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Background of the invention and prior art

The development of new techniques to utilize renewable, non-polluting sources of
energy is essential in order to meet the future energy requirements. In this context, solar
energy is among the most interesting energy sources.

Silicon is a critical raw material in both the electronic industry as well as the solar cell
industry. Although there are alternative materials for special applications,
polycrystalline and monocrystalline silicon will remain the preferred materials in the
foreseeable future. Improved availability and economy when producing polycrystalline
silicon will increase the opportunity of growth in both industries as well as increase the
use of solar cells as renewable energy.

In order to produce silicon of sufficient purity for use in solar cells or electronics,
methods for chemical vapor deposition are now commonly used. Different versions of
the Siemens process are the most widespread methods for CVD used to produce
polycrystalline silicon. A silicon-containing gas, such as silane or trichlorosilane, or
another gas, such as hydrogen gas or argon, is fed into a vessel and silicon deposits onto
a resistance heated rod. The power and labor requirements are high. A more detailed
description of the process is given in the patent publication US 3,979,490. One of the
problems with today’s CVD reactors and particularly the Siemens reactor is that they
utilize only parts of the reaction gas which is fed into the reactor. Much of the gas
passes straight through the reactor and escapes from the reactor as part of the residual
gas. This occurs due to the fact that it is only gas diffusion that drives the reaction gas
inside the reactor. This results in a slow gas flow and much of the reaction gas never
reaches the reaction surface before it escapes from the reactor. In order to avoid wasting
the unused silicon-containing gas, the exhaust from the CVD reactor needs to go
through a comprehensive and costly cleaning process.

Another less commonly used method for CVD is fluidized bed, wherein silicon seed

particles are surrounded by and kept in an ascending gas flow, as the gas flow
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Di f f er entwoensimwesoof the Siemens process are the nost weaespRosadosset hods
for CVD used to produce polycrystallime silicon. A silicon-containing gas,
such as silane or trichlorosilane, or another gas, such as hydrogen gas or
argon, is doamprises sli@nvamsehing gds, Sidm wbivhddposicas deprst oata dsiseadpaeiecleeat ed

rod. The pqwer, and | abor r irenments .are high. .A more detai L cription
of the pr g’g@ﬁ“’?‘gagﬁ 3béﬁlqgﬁﬁgﬁh“§§?ﬁ’ﬁd ISt Yaégﬂr%’ﬁe H‘gag,ng)f ﬁiﬁggﬂlc ganof the
probl ens VHePGsiE, QAsh habl¥PiHeSREEBNIRY 8fcRasdd Md|cBhlidudub produeti®ings welhgd or i s
that they utilize only parts of the reaction gas which is fed intg the
reactor. Nowkr erergyrongemptiens Soaveyer, aipmsticaland sinple ey rte Repg pubpaitidet apes
fromthe r tor_as t. o he .resi .0as. [ § t:0: t fact
that 1t 1 argie et koS faldD SO in oFal e SR RN iR
reactor. TkBiconticlShd ptitld siesh a\lugfiged Bedueanst, andin isofery hardrte acittradthgas never
reaches the reaction surface before it escapes fromtﬁgtﬁéeact(g){thigl n order

to avoi d whgtibwipn ofahepartelgs i the opsratiphfeartor nigiegingve ey romthe
CVD react r 9%2{ ' iLYibGli &R @

pr ocess. %%ﬁ%?ﬁfegggg%g%%{g%ﬁ%% t hod f%lg%e(lfﬂ%}?tg%sﬂhh?ld[ zled bed?

wher ei n sidepostiorsefsiligar The nethadrrequgtes rdding edwipartinies frarpoutsideaor smalkndi ng

gas flow, as.the gas flqw 2 copprises siligonscontaifnin s, f.rom which
silicon caiﬁ‘“bcaﬁofg g &qrﬁ%“%re %&pffaiipﬁ‘sﬁle‘l‘if@m%‘?/%ﬂﬁg%é’%%fdeusslln?\%e this
fluidized Redn § thhRa¥@p las Wl RGRe AERForPHH halipaeticled thaCddukidnciéapradai t,

whi ch enabl es the possibility of increased and continuous production as

wel | as | oivess ragnaespt thosammme epntralbngmeny parapetess ivdugh kasprayergp devay t o
bring out particgles that has..grown ffJ Cl hS; jeve in
or acti co. o bfiiERrbe oPRRGHL SV it ol Gosfitbl protRER T iRl Bed Rl 2

f1ui di zed ibeaght paticled rovatdgeitier ikl pradyallydnetkt the flaftizavion b evetlias unvbnttd on  of
the particles i n the operating reactor. The uneven distribytion of the

particl es depputiesot slicqn gyp heaprer suHreaR oA g rRacier andnozElgy W _'?ﬁ)‘@“ﬁ‘f g

di stri but '@Qzl@ggncﬂﬂg gfcﬁﬂsv'oithﬂﬁoc}:flo ,'tl!lds(\s%sbpiﬁg'tﬁe BRIdueGod. ghkipklerAddi Ng new
particles Trom outsl ée, or sma particles formng in the reactor during
oper at i on.disduesedrimihegeeentd publivagen bk 4.8 18.425, icolutrine?, bive #Ontosolune3 ylegct or, as

well as the addjtjon of snull.parfi t should increase j,n size,
requires a%O’FPFgmsthﬁEatFVWEB?H‘ﬁba[#isrr#dgﬁr)é%iy F3F BREPIE AL S ?‘8}13 nggoup#l oven to
be very hafdciRioRAGtdieds fOPEVRE WRR a INRfizihl BBd af SpIRRAar QlibaRhi
fluidized be%l I;rheact_ors I S t hat particles ggow‘tog_et her and gradual |y bl ock
the fl ui diwell asepesationgiaranaeiers hovethe prpdyetisel silgenomeliding.gas ngNEBES: he | nner
surfaces of the reactqr and npzzles i ayses the nozzles and the
react or vo?%ra{%esgtﬁﬁg?potsﬁﬁ%mg?rglﬁ%fnnsga klll{élnba(rﬁggléjcti on. The problemis
di scussed ARof@nirbiBH WithlodagkICWD HSctbr8ik8hatSmallatliconmdug, paricies, 46, t o
colum 3, line 20, and in the patent publication US 5.810.934. These
]Pfit ggj{ s al@ﬂegﬁﬁﬁsgm faffﬂ%ﬂ&ﬂ%‘hthﬁé%ﬁr?g%HCWL}?&‘%WC?@&.S D Wwth ?
urarzin Hi to%ered&ion sArfall) WhidH & deehdMet ers
for the p?%%gcpﬁggno%&gﬁ{e}a?@g& fﬁ%cllu%ngogag rri>?turaéls, tenperatures for
depotsi ts awhi?ﬁsmgﬂ)l mwl lo&in_@tls !fcbmi.tTahtsiecnmall sfl_i@mrpml i lmctb?(?rdﬁp&izsptmm@ﬂay' sf CvD
reactors is at s i licon.dus articl S0-.C e i nes re formng
i nsi de thefeii%@etsaffg&?ﬁfl e¥@pt ’EOIF‘ftﬁfff? Ctaéé”ltﬁgﬁ%ﬁé@ua]ﬁsg%%ﬂ%% iﬁ?’f’%n
t enper at ur &bk Lcdnbidembid A86unk Of AliESRehicARs Slided ©ly 100 eRalmaikt@gcur when
smal | gas vcr)lrt ices fnolrm These smal | silicon particles do not deposit onto
t he react i Biersisref nacd Sorancaliesmtive echnelngy Whichdaed vantagees Wﬁ]érqgéf:ﬁ @PEF gas.
Over tine, fines onstbtute a i.derabl e amount of silicon which is

utilized oMifOESBRAPPIEMS né%(“tﬁ&ﬁ%}fabﬂ)fgre is a need for an alternative

t echnol ogyTHdweh id parasl¥pmageaumvehtidh, fagdtich DgnsteeEngine@ing apbliehfrar obl ens
nment i oned above. e need is partially nmet by an_invention, for, which

Dynat ec ErpfterseniMey 2pp0PRdatest applisatiemNOoP O] 13 95aid airygntippproyides a
applicatio 17..19al. 6. i i uci ng
silicon byr g errnf%gg?()d\%/lé%%rm@g%% ictH ?@%tdl g%r?g??%qsﬁgﬁé@?%g%ﬁ% 55%8{9r \%)l(lggh forns
a vessel , wahichdasis Onssdldtdtast are ialet farailicoonbataniinggasast, least oheastict ané

outl et and at | east qne heating dev%' ce as a grart of , or, operati V%J X.arranged
to the readtleastong hgafipg de\jee as a part of or operatively arranged to the reactor, distinctive



WO 2011/ 065839PCT/ NO2010/ 000431 3 in that at |east one main part of the
reactor body, which part is exposed to chem cal vapor and heated for
deposi ti omoab1igicks3eon onto said part, is produced from PCTANO2HA®IL,
silicon. The aforenentioned fundanmental idea of the reactor is that all of,
or a substantial part of the material exposed to silicon-containing gas is
made of siihitiesnt leashoanmirepars bijthefreasiqgtbopurwhigh part 1sanx<pp$wdrt0 chemical

non-contam natin at _deposi [

del i ber at e‘fay%%ﬂﬁig[l?g%ggﬁ'i 3%?%‘8“9&@8%3’%%@ path lerr%tiucg nrg%ﬁe (%r obl ens
concer ni ngifidyg. separation of silicon fromother materials, as wel | as

numer ous of the problens concerning clogging are avoi ded or reduced. At the

sanme tinme, Th%@@mnéomdrﬁ}n@d@ﬁﬂﬁalml of ghsseereipr istthatalliodrorpoinbstatial @ag0ér can
be built er However ,
There i s B¢ ERCHAT bidsed BSHHABaBng BES HERICT fiR0h 2BV BENHT o DIBYCL
of the i nllﬁgh paritynér anetet Aon-conthDinAf0g nidicibl, mGﬂctﬁaSwa}Dtlmn;lemmrtionclﬁ lar flow

patterns except of fluidized bed, and the objective. aréﬁﬁ’ge prebﬁent
i nvent i on Sikconglefiberatehy canhscopoklgdatoasgus it saie mafat YORERO B duct i on

of silicon, géfmﬂ?rtﬂe %:Tgaltalﬁgn PYGRSA ﬂBmT&ﬁerq{?it%élk 8 well d¥BluntdYodshe thenvent i on
providing a reactor pro uct|on of l'icon, conprising a reactor volune,
di sti nct i yeoblams lcatcetiing cbggmgrar@mmpiadst&seduced sAtgpesané vglleythalreraafng@d}’t o at

| east one ans tLi a silicon-con mn r eac for herri cal
vapor dep t}oé‘ﬁlfl(‘lsﬁgﬁlt’ieﬁ?%hro&%‘f’ p‘irr‘@? 2 ‘f"llu é’£8’iai) “means
for setti %aﬁnébdﬂ BeO4xhfeRBd. FIWAGr, [tB&6 §d ﬂfldé;t@ﬁpﬁi&f n&h@ﬁu@ﬁbns\/a%ﬂ@anﬂep%l tion
(CVD) into rotation in the reactor volune is preferably a notor rotating

the react mamommtmeowapm of e inlet lorthardagier in NGO 21 11.joses Ky 3ngenent s,

such as several i n t r angled
inlets and agtb urllar{lfpnog S‘[tee%ne nc%@e&c% gr%1 ngﬁ%e% ﬁﬁ% g{ddtﬂg‘?ﬁﬂgEtP\éetaéc}ﬁhé gt|ae§élgr ef erably,

W th the iinR&itionus foamﬁhemﬁtpaweahakdaytosyﬂmﬂmrmah@cbﬁmtprmiunnomomhmn such as a
vertical or horizontal tube with circular cross-section, in order to
achieve an even flow pattern. The reactor can be one out of two main

enbodi mnt%!lg!ﬁg&%ﬂh@m@&ﬁtwn standi ng, non-rotating reactor and a rotary
react or -rotating reactor, the gas is put into rotation by

angl ed i nl Biespbjacdive $s mntcii}mhestplennomgroeicﬁn@mt@ptor rﬁorsmcduca’omﬁsiiih@n t he gas
obtains a tangential velo |t§(§ ?nent apg ach eves a helic Batp i nsi de
the react orOMROISHIRE o0} 1 f‘txl[}P 1% i it e CS?IPB?ﬁTWéﬁ %‘?ﬁr '$used for
rotating then é‘(ﬁfbté?'leasmrrﬁ@ailstf&esettﬁigﬂi siG@h-tdhiak reeaby gafor thengiasl rot at e

with the reac and the inlet
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The means for setting a silicon-containing reaction gas for chemical vapor deposition
(CVD) into rotation in the reactor volume is preferably a motor rotating the reactor.
Additionally or alternatively, special inlet arrangements, such as several inlets on an end
plate rotating with the reactor, angled inlets and spinning elements, can be employed.
The reactor is preferably, with the inner surface, rotationally symmetric about a main
axis, such as a vertical or horizontal tube with circular cross-section, in order to achieve
an even flow pattern. The reactor can be one out of two main embodiments, namely a
still-standing, non-rotating reactor and a rotary reactor. In the non-rotating reactor, the
gas is put into rotation by angled inlets, vanes and/or spinning elements, in such a way
that the gas obtains a tangential velocity component and achieves a helical path inside
the reactor volume. In the rotary reactor a motor or equivalent is used for rotating the

reactor, whereas the inlet can be stationary, or it can rotate with the reactor, and the inlet
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del i berately ‘deposit silicon
the great difference between the mass of silicon-containing gas and hydrogen gas,

typically, silane weighs approximately 16 times more than hydrogen gas. According to
Newton’s second law, which says that force equals mass times acceleration, the heavy
silicon-containing molecules will be exposed to a larger force than the light hydrogen
“molecules when the reaction gas is set into rotation. The rotation causes centripetal
acceleration or centrifugal effect which results in a very effective separation effect and
the heavy silicon-containing gas is pushed outwardly towards the reactor wall, onto
which the deposition occurs. The reactor is adapted to controlled filling of deposited
silicon, and therefore, at least one main part of the reactor is produced from, i.e. made of
silicon or comprises an inner coating of silicon, such as circular cylindrical sidewalls of
metallurgical or CVD silicon, or an EFG silicon tube or similar. More precisely, the
reactor is operatively arranged to at least one heating device, which deliberately heats at

least one part of or the whole reactor wall, in order to deliberately deposit silicon by



5 CVD onto the wall, thereby conpletely filling the reactor volume wth
deposited silicon. In this way the whol e reactor or the sidewall thereof,
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t he suppl yrheHggabris adiypnfageeusty firmed epa cy .curanggdd eemtierd loe bottitnatanelitipl at e a
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reaction gas. One or more inlets are arranged on and/or in dlfferent distance from the

rotation axis, and the end plate can, for example, be sealingly and rotatably arranged to
a supply chamber for reaction gas, as an example the end plate is a rotatable top on such
chamber. Alternatively the supply chamber can rotate with the reactor, which makes the
end plate a partition wall with nozzles between the supply chamber and the reactor
volume. The outlet can preferably be arranged correspondingly. The end plates are
preferably made of a material having lower thermal conductivity than the rest of the
reactor, such as or alternatively a composite design comprising materials of different
thermal conductivity in order to better maintain a reaction temperature of the reactor

wall.

In an alternate embodiment the reactor is formed as a vertical standing cylinder with a
circular or in substance circular cross-section, the sidewalls are produced of silicon of

high-grade metallurgical quality or purer, and one or more inlets is or are angularly



arranged in a bottom in such a way that silicon-containing gas injected
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bat ch pr ocE&snvagiop _ Arevidesa E‘Fﬁ‘ﬁhi‘_’%ﬁ_gp{i‘b“é’t‘)&t‘) I59£8%§6§’ i’l?oéglgmﬁltbm{ he

react or waljy/h¥1daiagior %lsilié%HQ{)ntgﬁﬂ%S%ats', R feBetdkEdtorlingY thé Blvehtich,
cross-section of the reactor in substance grows tight, whereupon the
contents ofistintetive bpsttting asiliche-comaining rsagsiont gae forecheminal sanpr dppositeaict or wal |
can be utilized in further stages.in [ . [ ' of _silicon
for solar @e\)lzlf) lgh)drlog logllléséger%ﬁ?%acboﬁrv Bgusnges}?g%%g atlﬁ%%@ﬁ%ggg%h%%s 1toﬁe react or
i s rotat etachievihgBatR Fotatthte picferbble u8in@rcRE®R e e cwalingarallebasi/dr seriehe
injection flowis directed_in such a way that  the silicon-co trCS:Jni ng gas

fol | ons a Hep means that whikt siigor Hedeppatitad eameragine dhrrerRigE AidrPIC feYRr abl y
along the Jftdting pae Ol at NG EarPlr, bRECHERHIGSE h{UficBh EaMRAMind WaMdnON al SO

provi des react or accordi ng e“invention, for producing silicon
and/ or cl egRiiget ints rdthtban poderablyrtiyngeans ac tiramgegeentssu pp finletdfof reaptiat gasr

reactors accordi.ng to the i.nvention or, other .t of CVD reactors, or the
gas is oriFHPATHY FelhoPHRS ﬁ@dﬁ‘?‘é‘érs&he 9P6Fﬁté°%$f§§%ﬁ€_°‘i°mﬁean?ﬁ% rﬁﬁﬁsds .

further on,tig 4 HHERLGRDraCEOhH RErhoa MACRPARedl 11, with a reactor in which
all of or a substantial 'part of the material exposed to silicon-containing

gas is produced from made of a non-contam nating material, preferably

gas i's produced from made cont ari nat i al rably
can be cortre] B eByelibs i bereh i O bl Qb Bl chaRtaOBRP P Tt Y

di stinct idepbkifibn ih&ickial waohatche tisssdtfion @f el roact@raa substart growotighnf at i on
around the center |ine of the reactor, by rotatjing the whole or parts of
t he react owhergypinghe pontentaaf the reagiar og ke Gomtents ¢fdhe eaetopand e seastrra¥allipwar d

sl anting h&h%eil@ili%%kgin%}th%%eghﬁ% ﬁlrocpéé fUlS#ﬂBQu@tio?mf @il%bﬁ' 5 Yolar YoEN

enpl oyi ng upwa nting hol%es, e reaction gas Is fed into the reactor
in such a amljortehatros@ipiryass. Midshadentagoatshy thegeaptdrtieratated bpn meot, due

preferably a helical path. Thus, the gas. obtajns.a,vel ocity conponent
t angent i al torthe ?gﬁéﬁni“’é‘é‘efl CasES POSSIPIY Hnlgc‘i}\%ﬂ/h?‘ﬂéi d‘i“f"t‘?déf‘éi{%lba g@?ﬂ rr%att he
val | i nsi dge fiRoh-886thRing s fbIGvSARRIdal PRA aBnyehd ilnlﬁéil wHEbOGE kdactRPONENt

will force the reaction gas upwardly along the wall.
preferably along the total length or height of the reactor.

The present invention also provides use of a reactor according to the invention, for
producing silicon and/or cleaning a silicon containing reaction gas supplied from other
reactors according to the invention or other types of CVD reactors, or the gas is

originating from other sources.



When enpl oyi ng upwardly inclined holes, the reactor will, in its sinplest
form constitute a closed vessel with cylindrical or polygonal shape, in
subst ancewpnoduwesssof r om made of silicon or anot her non- eQWNDZOTELD43Y
material, which is utilized for chem gal vapor deposition on the inside
wi thout silicon seed particles or fluidized bed. The gas flowis injected
with a sloping angle with respect to the horizontal line, in such a way

that it agquires a velocity c onent, t.angential to th an, upwar d
vel ocity YRk mi‘"?f‘t'toﬁé’“ﬁg%%f oFr g lﬁ‘éegﬁfm B‘V‘\‘fqrémgi%ﬁi%dgtﬂgqf‘gg%t or in
such a way, £fabr ihtwHittPds o PbONGIbEARINPalt P thd DRtefifiakpoiedandilieoni eves

rotation about the center line of thé reactor. The reactor can be stationed

in a heat icogtautimgriasris ptadwesdefrom/madgddiatriopreontantinating mategialoprefrsatly high- 5
heati ng chanper.,. a heating deyi can b ragj ' n or
out si de tl%é%esé&:cto& nspgh g, (%?h%tglr%p?%éo% (gfeascﬁ)cﬁgﬁfegg‘éqja 9% %Iad%%g)ﬂtr{bft?%det%
rotation, dcb@ Jnea6di@matcgialy. The padsdnt ileatiedl isdistireain that tht silieot-sonhiniiy
follows a helical path outside, around the reactor. Thugl y,. the_heat can be
cont r ol | edeaction ganisgehigtnotation arounddheiesmirsiline of thegragiere by ftplire Becur in
such a way it h gl J I QL A/LARY Yeel i depasd fefdoPituohiiase parts
of the mﬁﬁoé‘[ﬁ%rs%%@ o?gﬁ%%g&ﬁ%%%g&é egprgl ?g.dr%gnsequent I 3(;, t hegbdeposi tions
wi Il for mpwaed slastingdaidinshe bbttorh Iplat@oobyt isengyaspin elemeeinht\When ergplioymgupwar d
rotation in the reactor. The depositi .wi |l conti.nue .al ong..t he .whol e

wal I, mhoé@wéf‘g%laﬁf%dt?éqs_l’ e\iFgqtion gas ﬁgg‘il%h‘et%ac[tw«amﬁgﬂ %glagghaéffégggsur face
of the valdyiderdfRRAL hORIBEGHI, pofetdbly ARelval pathaBh@! Gerpasobthinglat t hat
it is not possi b?e or economcally justifiable to continue the process. The
WO 2011/ 065R8EPCTMNORML Gngowirs to heaeactortveale ibfuchasthnigat iheotygsalengihei n a
helical path alang the wall s that it wl] . 1 e
conpar ed W athnm gg %ﬁ rSWtﬂbA&iﬂFeeS@fI}e? H{lfﬁivixi/a\)rgl Lcal gfﬂ?é%% %&naéf\%ggf‘ggg%)ﬁ%qu t hat
the gas Wirkdctibg chelupwaiBcilond the vaill. ar ger area ont o whi ch deposition can
occur, and it will spend nore tine fromthe bottomto the top of the
reactor. This results in the possibility of depositing/liberating nore of
the silic ' vJaP(ﬁ inl | 1Rrehb8r GRS il s kinfbdt $km, AN
alternati \C/\gh%lgelgpg’zg%ﬁlﬁg t g% E?Hglgy’e{ orr emeflti o’r%ed igﬁﬁo arrange a

spi nni ng &loasttote d dlode essel with cgliradricaborapadygonal shgpe lie sebstance prodyesst r al

inlet. Arrangjng the_ inlet in such a way is a preferyed.enhodinent in that
changi ng (ffqrg)é?ag’ﬁt"??‘llﬂ%? gr %QOB@P?%P%@&‘%W#W’ ‘ﬁ{‘f&ﬁ lse‘?tﬁ&gfi ?&Spi nni ng or

spi n el eMeik$i GRS depoiIFEsH @E idsideWitowd il Se¥ld papieses omiffuidisédibdde tracks
and/or rotors, and are considered well known in the art, and will not be

further deBergabdowhisinjeeted With aslqpingianale with respestde theiprizaptalline. insughe | s

assuned to be the. occurrenc f a cent 0 Wy 1 eparate the
reaction ¢a%® h’ﬁ?gflﬁ%lf‘ref 8rveg)§§8§f”fn?8rrlle§1 kagl%%@i:all}? {l]tgﬁ%ar e gu%g}tlﬂpk)&lgriuf ficient

si | i con- coplcwityicagposat in e reafornEhé gad Rov aafee this ithd eactomial such Afsagrthathe
depositions have occurred, the remaining gas, poor in sili co:l}né\g*ﬁlo termed

si | i con- pdbfloweslogg e walk pf the geackns agd schiprsaetp 1?’6*“?9%"1%‘? TS € 1In
pass the sFftei e AERRTI RE e hoaRIARELE MDA, i audaR: ipeds to
Si | i con- cdiduaifiveity igaheatidgschatrbenachesiihg dovicerdaotberopactively agrasgedi is, oreavi er
than the silicon-poor resjdual gas, whi.ch remains after |jberating and
deposi t i ngPTtNEsIds ‘E‘F EBOT AL X refg%l‘i‘ﬁ Feactign ag g myatamt glrﬂ)tg{‘%{htﬂ?eaﬁe? “h&avi er
than hydr g& rﬂﬁihem Bh&Bing bichithRSwhibe faIRwstURllicalgsattabitside| drb@idahé ng t he
silicon. Since the gas noves upwardly in the reactor, the concentration of
si i con i rreadter. Fhuslyi the hedcaehe e@ntmbédtilé)suchei s that g dspositionscarthent o t he
wall. Gas wi.th a high conten sidicon.will . | v qht i eve
the hi ghes S‘é%ﬂf“r"r‘bfgf‘%f?‘ aa‘X%yeﬁthé%F Phigot ‘r‘}%tdgsﬂﬁJ P bég‘#gdéh Sr“!g??’élnm%}?%o‘?aéﬁt%i n the

gas Wil | o giaNaldestb the HdaBndblghrats. Sohseqauntly Othe depositiomswitliformgat he
reactor wall and the |lowest silicon concentration towards the centﬁﬁé
he

Ther eby, thdicglpatle whichiwllgéhhsices pymaintainag e yewael refayen 4a thegegisy

deposi tiong_aoccur ] I r g4 t | uni t
and 1 mpr ovGaoaEr Tt A bEnkF A Re U Enclh HaR wHRRRR bl B AR he
center of fohRe helatl shapesaafes of therwdlhd&he depdstions eccuatipthe walk lwaghoven hol e

in the center of a top plate. The centrjpet cceleration wll so affect
he sl | 5§ dhet i S holpeRtipisi ok Coneameal B ol Cophine BT HhE 1 & Vb
reactor. These particles are heavy conpared to the gas nol ecul es

surroundi ng them Hence, these particles will be forced outwardly towards



WO 2011/ 065839PCT/ NO2010/ 000431 9 the reactor wall, whereupon they becone a
part of the deposition on the wall and may be recrystallized. The serious
pr obl em tWwet2oexiestspng CVD reactors have with fines w || pacow2diongbisibe
severely reduced. Thus, the reactor o8 the invention can additionally be
used as a post-processing system for another type of silicon CVD reactor.
The react cadviastagoofifeediad theogasHvountd eticalf path slonglittei vealkis tiawh widbizavet a such

as a Sienens r tor. Th t.| et e i sti f. . sil.i - t ai.ni ,
Sral | si | 1 BRET UGS spared it $95d oing QUPQilrRuds ARt POGRRRER G © O
possi bl e njhxefle gaswili Be B&ontalt Rith AllabkOReBstoivehiSE@Positief carl becurtnded

silicon-containing gas and fines are forced outwardl é‘ towards the reactor
wal |, ont owilhipehd mere Hmedein therhottenciarthe tppeofthegigactgn dhistesutstinthsugh t he

i 11 orent EONBUAERT SEEPRRARERTRR Lo PR R LR Sy BRGOAES 7

the cost| yghtisipatigh. systens presently enployed, and at the sane tine it
contributes substantially to the silicon production. Accordingly, reactors
of the i nvAnelterRativafonarapgingdeq alpt apatopanentioned isito agangs i JpAANIRS CISMENY eact or

or L0 anY A Chkn 30U iRl 1 EARAPEHLNArBAARE B i flenlanvent | on

in series. I conh can at preSent r ced usin urgi cal net hods,

resul ti ng way sia preferred embedmbdnt irgthetathaggial idifferemhnlstsrak s petfopusisi bl e t o
construct reactor |.Lls qr. tubes of silicon at .a reasonable pri.ce. By that
Che nat . vt hthg: SPigaing GePrn i Rl ra o AL FSAL or
conpl et ed WEACHAh stadic@Hackd S4¥R6r DY, lald hitaidnSEERH MG ifiithd £0RAnd B Whol e
reactor with its contents of silicon of high purity can be nelted down for

recryst al | notdeifenthesddsanibadbetemn.t he el ectronics industry and/ or high

Possi biy.  THevBaeEs o ARG UL da0 Fodieds RUBRRIIA b mblbiuRinceER € O
non- cont angepgipefd favay whichi witkepiage thy resatien gasuld érdey, fordepusitiong tsccugl ti ng

of said layer in case only the very highest purity is acceptable.
Opt i onal | ythereqaust éﬁé?@le@gﬁhﬁ@‘ﬁqfﬁ@%’@de?@@%ﬁ%\w6‘?3 hepiedsyirogivalhe same

hi gh puri tzl(ﬁéxsthk e s?tﬁ)lﬁgfﬁ?ve YRLABd GHAE 'nlt!%rrl]i' §g§éfipt>§1bi'nesﬂic%h (L1886 teBhEEt r oni Ccs

i ndustry. e substantrally sinplifie ing of atight or conpleted
react or casifes-pas sediduatl pas)gs thredeas chtsestito dtei stlgconfwalhén eider foodurthean what i s
achi evabl e today. The devi cea for heati ngzﬁ‘t he . react Ot&l i n. accordance with

the i nvent SFRSBLRS BECCHT BEY SHICARBARGIITE FAIRACS 6 2ssibe SicO™- 2T $4548 | o

heating deyliess gehRVRYEIct withele @Ql‘{’ﬁmﬁ&ﬁﬁ&ﬁﬁz_iiﬁing%ﬁﬂrais‘éQexﬁle@(Hil@d’o(ﬁriIchOr
non-coherent heating |light source of any suitable wavel ength and effect,

such as f orcaeticargabds earientbamihe siliconmeer residualdias, whivk reyeaineafterdibseitinge t o
and depositing the silicon. As an example, silane gas is substantially heavier than
hydrogen gas, which constitutes the residual gas after liberating the silicon. Since the
gas moves upwardly in the reactor, the concentration of silicon in the gas will decrease,
due to the depositing of silicon onto the wall. Gas with a high content of silicon will,
due to its weight, achieve the highest centripetal acceleration. Thus, a concentration
gradient in the gas will originate, with the highest silicon concentration along the
reactor wall and the lowest silicon concentration towards the center. Thereby, the gas
causing depositing will always be closest to where the depositions occur, which leads to
a higher deposition rate per time unit and improved utilization of the gas. The residual
gas located towards the center of the reactor escapes from the reactor for example
through a hole in the center of a top plate.

The centripetal acceleration will also affect the small silicon dust particles, so-called
fines, which may form in a CVD reactor. These particles are heavy compared to the gas

molecules surrounding them. Hence, these particles will be forced outwardly towards



WO 2011/ 065839PCT/ NO2010/ 000431 10 visible light, a source to infrared

| ight and/or a source to ultra-violet light, preferably a source to

i nfrared Woghtloes83gures  Sonme enbodi ments of the inventipemsva@os/dob43ust r at ed
in the drawi ngs, wherein Figure 1 ill#@strates a vertical reactor according
to the invention, with a circular or in substance circul ar cross-section,
Figure 2 itht ustioawel, whereupdncthby becaoteat pas Qﬂthadmsn@alonﬁbgwﬂgn@mce on

th t | ust r at
of 2 ver t BarrySEeT Tt rpBeR it B oD 1o b G S U geous
reactor acgesdidly bdsdvbRly redaedd on.

Thus, the reactor of the invention can additionally be used as a post-processing system
for another type of silicon CVD reactor. The reactor is connected to the outlet of a
traditional CVD reactor, such as a Siemens reactor. The outlet gas, consisting of silicon-
containing gas, small silicon dust particles (fines), residual gas from reaction and
possible mixed gas, is set into rotation and is separated. The unused silicon-containing
gas and fines are forced outwardly towards the reactor wall, onto which new depositions
occur. The light gas exits through the outlet. Thus, the reactor becomes a cleaning
system which separates the different components of the outlet gas of today’s CVD
reactors, replacing the costly cleaning systems presently employed, and at the same time
it contributes substantially to the silicon production. Accordingly, reactors of the
invention can be connected to the “exhaust” or outlet of any reactor or to any

convenient source, including connecting reactors of the invention in series.

Silicon can at present be produced using metallurgical methods, resulting in silicon of
metallurgical quality. This makes it possible to construct reactor walls or tubes of
silicon at a reasonable price. By that the main volume or a main part of the weight of
silicon from a tight or completed reactor is of higher purity than metallurgical silicon,
the whole reactor with its contents of silicon of high purity can be melted down for
recrystallization and usage in the electronics industry and/or high efficiency solar cells,
wherein the average purity will be sufficient. Possibly, the outer part of metallurgical
silicon can be removed in a non-contaminating way, for example by water cutting,
machining or melting of said layer in case only the very highest purity is acceptable.
Optionally, the reactor can be produced from/made of silicon of the same high purity as
it produces, which quality is suitable for the electronics industry. The substantially
simplified handling of a tight or completed reactor causes less handling and
contaminating of the silicon than what is achievable today.

The devices for heating the reactor in accordance with the invention can be selected
among all known, operatively applicable heating devices, however, they advantageously
comprise a coherent or non-coherent heating light source of any suitable wavelength

and effect, such as for example a micro-wave source, a radio wave source, a source to



Detail ed description Referring to Figure 1, the reactor is a closed or in
subst ance cl osed cylindrical or polygonal vessel with wall (1), top plate
(7) and bwotomwgeksbe (4), preferably produced fronf nade Pafi/ND20i0c0m30f

metal lurgical purity or purer. Altern@tively, the reactor is nmade of other
feasible materials. A polygonal vessel will be assenbled fromplain plates.
The react ovisibk l@n,rmud@do mfrdredtightgndioe psourse (BYltrhoiotedighd, prelepiblypd or a
hel i x around t %(_gac(ii)r either conplete or divided into sections. Said
heati ng el ¥MEf'S! g9 be i npl emented as short, straight el enents,
sloping so that they add up to an approximate spiral. The reaction gas (6)
which is fed in through the bottomplate (4) is a silicon-containing gas,
pref er abl yFI8188 or Si HC13, in npst cases mixed with H2 gas. Referring to

Fi gures 2 . S one or nore
t hr ough- go?dr%g %m})esﬁl(eggé Otf%g ﬁl"f%u%né %ﬁﬁgsé}aﬁz@ﬁ%g lgorlr%g@h%%glctl on gas (6).
The hol es FEigurel ldﬂelahtkaxedxevmsal&@mﬁﬁdcmdmglto fe ihed¢ntioanwitha ciredbeor iaf t he

cyl i nder aug the ¢yl | der wal ], in such a way that new nozzl es can be put
to use as ¥ ét%qlrcﬁ \‘RBOS?ﬁ%élPBiy Possi bly, several nozzles can be

arr anged afigind ARG £HiEN SR Ror WillPa AAREI Reolifl B8vitoon Blctulledd, gned i n
such a way that the gas flow acquires a tangential (12) as well "as a

verti cal vhgorclllylustmtmﬁnemplermmt@lqrsofanlhtsen@d)ottnmtdfaltverth@l selagtpr,mgdhol es

ext end thr tto from one si ustrated by
Flgure o HREeAERe TRstndrleafE Reet BTG Rtrdingtd bV, “angl e,

t he sl ope angl e, of the heating elenents. Thereby, the gas flow w || obtain
a rotation (14) about the center line of the reactor and foll ow the inside
of the cylPetaded dgscmiption as it noves vertically upward. The top plate (7)
al so conpr asde 4 escape,

whi ch gas ]%{é;fgﬁl%qé%zgl%@ t%ulggér%gg)gtl%,\%%l%?edt&?%g colﬁglklé)?ﬁflgngpg y%rof H2, in a
_nea{ Ihy i deadlygnmatessel vﬁit}ewkid)(le)ht(og)plaﬁm(’I)_ralﬂ_dﬂaopomlmate (4)1px§fe(riﬂ)ly ipsodmosd t i oned
in the ce uch a a e .silicon-poor residua

escape, v%é‘?’@jéga‘{;t?z ﬁ’é?ﬂﬁioﬁ,al’%ﬁﬁlruﬁ%‘él ipBﬂtyg%{?u(eé) ﬁﬁ‘ﬁ‘a'i“éé&tt C 5 tr‘?b‘strﬁéder eact or
wal | (2) t&s}tdtherq*éasmw&a?eﬁagogﬁiowg%nmfvésm vl bk @SR nibAs ﬂ?&ﬁ(rjmdlh REAlERe |t
may be advantageous if the (8) is tubular shaped an ends sonmewhat
downwar dl yreaqtomstsh@omrébdtbaﬂleamm derventh éB)(faus@ as acspiraberea kglixeaseunddhe ch coul d
e LSRR Pl FoB AR o AR A PR s L

i deal vel ogiglymerRéisihahl stralght Blopame, bl@blngtsbel@dfklhdy&ﬁid uphtataniapprokiingeich a
way that a helical flow extends all the way to the top of the_reactor. The

reacti on g@iralgheseacips Lan@) B’é‘%‘thdﬁf‘?ﬁifmtthré’ug]égt?thﬂ“omt@ﬁ’ﬁéﬁl BsAsilicgnt he i nsi de
f th | T |1
o Une bl LS AL, LPCH O, 908 TR 401088 Yl

deposi ted torﬁgurb:hé a3} thel bostdrh p(aIe) (4 nd thehreaderpmsiirisenend @rmom threbgh- (10) on

the inside of a wal, | ue_.to the positi f the heati

el ement s (%ﬁ‘n%%‘gef {?S V@%&y @“‘H’e%?t nglerorttp'%reP%t (ébaITF‘e h#ﬁéc?‘b@?ﬂi}gl gas
(9) will fl‘)é}%sit%n@& QQQQmE REQNSR tﬁelleent@ log tHe®y lihdertang tﬁ@@/hlﬁh@tt\?al( ) suchhe
bottom pl ate can be equi pped with a concCentric 11) in order to
al | ow verta way thanp@&mpmiescﬁanépdmut tocm»alas theawall m“gaswelﬁjy brilly csuieral
contribute to, an _even nor e Sltl i l 4hevrt|cal
di rection Ib(’fzz{eﬁga? EAeiio] Sg)ﬂlflﬁ@m an‘feh 8Zv§ €\:/e 5 {Bt SERE  fiel i cal
flow is cogushdevathyt theg@efow b@qmﬂebatédgemamm%twelms at\ftetldaeﬁlélbcwg}
injection flow. The centric gas beam of reaction gas wll_ be cauglgt by the
rotation reomnangnt- dhis ig adyeveddn that heslapingleaien gxtendhthraygh theebaties) plateof " t he
react or 3t

Cont 1 ol | e FhiShLpic S s AERAEIEPNT: 3; 1R ABIG iR pOERILAABARAES
beam up thbahgheltm,gmeemersl@permgk Oflthg hedtingeelgraéntg dihetebycths ehs floe viadlt t om

pl ate can be additiona e ed wth _vertical s (15),. i.itioned in
each cor netVtdig atrﬁ@th?éL‘J@ ?‘gﬁh‘gg‘? dinefihedieariian Oﬁw(ﬂFeeé'a‘fiEﬁH‘evertl cal
gas flow V\é)lhlﬁd&e@ﬁi{ s a%mtemeﬂgmlg; Bewia! eRe fobPlatt OF) FYBnipriEBs HAIEN
initiating“the reac , | 1 con can qui ckly deposit betmeen t he sidewal | s,
hence seal (8hthrohgh whlab thor resmmi rgeb (P)aan esoppeavhigh gasis residusrof die rehgtioneakage
of silicon-caontai n| as |s hi eved he e caglse r adual

Seal t ng. of o). part e Sy R Alee! Dlees RO RUB R B Wl cut o
i nner cross-section, which is advantageous for the rotation. Leaked

silicon-containing gas can however deposit onto the reactor wall,
particularly onto a heat |ight heated reactor wall.




A gas flowwth reaction gas (6) will be exposed to the heated reactor wall
(2) and silicon is deposited by CVD. Most silicon will deposit onto where

the wal | we noidsessb, that is, in the area closest to thecheaomngoelsenents.
Thus the depositions will forma helin WO 2011/065839PCT/ NC2010/ 000431 12
(10) on the inside of the cylinder wall, equal to the helical heating

devi ces. T) s positipred ihGhe vértér, ai sich hevagahatfth@whcqn-pmrncsaduﬂl ges ©hean ot at i on

i nside the react t he .heli cal. sha i ncr.ea

L Rmesn Estage vt he botea e rER AR S8 () cEn P ploRaTnd REFERR () yoit
out, and %Bﬁﬁh%?ﬂss\mlé bf tHaaf18bAMEs BESUbeFREE IEMEY by adnintagthies iMieliRld eact or
wall (1). The whole reactor is renoved and replaced with a new silicon

react or wh@histwimilanshapadeandpxesnds scrrgwhaédgwnyardly ey thgi rﬁwtgulélsmltdcon al |
the way to _the center .of the re or |y
justifiabl@"¥d cryﬁﬂ oneighIest, g(@eCQSCO%%te rRcr %%g?entﬁé uﬁﬁfdt]{oﬁr ness Wi rglggl eave

| ess and |ggss ﬂ&bwm&@dnotﬂgesm)hs fdalrthﬂmgh&lerhdi@ (g'almt(nB))pttand)lq]e GYuttion per
hour will decrease over tinme and stop conpletely when the t |e|? ?ﬁl ogged.
The heat i ridedvelpgity. Prefemably with pamblelshegmbaes that tjh’cn WehpcEy t %lt 1§

outside the regelry llt 5%2%#1&:%&@0“?1@ rORAr. Tﬁg&'d&tbnr?ag (6) drftdts Be BoRBhACT

heat to the outer surftace reactor. The heat ht source is, as
af or enent ifniecreacthy mmgeatsal ao giinside off the mdlllt(a)aatrwatpt\wdlm incdigedangledber of

sl oping h tin el e whi ch f orm piral..or hel i x _around the
react or. BRaY W nﬁp}qﬁﬂ@’th ?ﬁaslrgg) ?ﬂg\ff)@e%abé) thr?é’eﬂﬁe{/llﬂeeﬁﬁihﬁtreacgoecti ons on
top of eacﬂ?h&inh@"clef)dht@d Gﬁtro tB@h&‘?e@\b!ll@(Z)%n@@[Hdé@bsﬁlbﬂs foemRetetik 1 @) on the
individually in the ight of the reactor. The heat is |ead fromthe heat

li ght souriosdg gfthe ma@togrwadlr@) duq fodbpegation ¢fitpe heatingeelamanittid) erd tse wal | (2)
e aRRR2 b S LG cBaG! S50, T EAG R GRSt Mhallf BELBL AL, o1

surface thé“}a ergvan ageously occ errin I gure t he

react or |snoqaqul)gsﬂﬁt@;5 nea7h.y cl osed cylindrical or polygonal (three or
nore sides) vessel ﬁ

1 (1), t | at tt 4 A
pol ygonal MPWIP‘IG (ﬂ))ag\%sl%eé?%lp@ﬂ gﬁe@prﬂ %ng nﬁbglfgéﬂ%?ﬂggg\?g%g‘i‘?e (e
preferabl y,. 3écu%n% Qa&ﬁ@ﬁﬁ@%é&ﬁtt D& (@RUR \Ai]@éuld pésfiBhRb ¥n Sidn rﬁ@r@ of

sufficient’ pur I'n substan ol e reactor can be utilized
further i rbaldmeecpdqﬂxsmton@rﬁ silithe irr tha vevical diractios ofthameactw, pastiadeady drihg once,

in a batch_ process. e reagtor .is su h i n evrc (3),

ei t her confvevgoghy Hgtgfzg‘éldc 8"§8%‘tsi‘c{?ﬁa§’lfy %efﬁliaé@ﬁg 5‘9\3 Y ??én possi bl y
be stati ongiyoal friiDAIRGH ﬁteeéeaﬂtosgasBbﬁnroee&bh&mgwlu(&)caw@h the fed in

t hrough the bottomplate (4) is si | i con-cont ai ni ng. gas, erably Si H4

or gas Wi trotatiph reastion gared4) and fm@d outardlyrfoyarisihe nside of ﬁlf? reqqﬁ@r Wt t om

late (4 h ht hol
(17 i er g eabiREES e FIELRED BRGiRin BRI RN HIR R SERL 0 10 20
be positi oesbr oF tAO cérific Rble&1 n)Lmiﬁehe ods mammpanﬁbtxgamhmnsmmﬂd(i . many

di fferent vvays dependi n%F on the desi rabI e fl OVY patter Hol es ai}ll ? bet ween
the cent erlngfpolygona quﬁ’d e bgitpm platesan bg @dditigaally ‘?ﬂ“&?ﬂe pathwrdsabpales 5o ¢ hat

P 022! SEERIENE o8 LR B T il o) ot
which is resticilgad ﬁmmvhﬁerea(ﬂamtgae thrgagh the hokes (1 Ddorssosestime when initiating

the reactor, silicon can quickly deposit between the sidewalls, hence sealing the reactor.

Thereby a very early limitation of the leakage of silicon-containing gas is achieved, as

the leakage causes a gradual sealing of the joints, causing a polygonal vessel to obtain a

more circular inner cross-section, which is advantageous for the rotation. Leaked

silicon-containing gas can however deposit onto the reactor wall, particularly onto a

heat light heated reactor wall.

A gas flow with reaction gas (6) will be exposed to the heated reactor wall (2) and

silicon is deposited by CVD. Most silicon will deposit onto where the wall is hottest,

that is, in the area closest to the heating elements. Thus the depositions will form a helix
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The hole (8) in the top plate (7) is positioned in the center, in such a
way that wbeosl/déssson- poor residual gas (9) can escape, RoENRe10dIRI31

remai ning reaction gas (6) can stay im the reactor until as nuch as

possi bl e of the silicon has been |iberated. It mght also be_advantageous
i f the hol @0} e thesnsidbof the cylindeapall, eqval txthe helicak beasina devigesadhesrelip | nt o

t he reacto Thi s. uld cause a. cl one effect. .which I nt

i ncrease t(;]ig) ‘d{ﬁ:l f‘ﬁdig‘i $on Of Hirllfglnf%rélgg i enmgaé‘&?‘ 1%1%%@8{@%%5’%% thérhggg L on gas
(6) is fedsHaPedigasitiogs Metease inkifickhdys tthe tdagickanne i &érénded in e silfbon vadll

vel ocity, advantageously resulting in parallel streanmlines or flow pattern.

The react | @) valsvemyutemdaepositipnwifhtherdolsorewrmeresvenly antodha Wiglees upwar diy
through t h@a&?@%&lﬁ{) %%e UL 08 118 rffilefl ah§ &red'vxl;ifhoa ARy ?ﬁil:(\%ﬂr %1@% , the
reacti on gas w1l e IC

e exposed to centri pet accel eration or ces
t he gas ( 6whémthartis Hakgroval tiglafand hefilebwith pureHiieosniallitboway entheicentagofgas i s

substantial ly heavier than the residual (9) and will thus be exposed to
the I ar gerthpggactor, Orm%arraégwtegor}qﬁmpﬂg'Jgﬁqgﬁ?‘@j%ﬁt_odgﬂq}jﬁ RPHGS-gd¥ 16T ng

forced cl 0\%91%Ehié&eEMilggé&engs%hl1es(s?vb_1191:i% R’é\r{]ﬁf &1%&&%%31&&@%@ , #4@posi t ed,

wher eas t he residual has to yie nove cl oser to e center of

t he react oprodidtienipes haluavillglzsrea®) over timefand atdpycoswpdeipls whendbgytube e hol e (8)

in the top plate (7). .The react can possiply,. vertical. slopjng or with
i ets at e RestophdRenibREaRRR) R BRN MR bt B iR BRI
exposed t Othg esdctorPedmdmittiag @fSheatthtiadh rhdigtidnel @neict héit tethefouteguif&rst or i s
rotating (16) at a sufficient rotation velocity. This can be achieved in

that a not@fith¢ rraetosnierhepinlight genreq ispat aforamentiaed shared apa spiralarawdths) . |t

i s general Y, r ] er, it is
advant ageollgé(:t??&taﬁe%wg%?saléﬁné g’%ﬁ% ac%l%ﬁe(-r&?gﬁﬁfﬂ_}?ﬁ%a%;foé%%g? 128\(%%%) in
order to aedlixeweuridtie bastor. poddiiidriatlyf the Wegtirig davites tdn bd divaied into sedioas r uct i on
consi derations, s

noyf e .expedient to let heating el ements.(3), .neasuring
devi ces (gt OBRSRACH Gihen g sy 10 %%WF&Q?‘BWOF?{WQSH%‘\%W“? wdf‘il‘ﬁwfﬂa)m_ d ot her
el ements spinQUrdiNGadibie ThEAEL9E leadl HofE Bie WehtighPSour&ABY Rirougdthihs sil®on
possible. Gas going in (6) and out (9) needs to travel "through speci al

coupl i ngs walBy1)ad Hwinside obthatvwabi(2) whish widl censivtitiedhe bejtgst suafce Mside thé t he
el ectroni cs_and asuring.devj ces (not sho .n figure) can advantageously
be wirel es@?g‘?ﬁ@n e‘gfi‘fb Bﬂfaézgéhe( %}po&ﬁnlofls? Vg\gﬁg?%ugfys(gcﬁgr'r otation as the
reactor, apefeiidg totFixife Dame réRtdragelobéddr neatlp eiokdd SQIMALOARE poBlgakdlve to
the reactor wall (2), only a small velocity conponent upwardly al ong the

react or walthreg oy morsides) uasselwith wall (Shrtan platei(Aranddoflemodlatey4hét ween t he
et o S P06 8 Sl OB Bl IS ol |
cent ri pet ad néroc@rammaiisg mgtetiab prafetably silidomtdfanfticim) pwitylsoftloatde sutiseanceact i on
gas (6) Outth\é\l%vrh%lleyreg&\cl)vraéa?l etutgi?ize %1%2' ilnl t?lg %?o%l%cpt%q I}l%?él'a%o(??so t :1)’1% meant to
be used only once, in a batch process. The reactor is surrounded by heating devices (3),
either complete or divided into sections. The heating elements can possibly be
stationary, rod shaped elements. The reaction gas (6) which is fed in through the bottom
plate (4) is a silicon-containing gas, preferably SiH4 or gas with silicon fines, in most
cases mixed with H; gas. The bottom plate (4) of the reactor comprises one or more
through-going straight holes (17) which function as nozzles for the reaction gas (6). The
holes (17) can be positioned in an infinite number of ways and can be shaped in many
different ways, depending on the desirable flow pattern. Holes (17) between the center
of the cylinder and the cylinder wall might be sensible, so that new nozzles can be put

to use as the wall is growing inwards. The top plate (7) also comprises holes (8) in order

to let the residual gas (9) escape, which is residue from the reaction gas (6) and consists



14 reactor wall (1). The gas will be separated in that the heaviest

nol ecul es are exposed to the largest forces, thus, they will be positioned
cl osest twotha/oss83b. The |ight nolecules will have to yipelrava2o10doessheavi er
ones, thus being positioned closer toi3the rotation axis. In this particular
case, this is especially advantageous in that the silicon-containing

reacti on gasinlys)f Hxs irsay bwb’nﬂcasllprqpeﬁﬁeihﬁ bolet(Rpim thetoprRlatie deib PgsigoReshinf r om

whi ch f th | h h
Foncti on du ebst i bebERuORRBe ileor BRY A EAoR ol R Sy it O

t owar ds t hemaRidEreatiort f18 (6 paatstdy iiitd reéabmmi[ lak snuch sl bbSlbldSloﬁthh isieen
deposition rate due to the fact that the reaction surface (2) quickly wll

be provi despemlibrasied dagrighialsgds.adyantageps if thokele ($)da (putar chaprdadse t he
gas utilizgld QQ sorﬂ?&{xﬁ%ﬂgvafﬂf 1rﬁb|t SRAtGO THE Eﬁf éa‘ﬁgﬁ&&&fé &gilaust gas.

In a pol ygona vesse the bottom p ate can a |t| on be equi pped with
verti cal holhleﬁcaﬁdlﬂ)fuqﬂcﬁnmdrmemdmﬂmo:ﬁihaeafactlmgzise transiti on bet ween two

deval | d t fl thropgh th
ol o5 ( 15y 6t IGBAE 1eAeq o (e FRabrongh i alet a7 oin BEPPRRBRNIE LD Hui ok y

deposi t bej@en vEEits iadeRhdedusly li’éé%ltﬂ@% bxraﬁ@radtfeaﬂmh&eorrmc})mem TiHies can be
done before the reactor starts rotating. Thereby an early Iimtation of the

| eakage ofremtimcgaﬂ(®@mtea$ ﬂxrmghgh@bm&rmphitee«ﬂé@nd movehepwasdlyabwughthres a

gr adual sealln SS t re
circul ar i ﬁ%é‘? ?lyd’él i tbflwglﬂ?e rﬂacgj%f 1 r8w ?1 )t’eer a|1cct)1{r81R gé&ﬁ@?“v%gl I
exposed t Qxpbsdio certfipstabiccvletation Whicifdrées Itmd:gua (9) dolwaetiphs ivall l@]hhéhem cal
vapor deposition (CVD). Mire silicon wll deposit where the wall is

hottest, trRor. The SHieprePRIpBINZERS IpBibsigntalb) lve@aler Hlaﬁld%reéldﬁélﬁats kandhe
deposi ti ong; Wi, bd& %ggd%vthgméeerr'f&%&g& if %91&’391%%& sitiB6n- mﬁ i GACH6) The

whol e reactor Is re ved and replace a new reactor react or
has gr own Heimghfor@eddlosestftd Itﬁeeltéawdt\#alkxab ent®iwhiclo measlilicohhedmyltctd; wheeeasent er
of the reactor as far as.i econom cal | usti.fiable ta run the
process. %TQSWPL%K%EWPIyletl‘ﬁw?‘éfﬁ‘ﬁ%%c qrito Fh?y e °h§’§§ea£ f]é%s vol une
for the S'r‘eh@ﬂ?&ﬂ gﬁ?@)%lﬂ'ﬂlﬁllﬁ@&&bgim&@l th@ﬁo]%r(g}jiﬁc‘thé%ﬂlﬁé (’V‘)Oflhe Ydalctor

decrease over time and stop conpletely when the tube is cl ogﬁed When t he
reactor i scagpopsibly behattidat, slopmgc)rlvaﬂgl@ietsaamb@tqprmdtoatlkté@pthne HPmg t he
process, S inlectio

rotati su e react or
i s renoved 156 tltoﬁegatslg@slélax%sf“ﬁp% gwgg?:ﬁhrﬁesg eﬂ\r{ralletﬁl ewﬁgl)%%?ﬁ%ta ttn}gw enpty
react or i Srehd16€k r&dliing (163 UChsuFfivialt rofadibn tvBRCIBVTH cdietsachRRed i thhied t ed
anew. Hence, it is not a_continuous process but a batch process however,

the changemetgn (astshows i AgEeys theagactaidntiirgiatier (Koskivsacsily @abtion is
achi eved. e L8AGBhte/thé kathoMyalls P! AR Alis AvAIAHONN (9hd Biftohy P

further proce55|ng, or exanpl e t'ing furn When usi ng another
mat eri al ttbplplm (4 aalr7)ialsotrbeater (elé):hmrdmb Iashlexle) thethesttpossipledtosv patlermifi/ or t op
plate (7), is material needs to be WD 201 /0653 PCT/ 010/ 0431 15

r enoved, flEJ u@)?%ﬁ‘b‘}sgub@f’nr%ﬁ‘i Arafigns: engiesxPRuentdg ¢t deating clgments

further prgeasshPdeviddqnotdhetmdh Bh%),aRsulffonl A6t HBAGLIATIgER) ah® oﬁh@ﬁpt ed to
the further processing.
elements surrounding the reactor, rotate with the reactor, this is possible. Gas going in
(6) and out (9) needs to travel through special couplings (18) allowing rotation, such as
a swivel coupling. Most of the electronics and measuring devices (not shown in figure)
can advantageously be wireless.
The reaction gas (6) will reach the same rotation as the reactor, and will thus have no
tangential velocity component relative to the reactor wall (2), only a small velocity
component upwardly along the reactor wall (2). This results in a small relative velocity
between the reaction gas (6) and the wall (2) onto which it should deposit, which is

advantageous in order to avoid the formation of particles or fines. The centripetal forces

arising due to the rotation (16) will force the reaction gas (6) outwardly towards the



The heating elenents (3) are preferably heat |ight sources positioned
outside the reactor, transmtting the heat through radiation or contact
heat to twe 2outmss3surfaces of the reactor. The heating aeviNo2simmy43de

di vided into several sections on top Bf each other in order to be able to
control the tenperature individually in the height of the reactor. The heat
i s conductedctdr watl (HeThegds Willdhe separdatedeén (13} thetheavigdt mdlecudéd areexposed fo (1) to

t he inside of t he wal | constitutes the hot t.s i nsid
the react ofhe 1a5ggsh f %?Scﬂl%ﬁ;’?%%lfpﬁéo%’é 4958ﬂ t%l 1L§i‘8&’§ﬁ{/‘“8%8\ﬁlf§m Hgat
light sourggsy %?ieﬁptot{ﬁe REVARBREs %stﬂaﬁlg%sftf?ﬁb&’ﬂoﬁﬁﬁo BebBitioRaeisect ed in

that the heat sources are coaxially arranged in an inert/cooling gas
inlet, whi Inhhnsspapwutalr cadeathiyiszspeainl lygdvargageods antbatghe silicpeicenipining t hat

" SRS b 0t e e R P TP BB P B

and/ or st eBcaichad ®e&l li@sted B! @ng@alehddvmtlé@tyeaaduantgas &) dhsereaithe i N any
operative conbi nation, which c onmbi nations are enbodi nents of_the reactor

and met hodwai alnchleght mesidual ges (90 ergfwéélfvu towpids thegentey of fheaswtgpat) fRepolins 000431
16 CLAIMS 1 results 5 ler Egélosﬁ{?glﬁgt%tdug % ﬁIe fﬁét theft% regamﬁrm&ggg g{lﬁ‘:ﬁfyt or

vol une, characterl he react or nprises or rati'vel y
arranged twilblbe proaigied oiith mEwareactionrgas €This nall mostl lllketty)ais@ onraseithegas eact i on
\g/gls ul;rgr ¢ hl?t{nhzcatélltl)n \élgcrgarlsngge 81esslll}clog rcl,onc%\r{g%tl(l)nn}notherz g&h%&lls OgrallsI nside the reactor
In a polygonal vessel, the bottom plate can additionally be equipped with vertical holes
(15) positioned in each corner in the transition between two sidewalls. By feeding a
vertical gas flow with reaction gas through the holes (15) for some time when initiating
the reactor, silicon will quickly deposit between the sidewalls, thus nearly sealing the
reactor. This can be done before the reactor starts rotating. Thereby an early limitation
of the leakage of silicon-containing gas is achieved, as the leakage causes a gradual
sealing of the joints and a polygonal vessel obtains a more circular inner cross-section.
A gas flow with reaction gas (6) will be exposed to the hot reactor wall (2) and silicon
will deposit by chemical vapor deposition (CVD). More silicon will deposit where the
wall is hottest, thus, the deposition can be controlled in such a way that the depositions
will be evenly distributed throughout the whole reactor. The whole reactor is removed
and replaced with a new reactor when the reactor has grown tight and is filled with pure
silicon all the way to the center of the reactor, or as far as it is economically justifiable
to run the process. The increasing wall thickness will lead to less and less volume for
the silicon-containing gas (6) and the production per hour will decrease over time and
stop completely when the tube is clogged.
When the reactor is so full that it is no longer expedient to keep running the process, gas
injection, rotation and heat supply are stopped. The reactor is removed from the vessel
with the heating elements (3) and a new, empty reactor is inserted, in such a way that
the CVD process can be started anew. Hence, it is not a continuous process but a batch
process, however, the change can occur so rapidly that the highest possible production
is achieved. The reactor filled with silicon can be brought directly to further processing,
for example into a melting furnace. When using another material than silicon in the

reactor walls (1), bottom plate (4) and/or top plate (7), this material needs to be



2. Reactor according to claim1l characterised in that the reactor vol une
is made of silicon or has an inner silicon |ayer so that a silicon surface
forns t hewonnewosssspf ace agai nst at |east a part of the reacNozoiwvDb4sE. 3.
Reactor according to claim1 and/or 215 characterized in that the reactor
conprises a shape as a cylinder with a circular or in substance circular

cr 0ss- sectremoyed, tferwmpdﬂjbymtashlmglb&fanelﬂ;xemac@ntat@uﬂeﬁ@lﬁﬁﬁ@m/al | s are nade

of silicon of rret | urgic urer inlets are
angul ar | y HPYErged }?eno‘gertfg?‘?'gsr‘r‘? (ﬁ]?"‘hra?? 19F FALRsH ad%B{%? g‘i’ {Ijlllel’f{gIR %egs is guided in
a helical patddsigpwardly along the wall towards an outlet in the top of the
reactor, wherein the orientation of the inlet and the gas contains a

di rect i on Erlirefingelepgnts|(Bloare peefernblydient lmlé(sow:%poaﬁumad antsidethersagtehponent
parallel to the gl # rEfaF{h?dllfggl X'Q(il% fidlEod QBB Jt't(p?lﬁ oRfek ﬁl\ﬁ@écles ofithe REACtOr

accordi ng fosone aracteril ze e reactor COITpI’I ses
or is oper@hdtyelTyie deithpgRdictomay bedividgl 1dm/se®erabmcaonheoxtﬂop of eadht ather if.

React or accaording to claim 1, characteri ‘g E)é Et thﬁ re ctor O@Brlses a
shape as 857 Pha@blap cantolths empsratyrRdutividpglsindhe height of
rotating te: {R3GERke R gﬂg%& ek Mglﬁ%@ﬁﬁ:@t(?}jth}&lghmﬁe fflﬁ@(ﬁlt\Qﬁll (B t@%ﬁe' iftdidé or

silicon-poor gas arran coaxli a to the cylinder axis in’'at |east one
end, at Ierifsthe waH (Ihhlhichfqonstsuies dwrhortllesﬂsurfe%ﬂ:ms@n thearsactert opteahiclone heat i ng

IR R T RN T NN
on the bottom or top plate, protected in that the heat light sources are coaxially arranged
in an inert/cooling gas inlet, which is particularly advantageous and energy efficient in
that heating occurs directly on the surface onto which deposition of silicon takes place.
The reactor and method of the invention comprises features and/or steps as described,
mention or illustrated in this document, in any operative combination, which

combinations are embodiments of the reactor and method of the invention, respectively.



17 6. Reactor according to claim1, characterized in that a notor is
operatively connected to the reactor for rotating said reactor, the reactor
conpri si /yoavilessd one end plate rotating with the reactomo2ofummiaend
plate is equipped with at | east one bt preferably several inlets for
silicon-containing reaction gas and the end plates are preferably nmade of a
mat eri al h@LANGSI ower thernmal conductivity than the rest of the reactor,
such as a fonposite construction of materials of different thernal
conductivity in order to avoid deposition in the inlets as well as

M ni M zi NORENREST T pro@SERR-of silicon,NBhiPPRind reldtONEItme T Rfa 154 bit@ani Py dvapor
deposi tion and/or ‘cleaning of a silicon containing ?as, in a reactor
accor di ng tw thitgh¢ reacter comprissh ar iscaperativekycartangedsiot atleggt enegnedns dor-seBigai ni ng

reaction gas,.for chem cal v.apor gdeppsition ' ' l.nsi de the
Feactor v SHESH-gUg Bl dracligR aps foE BEhissE nbEYoplyBha it HincdBialiBs

rotation. @side Meiadomagenei ng to claim 7, characterized in that silicon
deliberately is deposited onto the reactor wall by chem cal vapor
deposition in such a way that the cross-section of the reactor principally
grows tighy, whereupon the contents of said reactor or the contents of said
reactor as well as the reactor wall is utilized in further stages in a
process f oRegetorducdriling totlaghlli chre f orc tsot as eok| | nathdf the redctr tvobmiecis
PUrposes. made of silicon or has an inner silicon layer so that a silicon surface forms the inner

surface against at least a part of the reactor volume.

3.

Reactor according to claim 1 and/or 2, characterized in that the reactor comprises a
shape as a cylinder with a circular or in substance circular cross-section, the cylinder is
vertically orientated the sidewalls are made of silicon of metallurgical quality or purer,
and one or more inlets are angularly arranged in a bottom, so that silicon-containing gas
is guided in a helical path upwardly along the wall towards an outlet in the top of the
reactor, wherein the orientation of the inlet and the gas contains a direction component
parallel to the cylinder axis and a direction component parallel to the circumference of

the inner cylindrical wall.

4.
Reactor according to one of claim 1-3, characterized in that the reactor comprises or is

operatively arranged to a heating device outside the reactor.

5.

Reactor according to claim 1, characterized in that the reactor comprises a shape as a
cylinder with a circular inner cross-section, a motor for rotating the reactor operatively
connected to the reactor, a outlet for silicon-poor gas arranged coaxially to the cylinder
axis in at least one end, at least one inlet for silicon rich reaction gas, at least one
heating device operatively arranged on the outside or on the inside of the reactor, with

or without inert gas and/or cooling gas protection.



9. Use of a reactor according to any one of claims 1-6, for producing
silicon and/or cleaning silicon containing reaction gas supplied from other
react or s wocordicsgpot o the clainms 1-6 or other types of @¢DNozaokmos1 or the
gas is originating fromother sourcest7 10. Reactor according to claim 1,
characterised in that the wall of the reactor is nade of any material
w t hst andigig the operating conditions, pref erably a | ow contam nati ng
material such as rtz, sllcnnlt | raphi.te. . :

Reactor acc%r ing to cla{ml aracterlrze tagmoporr] |1;[ gperatlvely connected to

the reactor for rotating said reactor, the reactor comprising at least one end plate rotating

with the reactor, which end plate is equipped with at least one but preferably several

inlets for silicon-containing reaction gas and the end plates are preferably made of a

material having lower thermal conductivity than the rest of the reactor, such as a

composite construction of materials of different thermal conductivity in order to avoid

deposition in the inlets as well as minimizing thermal losses..

7.

Method for production of silicon by vapor deposition and/or cleaning of a silicon
containing gas, in a reactor according to the invention, characterised by
setting a silicon-containing reaction gas for chemical vapor deposition (CVD) into
rotation inside the reactor volume, by operating at least one means for achieving such

rotation.

8.

Method according to claim 7, characterized in that silicon deliberately is deposited onto

the reactor wall by chemical vapor deposition in such a way that the cross-section of the
reactor principally grows tight, whereupon the contents of said reactor or the contents of
said reactor as well as the reactor wall is utilized in further stages in a process for

production of silicon for solar cell and/or electronic purposes.

9.
Use of a reactor according to any one of claims 1-6, for producing silicon and/or
cleaning silicon containing reaction gas supplied from other reactors according to the

claims 1-6 or other types of CVD reactors, or the gas is originating from other sources.

10.
Reactor according to claim 1, characterised in thatthe wall of the reactor
is made of any material withstanding the operating conditions, preferably a low-

contaminating material such as quartz, silicon-nitride or graphite.



