de- capmicRimmg @y anltes  si hibbnnobtsalmé!cﬂdﬁ/ from the silicon

melt. In the REE method (ribbon growth on substrqte) a
arises by a carvrier material being

ribbon of sgilicon
silicon. The :

moved under a crucible with liguid
Czochralski method is a method for producing silicon

15
single crystals wherein a crystal is pulled from the
gilicon melt. Under pulling and rotational movements, a
cylindrical silicon single crystal deposits on  a
crystalline seed.

20

Exemplary embodiment

Halogenated polysilane produced plasma-chemically in

25 the form of PCS was continuously introduced dropwise

inte 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 scolid granular end product

obtained wag continucusly extracted from the reactor,

30 said end product being silicon having a chloride

at%. The chloride-containing silicon
and a red

content of 323
obtained had a bulk density of 1.15 g/em’

color.



t hermal deconposition of hal ogenated pol ysilane and 5 having a halide
content of 1 at%- 50 at% 2. Thehal i de-contai ni ngsiliconaccordi ngto cl aim
1, characterized in that it has a bulk density of 0.2 - 1.5 g/cn8. 10 3.
The hal i de-containing silicon according to claim1 or 2, characterized in
that it has a grain size of 50 - 200001ﬁn1 15 4. The hal i de-cont ai ni ng
silicon according to any of the preceding clains, characterizedCiShi.Phat it
conprises hal osilanes (SinX2,1+2 (X - hal ogen)) in the voids of

hal ogen-contai ning silicon grai nsPawdrer efYaims 10. 20 5. The

hal i de-containing silicon according to any of the preceding clains,
characterized in that it conprises halogen chemcally fixedly bonded to S
atons. 25 6. ThdaRarkedecedntiailnicng wsidnvcer actordity tobaaynef the

precedi ng ckakhgaicharactetiszedoin bhat nkt genkaias chhokide, .30,7,4A met hod

for produci t he hal i de-containin
P qy Bgving a %aque contentgof 1 at% - 50 ats.
2. The halide-containing silicon according to

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

of 0.2 - 1.5 g/cm’.

1¢C
3. The halide-containing silicon according te claim 1
or 2, characterized in that it has a grain size of 50 -
20000 um.

15 4, The halide-containing silicon according to any of
the preceding claims, characterized in  that it
comprises halosilanes (SinXoniz (X = halogen)) in the
voids of halogen-containing silicon grains, wherein n =
- 10.

20
5. The helide-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 c¢lalms, characterized in that it contains
chloride.

36 7, A method for producing the halide-containing

silicon according to any of the preceding clains,
characterized 1in that the halogenated polysilane is
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% is obtained directly in granular form.



silicon according to any of the preceding clains, characterized in that the
hal ogenat ed polysilah.e is thermally deconposed with continuous addition in
a reactor and wherein the tinme profile of the reaction is 35 selgstigd so
that silicon having a halide content of 1 at% - 50 at%is obtained directly
in granular form 8. The nethod according to claim7, characterized in that
t he obtained granular silicon is confiﬁ&uély extracted fromthe reactor. 5
9. Thenet hodaccor di ngt ocl ai m7or 8, characterized in that the hal ogenated

pol ysi | ane i8s i ntiheducethddt ecthedieactor cdrdpwi €. chardfteTheeaethod
according t ny of, cl ai; 4 9 char erized in th the thermal
deconpositigﬁgfakggmbnggﬁﬁﬁm%Qtéﬁg%géf%?qughéggﬁf égoccgEE28§b??y 11.
The net hod &ECHREIERE 116 C8l &l 1@ 2célhdracterized in that the tenperature for
t he deconposition of the 15 hal ogenated polysilane is | ess than 400C.

12. The ggtgod ac grding to any of clajns 7 to 11,1 characterized in that
t he t hermal decon% §iti OR‘HRes 2CCOrBiAe dt°a pricsSure of 26-3 fbar to

300 nbar abouer20tatmmspheihc pressure: hildogthetret hod 1aecordiengito any of

clains 7 to;12 racterized i hat _an_inert gas atnosphere, in
particul ar é%ggﬁgg?ﬁgs%ﬁ%Pe?ngQﬁ%ﬁﬁ%ﬁiﬁgapVﬁSEHe 25 reactor used for the

thermal deconposition. 14. The nethod according to any of clains 7 to 13,
characterized. i nrtbat,dihe halide .content,of; the Jhal j.des gontai ningy silicon
obtained is set bg aftertreat nent of !

10 characterized in that the thermal decomposition takes

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

i1. The method according to claim 10, characterized in
that the temperature for the decomposition of the

halogenated polysilane is less than 400°C.

l—n.l
n

12. The method according to any of claims 7 to 11,
characterized in that the thermal decomposition takes
place at a pressure of 1070 mbar to 300 mbar above

20 atmospheric pressure.

13. The method according to any of claims 7 to 12,
characterized iIn that an inert gas atmosphere, in
particular argoen atmosphere, is maintained in the

25 reactor used for the thermal decomposition.

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

30  sald halide-containing silicon.

15. The use of the halide-containing silicon according

to any of the «c¢laims 1 to &, for purifying

metazilurgical silicon, comprising the following steps:
35

mixing halide-containing silicon with the metallurgical

silicon to be purified;



30 said halide-containing silicon. 15. The use of the halide-containing
silicon according to any of the clains 1 to6,for purifying netall urgical
silicon, conmprising the following steps: 35 LLP - 12 - nelting the m xture
and thereby sublimting out the inmpurities . 5 16. The use of tfeSLLP

hal i de-containing silicon according to_any of clainms 1 to 6 for purifying
nmetal lurgical silicon, conprising the ﬂglromjng steps: nelting the

nmetal lurgical silicon to be purified; 10 introducing halide-containing
silicon into the nelt and thereby sublimting out the inpurities . 17. The

use accordi%glkgaggﬁﬁﬂél§nf§t%¥% %ﬁ ragﬁ§£é% d.%ﬁbfiﬁg £Qe C)ﬁicﬁhéontains

hal i de-containing“silicon used is halide-containing siftcon
haThsi | ane fragfiiénssm-xed with Si fractions. 18. The use according to any
of claims 15 to 17, 20 characterized in that the halide-containing silicon
used is halHde-cgntaining silicaon which contains hal ogen chem cally bonded
to Si atonsl®: 19 ¥RE (e AECOH MG 10 iy 'of ¢l & AEC18 £6C28d1ng
characterized ianit hat grlenuhar 1 itopartfeul anfimergr ahBediiurgical

halide_contgkgkngn§ikgﬁggigﬁ 8s%ﬂe following steps:

melting the metallurgical silicon to be purified;
10
intreoducing 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 51 fractions.

18. The use according to any of claims 15 to 17,
20  characterized in that the halide-containing silicon
used is halide-containing silicon which contains

halogen chemically bonded to Si atoms.

19. The wuse according to any of claims 15 to 18,
25 characterized 1in that granular, 1in particular fine-

grained halide-containing silicon is used.

20. The wuse according to any of claims 15 to 19,
characterized 1in that the melt is replenished with

30  halide-containing silicon.

21. 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 claims 15 to 21,
characterized in that it is used in 81 crystallization

methods, in particular ingot casting methods,



20. The use according to any of clains 15 to 19, characterized in that the
nmelt is replenished wwth 30 halide-containing silicon. 21. The use
according to any of clainms 15 to 20, characterized in that the m@bgﬁﬁs
honogeni zed. 35 22. The nethod according to any of clains 15 to 21,
characterized in that it is used in Siégrystallization met hods, in

particul ar ingot casting nethods, - 13-- Czochral ski nethods, EFG
met hods, stringri bbon nmet hods, RSG net hods.
Czochralski methods, EFG methods, string ribbon

mathods, RSG methods.



