SI LI CON PRODUCTI ON W TH A FLUI DI ZED BED REACTOR
UTI LI ZI NG TETRACHLOROSI LANE TO REDUCE WALL DEPCSI Tl ON
WERABS5IREF-ERENCE TO RELATED APPLI CATI ONS [ 0001pCcT/hE®09/060310
application clains the benefit of U S Patent
Application Sepal No 12/265,038 filed on 5 Novenber
2008 under 35 U. S.C 120 U. S. Patent Application Serial
No. 12/265,038 is hereby incorporated by reference
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH
[ 0002] None BACKGROUND [0003] It is known that silicon
carsipRdRERODUCTIINVOIT RYLBIBIZEEESED RENSTRAUTRIANG
the Siemens process A m xture conprising hydrogen and
si | ane (IFIHRACRHrOROSHLANITEO 8ERPIGESYAG LIYROSIEIONANd
trichlorosilane (HS1CI3) is fed to a deconposition
reactor containing, seed rods which are kept at a

tenper at ur er ok s RFERERER THORPL AEEISIAPPERMA TIONGEPOSI t ed
on the seed rods and by-product gas m xtures exit in a

[08Mht Thisapplivationfrdamathrbstedit o (& 8nfntdns ApichyarsgeliN@any265,038

RN AR TG R
127186,038 IsheieBy REVGhteBY reRiEROses of this application,

the term'chlorosilanes' refers to any silane species
havi ng one or nore chl opne atons bonded to silicon and

el , g ,
(rostan AR RECmACTRd g DFPOFROREB ST sEAE s
[0603P1Q39., tetrachlorosilane (SiCL ), and various
chl orinated disilanes such as hexachl orodi sil ane and
pent achl orodi si |l ane. For purposes of this application,
the term'silicon "DnoﬁﬁﬁKd§6§N§ to any silane
speci es having one silicon atom per nol ecule {e.qg.,

[0603] amds kiwnhimt Gillidon @h bamadniirsbiot By @brocisd fdrednelas the
S1C14). In the vent stream hydrogen and chl orosil anes.
Siguesp Pipsess] Snix grcrompen shyfgeeh andylancd ity of hmpytgaromprising

hy %é%ﬁ%éi& B R TSR & Gt DBt SUH . seed rods
R B Rt G oD RO LT GO BT IR on he seed roos

an@ PR HAILAREs BfxhRR i fa Yt §{iReM| WiRh @ nlik@reCam! Hﬁ%@dro gen and
feed material HS1CI 3 and hydrogen for recycle e
egwéwgelp h

trighlerbyilans iageedcthaven sidammayhaclSlee phegs chlsridhat i t
chlof sﬂ'rfe]; Isﬁyr{et tn(a sﬁ%grll ﬁ&l edefr’} lﬂ)lrglr}r ¥ (selofj t%u%fa Iﬁpclat)f & Mlﬁe?l line
SI?I rod%ct 0 DYICOH eg &Ue 0 P

fofoli P e chém ca
‘claordbilan®y reflerapdink kingt kesiel RdingtmB bF @bretchlofing #a6 badded to
process.

silicon and includes, but is not limited to monochlorosilane (H3SiCl), dichlorosilane
(HpSiCly), trichlorosilane (HSiCl3), tetrachlorosilane (SiCly), and various chlorinated

disilanes such as hexachlorodisilane and pentachlorodisilane. For purposes of this
application, the term ‘silicon monomer’ refers to any silane species having one silicon atom

per molecule (e.g., silane, or HSiCl3, or a combination of HSiCl3 and SiCly). In the vent
stream, hydrogen and chlorosilanes such as SiCl4 and HSiCl3 may be present both from un-

reacted feed gas and reaction product from the decomposition. The vent stream is passed
through a complex recovery process where condensations, scrubbing, absorption and

adsorption are unit operations often used to facilitate the capture of feed material HSiCl3 and

hydrogen for recycle. One problem associated with the Siemens process is that it is difficult
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4 HSiC 3 . Sipolycrystal iine + 3 Sid4 + 2 H H2 +
SSid4 . HSIA3 + HO Qite often only 50% or |ess, of
wo b@owssesaum t heoreti cal yield of polycrystal | PEEUS2009/060310
silicon is achieved. Furthexnore, the Sienens process
requires relatively high energy input to achieve this
relatively low yield. [0004] An alternate process is
to feed the m xture conprising hydrogen and sil ane or
the m xture conprising hydrogen and trichlorosilane to
a fluidized bed containing silicon nearly spherica
to Qﬁﬁéil@ a'h%ﬁt yied & JoBlRk@lIine Qh@énﬁfi‘ocﬁ%t 105 Bort RABR! B4 Bemical
The bea rowin size and | ar ge enough, are
eqmabsedﬁdmwuuhhabmﬁn@ﬁmw@mnh@mbhusd|zed bed reactor
(FBR) as product. The vent gases exit the top of the
FBR and are send through a recovery process sinmilar to
t he escrébed—above for the Sie rocess. Yield
int Erﬂg (S‘ﬁoces—s—m!y be pobarysiallge +%£EP4W£HQ eti cal
maxi mum as canpared to the 50 %to 70 for the Sienens
pr oges$iCl;00651—ome prHICEMMCL h the FBR process is
that the beads nust be heated to a tenperature higher
than the average bed tenperature to facilitate heat
transfer. That can be done, for exanple, by use of a
(bﬂmmﬂma@ﬂydﬁb&aﬁmgmfmkmmmanmﬂmmemgymdﬁaﬂp@yﬁﬁmmM&mﬁyonm

n ive heatjng, or infrared ra heatin
ac#‘ﬁ ggfﬂﬁ’&%}%f SURT %ﬁ@ew&cﬁ%s THYBt @gfllé‘?ﬁ% glgh]ﬁléer BBt dpgchieve
m@ﬁ%ﬁN@%qmb iefghat the bottom of the FBR may be hot, and

d gas I1s reactive when it contains only HS|G 3
[0604dl Apciitagan pro&sss & to &sd ke, miktne dompdsigaksyddigst ridoilbuor Qr the

clusters .of |ar bea d rea malls
i oo P i o e AL Ehlr e K e Vel St bag gl ety
spRYRSI MR Mk Xre%a%ftéif?éd A6t PP RETpe @G The $bds BRI i@Rize, and
product separation, and heat transfer of the system

whén dﬁrgﬁeanomhom @rysed auh thielvettHBRY the Buidizsd et redetor PrBRbus product.
ent for us

Tl iEughs bl BF Poal inedpRu i uf Phuicvest ey gy il o the

on@tiesw&d%%e%aﬁ@%m&ﬁ rR@ssUSBEd inthB ?lrcfaéss%a@%@ nearly 90 % of
applications. [0006] There is a nee

thegesitipe myas inaynh.jap eoraparrddge theisA Ju ot 10y tay therﬁavrrmné pwkessci ency

OFy YR BE B P 0 Rl T e

high@£then hs arerd¥@®6d ichhpbrdRrdro acarats hant friddRr. SThat 68be done, for
I ndustry to i nprove FBR technol ogy to prevent silicon

exgaplediytuse ¢fradieft Walladirepgtoprinieieaavednergy onrdip iieqUeRFY ISUMIVERY
he%tﬁ%on P)‘férgc{ r%&gécr ﬁ%atzn gom%ﬁ rdg %12\% u%%gé%]ét&% pgo%?enﬁe @’ne
problem, however, is that the bottom of the FBR may be hot, and the feed gas is reactive

when it contains only HSiCl3 and hydrogen. As a result, the feed gas distributor, clusters of

large beads, and reactor side walls are prone to rapid deposition of silicon. Those deposits
subsequently disrupt the proper feed distribution, product separation, and heat transfer of the
system. Another problem with the FBR process is the product quality is generally
insufficient for use in integrated circuit manufacture; however, the product of the FBR
process may be used in solar grade applications.

[0006] There is a need in the polycrystalline silicon industry to improve efficiency of

polycrystalline silicon production with Siemens reactors to reduce by-products and energy
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] Figure 1 is a
fl ow di agram of a process descri bed herein [0009]
WwWoR2@uns3629 i s a top view of a distributor plater¢D03BP9/060310
Figure 3 is a cross sectiomal view of the bottom of a
FBR Reference Nunerals 101 Sienens feed gas stream
122 product stream 102 Sienens reactor 124 second vent
gas stream 103 pol ycrystalline silicon rod 126
recovery system 104 Si enens vent gas stream 128
hydrogen/HO |ine 105 fluidized bed reactor 130
coffAROS T TRAER alneBEin HAG ARk IREBYEHGnARRAIARIPRVE BBR
central nozzle 108 renoval® |1 ne 204 surroundi ng
techogegels plekentsilieart éegosrie fitomgasnisg predirmad000 ot KBFn porti on
of a FBR 112 reactant stream 301 silicon particles 113
deposition gas stream 302 product w thdrawal tube 114
second stream 303 i nj ectgromvagzz! e 115 distillation
col um 304 surroundi ng nozzle 116 vaporizer 305 wal
[0Q(K7] t HepréBIR chmpristis Seering @t oichiBY Gashigwi thowalhdt adtuidizededed tegctor
(Fgggrhead vapor 119 suppl enment stream 120
ori zer DETAI LED DESCRI PTI ON [ 0011] A process for
producing silicon conprises: 1) feeding a deposition
gas conprisingﬁﬂ%gro en and a silicon nononer into an

i nternal regi DESGRPTHINY OF THEGDRAMINGS (FBR), and
current. £ ' t chid into a

OB Bl R OB BB 8 e st oundi ng

[06031 Blvuies ibetopeedy bieadidtAbsrpadte.r egi on and a wal | of
the FBR |In step 1), the silicon nononer may be

[0Q1] o Eieate i 8 mios Jealirmal vaivrof) thabritopy of aiB&: osi 1 ane
(HSIi A 3). The deposition gas and the etching gas are
introduced in a heating zone of

Reference Numerals
101 Siemens feed gas stream 122 product stream
102 Siemens reactor 124 second vent gas stream
103 polycrystalline silicon rod 126  recovery system
104  Siemens vent gas stream 128  hydrogen/HCI line
105 fluidized bed reactor 130  chlorosilanes line
106 dust removing apparatus 202 central nozzle
108  removal line 204  surrounding nozzles
110 treated vent gas stream 300  bottom portion of a FBR
112 reactant stream 301  silicon particles
113 deposition gas stream 302 product withdrawal tube
114 second stream 303  injection nozzle
115 distillation column 304  surrounding nozzle
116 vaporizer 305  wall of the FBR
117 distributor 306  horizontal orifice

118  overhead vapor
119 supplement stream

120 vaporizer
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the FBR The ampunt of the silicon nononer in step 1)

is sufficient to deposit silicon on fluidized silicon
W@iosdees in a reaction zone | ocated above theChes100910650310

zone of the FBR The anpunt4 of etching gas in step 2)

is sufficient to etch silicon fromthe wall of the

FBR. The etching gas may consist essentially of SiC

[0012] In step 2) of the process, the etching gas

consisting essentially of SiCd4 is fed into the FBR

near the wall of tMRETBREDDESGRIPTION gas may be fed

t hrough a surrounding region of a distributor at or

n@8H 1t Hepigerst tPorueipesIFBRCPIRRISEBY i ni mi zi ng or

prevent kg si Li Ce: it | . it :

BT ound ag b R o B b B el a1 OF monomer e

| atietemal regieg bionfladidedbat reaofor tHBR ) FBRcomdutrettiyat i vel y,

the etching gas may be fed directly, near wal | of

the Fé%?eeﬁlﬁ%?%ﬁﬁhlﬁg OO A TP @@@ﬂﬁﬁ_@%ﬁ i con

deRosh R sBRodnif: ‘P@gllc;n is Qe UhPRARES) 1%%105 Bha wall of the FBR.

application, 'consisting essentially of Sid4" neans

t hateptlhehestiledon mpngas nmyreaclegeddraufifane (9HY) aadoichtorasflane

Sicd4 to locally drive the reaction (described above

| &Sl i gFhesp s 000 339 and cheaptchingghs arp dsrodiRid ingelisang 4oamof

gas con&rising hydrogen and the silicon _nononer is fed

i fhe HRR; Aherment olehs vlicogmanpeHprer This sefEpigrite fepasipgidcon

i : fed. ' ' _

PR RNCAR o1 g VoRERB ot B hishHE Bire of

t FRR eTlohingngda $tching /eax in deep O 5is kuféinieas eteintiBednrignt the whBR

are derived fromthe vent gas fromthe Sienens

r b 'R Thsiehnepremay spsisthnsattlyhdléed rate of

e j.n as.depends on_.varjous factors incluydi he

c{HfAr a8 R AR Rcafy o Bsh P SasPBuhg Pl P Sl oo

conf.i ' (eq0. ' r ej ght nd the

bR e s R T oL e e AReh

t ijoeidai e goRbith QStEBROH 28 pr. neBe Btiok] fdhd FBR thereby t

woul d be able to calculate the anpunt and feed rate of

eMBHNFHE GaRrerRsBeIsibepntdaRositBm BeWRll.glcatmondiizde ponridhs

cattbiibal §et{x'/~§e%ﬁhe iﬁ%ﬁmg}ah End &l Bihtiﬁ_e F@@Pﬁ&&hﬂg@@, @0d

pressures in the procesS shown in Figure 1 an

destid fechahdt teddirehly namhyalDEf ted EBR,Nigerehg sninimyizibeor

sufficient to provide at least 6 mol %of Sid4

| yevniine sikicop depositeudhe walhf Fas pripatse Al thiidPRIicRiip ifonsfiiing

dri . ' i . . .

LA IS O g RREABREPFAORThobR or sl
ptroq&%nf i tRY reioh (deddrbed SRPO I ﬂaka%fhﬁﬂooﬁls]') kA AMmddae
FBR wal | without having to dilute the total gas feed
(Heplspositicorzagesnpaind g 8ydrbiengnd s siticorbinored)er sderpiosi iritonel
SHoshanh gggg ;gagﬁ‘%ﬁgﬁ&fgt% Y B oftlondllyBe Ted BRI RS2

distributor. The FBR may be integrated with a Siemens reactor such that the etching

gas and/or deposition gas entering the FBR are derived from the vent gas from the
Siemens reactor.

[0013] The exact amount and feed rate of etching gas depends on various factors
including the number and configuration of nozzles, the FBR configuration (e.g.,
diameter and height), and the process conditions to operate the FBR (e.g., temperature
and pressure). One skilled in the art would be able to calculate the amount and feed

rate of etching gas based on the FBR configuration and process conditions used. For

SUBSTITUTE SHEET (RULE 26)



concentration of the reactive silicon precursor
(silicon nononer) in the deposition gas and its
wo baposdynani ¢ potential to formsilicon on theCEHESIN/060310
particles in the FBR. The ahount of S1Cl4 is
sufficient to provide a blanket of SiC4 at the wall
of the FBR, i.e., an anount of S|CI4 that is

o . : BR
oSrbfe iy GRS AN SRR AP ST e
Wedséribed béll@w,rtm hriovae of. etdhiﬂgrg@umay\bcshlfﬂngent © phevidrods edstiBymol
t heary i s thought that extending the bl anket

f Grof R4 iqq%éxrla therPéVeft?F Sl ¥slEogsp antdlion o hhip dpess &1e reactomy

reduce c of  t BR but h
shTsr e 00 hbegte Sl enuneap GEF PRR oGS Che
Sﬂ)’rwénﬁﬁg brinihidziRE Gepe@forC @ sAieb@bitht FBRtv@'II%EhoﬁtQFaﬁhg gas
ed flow rate (of deposition gas and etching gas

c@lvtm thethal go ;a@l”(d@@eltlbﬁ gisdnd ett:hlmmoa(s cbmbidéd) gornpmition
vapRi TR Ty SiCaBidef fen R yi uRERi o P e
A RS0 R A P R

nandtie tlileﬂmﬁﬂﬁlalﬁi‘d@bténtaﬂld) ﬁﬁﬁrahebnsdnammdjpuma in TBIFBR. The
di stance upwar d_depends on where silicon deposits form

oFNURECH l%wffeqlrélt e idqn Ritnketark SiGitn at e wafl obghe EBR
based J f etch to de t
B S i vk 6 Resarefine ﬁ‘gldﬁwgﬁﬁl?m%‘?eqﬁ%@l to

o ey 8 gl Mt DT ROFER Walto [ERHSE iR aRl ", ¢ °

ahRNiAg & BébotEby tB&EY, luqmth%gﬂt tHat &ffendink iteMankétFeiiRPIWard,
removing silicon fromthe wall of the FBR) when t he

FBRY Prevideino Qﬂdltb)l‘léé)é‘;nﬂﬁé andona edusa sapafitaet thet S hadhaving
plresesrﬁ fflow @E{;@!&%e oslt E%@;RC%F the Sid4 is
énat e orm ) Wnd the HO s

S[lﬂb154E]q @ﬁtskme@mnwmnwcﬁme Meaddgéttdtanad feedflor agd loanes
b% reacting with silicon in the proximty of the wall.

éen 2ap pel edqhing gaglcqmbingde tochieyidfiHiizatien Gndizasion hat
t0% a:ﬁy)rgﬂd ul t}{ﬁlﬂldﬁh{mgn \‘/e%c%(% feArnfidge Mot gﬁ'{gg&ﬁtﬁ)ﬁ QaS

con 1 ons, re and pressur

efeaipthe (ints@eal) Eeeﬂ’gashlmmle adicthd&Eam&ine bﬂ SiClAo Tee® imotigblanket at

Ther nodynani ¢ Eval uati on of the

Siht swmoadiydregige nadCHl mmi tné2 Snyrsmwaqd and someEhﬁmtcc opwedy This
9, Is 12 1741- 1745 r 1972);

e Db TR tenSa st SHE Sog R Ba e Beral At 1 gt

G2 %J@ﬁo@?@s Baks dneegﬁﬁwry life &%Ec%rtéfhép%m%}%o%dﬂubﬁs of the

equilibriumline is he amount of Sid
Q@mﬁmclEﬁtnﬂmaumeawéSélphﬁmgﬂ6bmdDWmDM$mamnwﬂbﬁﬁBRﬂw
wal | and deposition conditions in as nuch of the FBR
aSiChoielepsisi siliqane Hpsysuei vhaarihqamoungef Stl@lmlh@O}EB@q%ﬁW

ﬁ%g&%reil %ﬁé{ﬁ?}%ﬁ%n?@%qsépg%go}%é glrfltcont f(r)om ‘[h%\(xllaﬂ of '316 FBR) Wﬁen

the FBR is run at pressure conditions of at atmospheric pressure or higher. In this

case, the SiCly is hydrogenated forming HSiCl3, and the HCl is subsequently

consumed to form additional chlorosilanes by reacting with silicon in the proximity of
the wall. However, one skilled in the art would recognize that the 6 mol % value may
vary depending on other process conditions, e.g., temperature and pressure. For
example, see L.P. Hunt and E. Sirtl, “A Thorough Thermodynamic Evaluation of the
Silicon-Hydrogen-Chlorine System,” J. Electrochem. Soc., Vol. 119, Issue 12, pp.
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deposition node inside the FBR (internal region). At
the wall, the etching gas fed to the FBR nay conprise
wo pgoesicent s sufficient to provide 3.8 to 4.0 PoOl/US009/060310
per 1 nol Si for etching node, and a m ni mum
concentration relative to hydrogen of total
chl orosil anes of 6 rml % chl orosil anes. The etching
gpgy r il |
PRI e S S ety E B PP b b
saaelln otaSr ant tlfechE[b'Eramﬁre aétgmﬁhe, wirothe é@.dh‘ttrﬁmhﬁlhnem)l 'EE affount
he criteria described her

[ %91@14 f@lalg alff@mintéwwée girhipg eanpitignyat fredddswalf qnévéeposmon

di A Si t 101 i
SRR ip 2 o T A e iR o % Ebeiiopsas e uherlR oy
@9 AR SORBYIIS Y BS13Ghdl (A Iiaagaings The

slimrodis nade of two polycrystalline silicon seed
r ctlﬂpgmtzm@btlmﬂettbﬁgléﬂm éntetyyl ragipol ¢ thestadll th pighisg gascfgchto

e RER ol PiEe Sl Bisb s fre ER i FY g mofsi

PloP ety ROt ﬁﬁd/asﬁlﬂlhﬂnhtﬂ orfebittiali O re i€l tdGlydioBert dFgothior m of
a U-shaped rod 103. The rod 103 is renbved fromthe

sﬂ@mﬂ@nqs oht ot Tidiresilanche Tharrichote gas fedater. nemtihe walhean be
C%urrr% slltﬁsﬂea% O@?%lfdi o awnﬁ F nssesr(gact ﬁ)uen%ﬁlses S].léil as

I con

?{ﬂié‘ﬁ%ﬁio oéjrhw}%cfstp a'Sol Pott(% él%h'ach B¥etttﬂ%ec?ﬁe¥1a dlastcrﬂ)

i emens reactor are coo
byerelesi gn than wal | s of a FBR because the Sienens

r%ﬁftor wal | s are cool ed through forced convectjon of
Al OPIRi driguss t shoysee prempyarypIResss Hew fioghaln oF dlEmasdradrips

of o%rf'lhbﬁs t%ﬁlénlfb%s Rh&IRMS bRAGHEN sﬁﬂ‘l‘?ﬁc}, n%t ; € FDE

em o 't con deposition on the wa e FBR
dgw streapr01 (B:]ijmas ¥8itil; gakhydtagera MitG4mfrodimnidde ofSwenens
reactor 102 may be treated, for exanple, by feeding
t préyoywstllingagicett seedirpdd cnnedwdgagsithea bylw gel yergsiadlinersglicon

SBRGE b et attine P oo £ TG 1F Siethear b B G

t SHt@thg Blith irdtEro pRBuce dﬂ%@c@‘dﬁlhné GIBdH (26 PiR e 1S o106 sAd¥d
conprise a sintere tal bl owback filter, a contact

ciod d8hsBre, b 03ds comepchiionn e Sidvesne shctof P abshaapst @ a batch,

ntered t al owbac gfllter ed elthe Stk
oIRaBhag: MR 0 ffgmctﬁ% G e

t {

t&gg%ggg I%/('geiﬁ%déglg ream \%f&@ll nc?h]ng gﬁr@éﬁ‘%ﬁ%&% ’gt 8
SihGight timatythd Wiy die Skepas @hed ardicodlesby didsighit}mm vadh offmFBRRLS
to forgg 3 react ant stream

CREHI e Qiareat Fadth N S naFS th:rqq'éL g%%féﬁ??@'ﬁ%ls%gr}%i%n

TRE, KRACAMer heat transfer medium), and this is why the Siemens reactor does
not have the problem of silicon deposition on the wall but the FBR does.
[0016] The vent gas stream 104 from the Siemens reactor 102 may be treated, for
example, by feeding the vent gas stream 104 through a dust removing apparatus 106,
which may be cooled with fluid such as service water, thereby removing fine silicon
powder through line 108. The dust removing apparatus 106 may comprise a sintered
metal blowback filter, a contact condenser, or a combination thereof, for example, a

sintered metal blowback filter located either upstream or downstream of a contact

condenser (not shown) in the vent gas stream 104 line.
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stream 112 may be heated, using for exanple, a

vapori zer 116. The overhead vapor 118 fromthe contact
wa@ondesssy and/ or dust renoving apparatus 106 BPOIYPF1088660310

hydr ogen and non-condensabl® chl orosil anes. The

over head vapor 118 and the reactant stream 112 may

optionally then be reconbi ned before the reactant

[ S t m
PR el ik Pyl chilfts KRroD inchld SO AR S B} P
f @ﬁgbegs%ﬁﬁ%ed il otlslﬁllgtgﬂ' cbluﬁfﬂqlﬁ UPRAR o r@FtaRQlbm 1 1 including
suppl enent stream 119. The resulting deposition gas
sHBiedgmnd b8 e(ching ghs staarh U teenkistthgegentialyof HEIL Bie rematant
then optionally be heated in a heater (not shown) and
f %@amd 12may be kaated] usmgdpioramplea vapezer blgt dhe everhead vepor
l%l ecim Ft]lg l(’:I(t)n(%act Pon%t eerha%g ongus OIZntzolvﬁg %gpagft@salgg rgcl)rrzlf}gq%e%gg
rd‘ ﬁiaﬂcmoa canc&ugamwnmd’sﬂaﬂe@ grervveheddhapsti198 ahdoué or
117 @%0018] Pol ycrystalline silicon is deposited from
t Iectane pesamt il 8 magy pfigpate g heygeesmhivpdibiorasthe reaesant seeaen 112
P l y i
PR USSR LSRN RERINSL R i

120QitioAal S€L @A Wath adgidion s fised 3 BK, 1@ aqsprenﬁnngedmy droges,
HC , .and chl orosil anes

r ErnedepossinnisAwstiegR 119 svla%unéw ht'f%fogeeée@ Hﬁgﬁlwg%yéhﬁn

126. roge be recovered d sent through_Iline
ool AR T bes e Eornaat B antme| ROREE 106,
Qﬂhﬁ&ﬁ&H&@Wﬁ?zﬂﬁMnBﬁmﬁﬁ&9M§ﬁ§4mEﬁ&@Hﬂﬁm&FB§1é§onﬁ%thg
recycl ed or sol may be recovered through line

128 1&hahay b lmbateSbs'Cla 4apm1yerdé0 petipd ingela umronmbngleBon_ 06the
Al teén[atleel y, Sid4 may be hydrogenated or otherw se
C%‘W 1H)e]o1 to HSId 3, and the resulting HSIi C 3 may be

@gml R lyeRstallBe §h&rﬁqpaeplb§a:atﬁ%fn hOdepotiBOHLEk stFéaﬁluflg ofto
S

ws a top view of an exenplary distrib but or plate 117
f B¢ silisw S|e¢ﬂ part@leISBRolwssmlhnﬂﬂgm eroduct Theead fasmris tsunosed
pl at s a central z the internal. .
Pligh B, TR e Pttt i, e BefeditErt Retbert 1 Sicitinae
I iyideo b T BRI thRrodihed e, HS@IE taiyd 9IC1p WeRovediffdeh the FBR
nozzles 204 for introduci ng the etching gas stream 114

I 5t ket s)uwo@ehydysm@n mﬁg iHyrapkn tiag bdBELVERD . ande@t through
skilled in the ar recogni ze that the nozzle

clar?f% tr dtbpighe $lﬁmF1ilsdE%%9f 303 & thselpip | &t yChyasilapgs may be
! Ile%vtefeﬁ %ro@ﬁm?fﬁ“ﬂld%cy& &ol B rﬂ@'n%aryeo% r&ﬁv&&lztﬁ oﬁ%}gﬁ)r?e
ecenter t I stributor

1]IZB ana pdd.oRi€] pmnayte recyiclet! @r tha FBR Qb oAlt¢roazblgsSiZ02mayehye

be present. The internal region nozzle202 may inject

t Indraphihatedog iotharve s @nderiey tr by €'y, aitd tbe reabonget§ike; may be

di stributor plate 117.
recycled to the Siemens reactor 102.
[0019] Figure 2 shows a top view of an exemplary distributor plate 117 for use in
the FBR 105 in Figure 1. The distributor plate 117 has a central nozzle 202 in the
internal region for introducing the deposition gas stream 113 into the FBR 105 and a
plurality of surrounding nozzles 204 for introducing the etching gas stream 114 into
the surrounding region of the FBR 105. One skilled in the art would recognize that
the nozzle configuration in Figure 2 is exemplary and not limiting. For example, the
internal region nozzle 202 may, or may not, be in the center of the distributor 117; and

one or more internal region nozzles 202 may be present. The internal region nozzle
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The surroundi ng region nozzles 204 may be cl oser or
further away fromthe internal regi on nozzle 202. Mre
wW@roh®9ss9 sur roundi ng regi on nozzl es 204 may bERCT/ESTNI/060310
Alternatively, the distribuor plate nay be eli m nated
and the sanme effect may be achieved by introducing the

deposition gas stream and etching gas stream through

g%(gzﬁﬁa{eﬁ@fect F@%@&:& sg% {hﬁrﬁgjge& %) l?o%e ft{é%%t{%gJ BWed 7.
r Bleognowdinghedior ezlpy Heess bdek)@a’rlop fUrthEr away Fiogith€infernab

al so exeml arx/*oand not limting the scope of the
i ISGIOR P Dt Mogh e ss springing fegion negrlesed gy e used. an

aJ%fté?ﬁaﬁi@E yvtﬁe d1tst§)19%t¥ﬁ¢'lét8 g‘%ﬁ b%c' %ﬁeﬁg%&% tfler ﬁfﬂeteﬁ@ct %ia Tens

reactor 102 may eposition gas stream
1&Biedédlgxuhﬂrgdutmo tHedepeBi ol @5 sovkedrh ond et¢hitgegay etrdamghrough

atment ste out. an nit _operations between
ersvt@ﬁﬁﬁgltorf@agfﬂﬁﬂrlb%ﬁsw é‘/l}iﬁFéu?Fo%) In this

' mﬁ(ﬁn e shﬁl@d ﬁttﬁﬁha{rﬂgoﬂ@§c§]§1‘sze'tﬁhtt Qleg)'&%es% ldEsrcH 1H g{ﬁure

regi on nozzles 204 of the stri but pl at e
bblscatsb akangdarf piohn ch hmatingélrersat e o dunmentlmhfoah maths danmse

cl udi t he .recaover em 12 ure
LEE o AT B ar s et 104 bppae Sondi asedy 102
tl'ﬂ@y Rotd Qs%@@épbh%h é@@tré%ﬁn A 3Rt ?% HRIHER f08hyiths&
her'ein. The bottom portion 300 of the FBR contains

sinfercomg prastmers|stegs @0thoutwhy ullnt omtvelnnsl tetvgren Eredurghens esritor

i SRR A

NREBN hddzRS LOPLHY thodizliBfordade 1 BO0MouldbY SHhaidrod] dntite@gtei N
a conical grid |Iocated above the product w thdrawal

t tpbese30ch aSWSDWG@tnclmi@E‘th¢qeq0®erbéysmuh% by theory, it is

0B o <GP e R v er e b SAFRAERES

f ge6oro38 of 8 EBRSLitdbRITo0RSs has. dhebitideh @ason J00oeak FBR
nozzl es 303 are oriented horizontally to reduce the

pmwatsumlucwypaﬁmles\&@érydg@ whemslarge eenvgharitittepred adoadurin o
Shc{raev(x?aq tu%gl f | ﬁ%&%ory % s?tggéﬁ%%? a%lg ﬂndrﬁg%n 19[65 ngr%}{

no nore

h
F%‘%%EWH .*%(j“é‘?%%l%é@ﬁ @?%@%@9‘2 #5208 bAR Bl ocared
ozﬂ:ioﬁ/é the prod 6 Wlnhdltawal tiee308r MWfithoetswistriez e bmltneldby theory, it is
ont a he FBR wal |l 305, .Two I ar
e %fél fntlﬂ%goa %3@% BEhF SRR yakangg oL ey
oﬁhrﬁg‘% %?%ﬂ@@l@ fdell %%(d@ﬂo@ﬁ@n gefs ahdd @tcﬁlhg,g }g‘e[sﬁﬁ ec{‘éﬁl\gg)\éﬁés 303

onhe skilled in the art woul d recogni zet
exrd omnuﬂmoazcamaélye«edmealnwprabwﬂmﬁor Weepagd crfgilicd'mgarticles 301

Eigir,oléﬁ o%sc? g3 (giﬁnf I C@ }Sle ang?e orpal}/e comcalfg%Ei may%ngo more t an 6%
degrees above horizontal, alternatively 20 to 60 degrees above horizontal.
[0022] The injection nozzles 303 have horizontal orifices 306, i.e., the orifices are
oriented horizontally through the FBR wall 305. Two exemplary embodiments of the
horizontal orifices 306 are shown on the left and right sides of the figures, however,
one skilled in the art would recognize that these embodiments are exemplary and not
limiting. The horizontal orifices 306 may be, for example, holes bored horizontally
(306 left) through the wall 305 of the FBR or the horizontal orifices (306 right) may
be at the end of nozzles 304 that protrude into the FBR. An etching gas stream

consisting essentially of SiClg is fed through the surrounding nozzles 304.
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(306 left) through the wall 305 of the FBR or the

hori zontal orifices (306 right) may be at the end of
woemploe®s8B804 t hat protrude into the FBR An etROI/N§0ga6860310

stream consi sting essentialdy of Sid4 is fed through

t he surroundi ng nozzl es 304. Si enens Reactor [0023] The

Si enmens reactor used in this process nay be a

c Si emens reactor, such as a Sienens

rg%%r d‘q@cl osed in U S Patents 2,999, 735; 3,01

1[0823; The 8@heOZRictarusdl 19611&3 ﬁl@@ass E@y bei‘a(aﬁmd:rfﬁpnal }S&hﬁhé on

of the Sienens reactor ormed as foll

PR Sk &1 3 PIABCISiTeIctos Hls‘éléféa Hr‘gésf’%wnés Y Hece; %%lrlﬁgﬁt

a t

S L RS Sk R

apeofiolred ds;foll%wbr Pageaystilher dlivyn kadmdsgregpldded ogighTand parallel

U rod d I h

rfaﬁgiﬁs E}FF wﬁez eme%r}%%t%t E@%o{)@&%g @é%effs ﬁ)@%t lgligy(fbeooo

Oéanh&teh 120 a%hma;gtae&fagé 't%?éb\g f %Oa 0%od. orrk 1LRAs 8€-
rray e o0 rate

he Si enens react at a pressure
r laﬂagd ogtilfthaynedtB a kdﬁa)e(azlrpsmgl)lg from3460C kJF!a4QOSOOalpsiag7\)e,ly

hOPLRRRINERG &gt 0l LB dneShmkmdey o e

@c&)ced ak Q %%reTrEh?ghr% hausiog 'P§k15ae(e‘i$s %}’it% 3480 H%QS@(Ppsﬁg?ﬁe

Si enens reactor rough an inlef in the base
Silemangly eklh @@Slgh'@)ﬁ&(bhlbr@@(épswmndgbﬂnawdlym@ BP3(1 bahe

Si d.gas may optionally further conprise SiCf
§°%g§gﬁ {Q& %osited fromthe feed gas onto the Urod,

t ine24bYrhi BRhRASIADds hefed i ARB S Bhe R redcR tHeb %N inléi8n the
Sienens feed stream may conprises 5 to 75 HSIi C*. The

Srasere P Sieresds frad grrayaycomprisedwdozonBidiificl. dhe pigngnsFeed
per nole of hydrogen to 0.3 noles of HSI G 3 nol e

0%as AN oBRLLY @wﬁ@pxisﬁeﬂiﬂ}u tSH'@OISiSéiﬁw'gedrfgé@%@é@dﬁa%/

OOI{iT@hﬁif@g : ?%emnép‘aeﬁ?%*?n{gél}e 6éer tlﬁ;ﬁ;{;oggg‘h fydr e to
V\étl%gﬁl%g eD99nd 7BY, HRRYE YThel Sierhchs ?é%@ r?{; o ngé']e

anount l'ycrystalline silicon pr oduc from

20005 thSle Pt H&cglptelem@bf MRk dger & 978 ioled Of 1%’31(: ghoRoft he

total quantity of silicon contained in the 'S enens

f lp@eb ggmsAnayativelyohé Siemeh ftadapas g cddh@ive 093 s bOHSICl3
Fl ui di zed Bed Reactor [0025] The FBR used in this

i pev erotd @ rhycﬂmgenbe 045 owirs entBithaper BBR, of Sydiogans VaiteBR

di sclosed in U S. Patent 5,077.028. For exanple,
opishiag todis befind hetheBR 1tnta§hob§1t that the amount of polycrystalhne silicon

product ranging from 20 % to 50 %, alternatively 20 % to 40 %, based on the total
quantity of silicon contained in the Siemens feed gas may be obtained from the
Siemens reactor.

Fluidized Bed Reactor

[0025] The FBR used in this invention may be a conventional FBR, such as a FBR
disclosed in U.S. Patent 5,077,028. For example, operation of the FBR may be
performed as follows. Seed particles of silicon are placed in a FBR and fluidized.
Sources of seed particles are known in the art. For example, seed particles may be
obtained by mechanical attrition of granular polycrystalline silicon or by crushing
polycrystalline silicon produced in a Siemens reactor. The gas used to fluidize the

bed (fluidizing gas) may comprise a diluent gas such as hydrogen, argon, helium,
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performed as follows. Seed particles of silicon are
pl aced in a FBR and fluidi zed. Sources of seed
w@aiosdees are known in the art. For exanpl e, BEPUS2009/060310
particles may be obtained B¢ nechanical attrition of
granul ar polycrystalline silicon or by crushing
pol ycrystalline silicon produced in a Sienens reactor.
Tﬁlﬁo%ﬂ,sorléstg%blfngti(fnl il lisZ ﬁlt&ﬂ&\@%ﬂthgfﬂhf&hz%{gzggg A3 MY
conptise a diluent gas such as “hydrogen,” Qar gon,
hehdtantg i (vhiol @fake @y thadeositibmgdsisogant hidh @@y be derived from a
Alternatively, the fluidizing gas and/or the reactant
gUEEt ZaRsIreaR IR & SiFFrephisad¥pos BF BePogiaen s sueaR 1aBgonaile
b8 oM of (1WA ek RS SR WY BARIERRES. e
reactor, e.g., t eposition gas stream may conprise
afllidiaing gaguoayt doompried a ddnbinagord ofgatlusit pessamd fal om porGoresfeins

reactor. Alternatively, the fluijdjzing gas ma
cHitp#dsseea OB TR SilPT ﬁ@ﬁ?osﬁ‘%’s?“at e ofthe,
DREd pIQ! ink RS iNNLir SRR S, SRRLIAN Rodil ATBOR GARGhPbe

[1con Is deposited on the surface of the seed
pambvel fesy the hlordead bey atdreore setidparicles say fhatrodsed.t i ng
P ct, in _bead farm may be remgved f he fl uidi zed
DORESIS o e G PR P EPgT B AT o s sBooe)
Akt BiseliaBAst 31814, ThE eEkiGe Qasrh@ﬁfrolpE&%ll%\@Jrﬂheﬂﬁclﬁ&% JilEht
ly of Sidz| . The

The et ching gas consists eSSenti'a

i Nublg a OAGo ¥R Yr ARbH) QJrahy ythéribha Merdokedt e tR ediilibieih of
gas (such as nitrogen or ar ﬁ)ﬁaé% , or any other gas that
dideseapfion dessribed abRee i paiapiapl 169 2 depesifietrmpden Vithout

R R
t iati@bivall bithe FRR tetichitngodasthelrthanesdepbuitionearie] The loear
the wall of the FBR to an etch node rather than a

d&poBpde REeY Rt drd/ orpraoyes sitifongdepesithprBie pial We e §BBnd/ or

. o A N .
(BT TR s R R Lk T i M G LR o
SR rAvd w1 104 20 tO G004 Land aldriatietly 1LIOCAE (231 *C3ANe Pfessure
and alternati Vel,% 1100 OC to 1250 QC. The pressure

| eibe FRE Trprkethlashe autosphezest omat b hHBpberes 0 13
PSR R Jrepe e e B Pres R APRRRTHER 18
aretognize ket the opgpniimé niaydt exdneplarp pret ndt fimiting rased oe the
exenplary and not |imting base the chem stry;
h%\ﬁ)é‘%ﬁé‘? ; g%“iﬂwffaﬂt/ g ?H&ﬂr%?ﬁl &‘g‘i““lg&qﬁ% Y CRCTRBRAAPAFe s e
O%@A’t@rttﬁa% BlyfosPhE&sur e greater t han 15 at nobspheres.

[ .

028] Feeding the vent gas streamfromthe Sienens
r [@828] orFeellingthe bgnt gmtsoednn BolRBR Srayensfidaetor dinetlpovathe &HR

of ener avi ngs. by havi.ng.to provide.less, heat  t

HE PERTC AR HaD! TS SR by GRG0 St danri vt FBR

ShRSBAS Iy SRS VK o TR eAPEbAMR didd8 reactor may optionally be
supplemented with additional HSiCl3. The concentration of chlorosilanes in the feed

stream to the FBR may range from 20 mol% to 50 mol%, alternatively 25 mol% to 35
mol%. Without wishing to be bound by theory, it is thought that excessive amounts
of fine powder may form if the concentration of chlorosilanes is higher than 50 %.
The average diameter of the fluidized silicon particles may range from 0.5 mm to 4
mm, alternatively 0.6 mm to 1.6 mm. The residence time of gas in the bed of
fluidized particles may range from 0.5 second to 4 seconds, alternatively 0.5 second to

2 seconds.
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suppl enented with additional HS1Cl 3. The concentration
of chlorosilanes in the feed streamto the FBR may

wo angesissom 20 nol % to 50 nol % alternativel y PEI/IBiNH/060310
to 35 mol % Wthout w shingito be bound by theory, it
i s thought that excessive anobunts of fine powder may
formif the concentration of chlorosilanes is higher
t @ﬁbcﬁofhc{omlg Hl% gﬁsllﬁ(%la%%}l g%lgge{%taﬁﬁ d@s&gn§%§ra& nlil ‘%@m? may be

adldte@min@t by 61hQ/OfQ>rcﬁnamktﬂ® 1n]1he6arfﬂﬁﬁsed|' $evaries fd@m@ eThd miimdm
gas in the bed of fluidized partl cl es may gat gzge from
13

oﬂ@d@@@aﬂab%v massl@daﬁf&gced&yt W Hatrleng sov 3frglegaion.
Sﬁlﬁ& Bt %i?cp\lmc-gﬂ , j b s‘%g&saﬂ bRk R %%eraﬁi%gal
desi gn o jer at i ona OCI may e determ ne one

ofel®itdlinagby islkierckd byﬁfattha mﬂﬁdn’cg&&etdramfemd iknggc prapdridss .
The m ni iz on veI ocity nfl uenced by
f 2k asrl?lghﬁgﬁ] Bﬁﬁwgl 5@%@9 ol hes ard ey éfii%l?d sYeon pregyrepr if
d@l@ ?é_e@l %as sftljeédﬁ q)rééku?ré Q!%é EtI’M’SOfI:'Cglté ra‘ii@rg Sc'oﬁc}éntrzﬂﬁgs §f‘%ﬁaé&§

particfFe size.” The éperational velocity may be
i afdltheemodychatnye efmbibiours poinc| udi ng heat transfer and

ki [ roperti such as. h t of th | uji di.zed
oloS0n, o e FEine i nesh B gt Gone i bl e
PleEintél of Qfeldai Po'ﬂﬁ Bﬁﬁﬁféle@ %th $ie 1588 pRMi8SStHMife i9PSeland
sofi ds terrperature concentrati ons of speC| es, and

t frevmiDd Badsrmf Erelgquiiztaub Bi particio icharactdrioQ30Y tend tt foem redayively

rticl d i b

PR R B PE g HEY GF 15T BV RUST S bR bl

V\hiehthE @dulseq&gl@?efcu&ﬂz{tfoh of &%idf Althd BL1doH fhaBedrdRI ded ITRIWP
s of Geldart group B particles

mpmtﬂl@rtp e p@aﬂmdym therintetiey of 616?@@ éuatdndueing mllxan@@f the
b ub t he f rom,t h

SRET PIALE. B O AR e gy ™ e Bl R o, and
r @6 kdl R hdtiboMded 59 the B8bH18is hbEne@MAsHoimaphaSehabdectil Gear
bed. This action tends to be centered in the interior

othe e¢iger Pueito draspd thenmlc |T|hgs ferituee Aldpvistthe Ineenéanie @kfofnivantage
bub@ natu'f'z% ermeablhp So% the b g tﬁﬁ% IllaQ Plegéec%o Itop ﬁl(ﬁ dar h \"61%/1

didte

t I r
nﬂglrt%ﬁﬁ HS%%%%%%%@&%@%B@?%tﬁ%‘%%l s MRk o
apdribods; ahdh éheiwall avitharless ceattiledecdvmpbdtipm. of t he nat ur al

roeability of the bed such ha he injection of,
psﬁ&ﬁ r@&ﬁmﬁ@ “\/(éq it W? rFCOLg%‘ﬁ%I&‘ta gh¢ é%‘é‘elﬁrrjéﬁcglr 8PRIEY 1Ny
UlE’atéhfalﬁod%?sr hRNBL %B}@Bpér!ﬁ@s ‘f’l\@cbntﬁw&é SrekankelhdddoR, RORG
of p t he

ticles an ess reactive feed
chmsmsam ¢oorposifi@OBaingOhe Sshehs remttar may weryautingvhé bourse of a

e RN T Dt SRR
Fiib BEh SR Seméi@eaé®R may be combined to form a vent gas stream fed
directly or indirectly to the FBR as the deposition gas, or the deposition gas stream
fed to the FBR may be supplemented with additional HSiCl3, SiCly, hydrogen, or a
combination thereof, for example, to minimize variability of the deposition gas stream
fed to the FBR. Furthermore, the vent gas stream from the Siemens reactor may be
fed to one or more fluidized bed reactors configured in parallel. Without wishing to
be bound by theory, it is thought that supplementing the deposition gas stream with a

chlorosilane comprising HSiCl3 may increase silicon production rate. Without

wishing to be bound by theory, it is thought that supplementing the feed gas stream
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gas stream conposition | eaving the Sienens reactor nmay
vary during the course of a batch. Therefore, one
wa@kiiblos®se n the art woul d recogni ze that vent PeEBE®ES2009/060310
frommultiple (two or nore)l2Si enens reactors may be
conbined to forma vent gas streamfed directly or
indirectly to the FBR as the deposition gas, or the

BRI RLAR R P hFEAT T il B FRom, shgum or,

aexampleiimBigiven ) tdee BBR with@iClg xagple@ent hadedired d’fpdﬁlon such as
variability of the deposition gas streamfed to the
F@Rhe FBR twhds, frorte, wdlhend éet dgadust t Bam from t he Si enens
r be . fed tq one or nore i di ed bed.
D o TRe e b heohEmeheedy. ot Fie SAoR of e
b@adnd¥or YRRIOOY % tb 50 1S of NP thedRAdal ﬁb!ﬂﬁiu&n%"tﬂo'ﬂgwfsﬁﬁg
deposition gas streamw th a chlorosilane conpri sing

Hsibeibgundgy thagey iemgleought|that @mpﬂpﬂr odiaotagzoef thlapl@CGSWStthﬁtﬁ tte

h t ht th

R bR R PR BN R S ns et gt SN bt
gﬁﬁ aBlt keRpbslddicoh MGerd e@&imegbeg@s 130reamthbddhed prRhg,
shown for exanple in Figure 1) to the FBRWlth Sid4

nﬂ}at getaladlows dordles i @fdledéyg@sﬁtftm bna Beforrllagactsn resieiveBR
W ka’f eg?u%t ro\ﬁ@{ Ilng%lsa%geef i n Stccr)rlnrtﬁl(’;}ﬂoruse EQF[BEOSZ]
wShIT 0 ound €0 e nay
hav&asgdeposi tion of the dlfference of y| el d, 90 %to 50
% or 40 % of theoretical nmaxi num Wthout w shing to
bf@ﬂﬂdu @ ByrPesaedrihis ﬁEPhiC%floﬂlhtb%l gibelosureaaf reapges indpdes the range
a
(tis\é?%fggo N thﬁrg ? fsen{agse \‘S{Q &rs Oeh?;fbﬁnts gor examéale

r @aﬁdsofe oflh @m@é o700 e8P, GGO ﬁqtlﬁdbsmhﬁdnly the f@pe &0€ td 400, but
deposit silicon at tenperatures bel ow 1250 OC at

aﬁﬁo@,@h@» H00gapd &, 6@(}3111(117@3@1% & g1l asany eheyr nugerfabsugied 8
h
f2tn0d | " y%eat égls?g‘ déoqulnlge O?Q&Iegﬁmplewggg éo %OO includes

resis tube,” or ot
eth sud reides of) &up ecxmnpi® N1090 tsk4Diand 3,06t IPI00ceseell o ARBRher
For purposes of this application, the disclosure of

r SR geee ReY e therangeq @éﬂaf I <the ¢iscdpigreat Ml exovpiy
Si0s etnﬁl%rg%lfﬂ’ an@ﬁlsef\@b} 11}%8@1?22 q{%ﬂi}f%ﬁnd &8 %rgggs%gwgtuﬁled

di scl osure of  a range o I ncl

othbrgint frer examgle, difclof06 of the MatBh gloup hedrsgen/BOICI B5T;14, and

1000 and 1,400 individually, as well as any other

ndbieeludns iumaenebei hydrégen ialingdiall Fuha subgrogr BS1(H &l SoSlyr and

of a range of, for exanple, 700 to 1,400 includes the
@m othgh ey idyal mergfrer é\adasz;g&reup subpuwdhsren. 400 pamescs oD

| A tdg HE) suned in
gﬁcaglglgéhea%lléﬁn@sl grla@'l thg s’a?aglggerf%?ggﬁl\% Ush gr oups
| R&biteSystee entire gr oup and al so any i ndi vi dual
menbers and subgroups subsumed
[0034] The vent gas stream frorn the FBR may be recovered by any conventional
means. The vent gas stream from the FBR may be cooled using conventional
equipment. Fine silicon powder may be removed using conventional equipment such
as a contact condenser, sintered metal blowback filtration assembly, or a combination
of a cyclone and filter assembly.
[0035] Alternatively, the vent gas stream from the FBR may be fed to a contact
condenser to knock down the solids in liquid chlorosilanes and thereafter the fine

silicon powder may be dried, e.g., in a spray dryer. The resulting silicon powder may

be neutralized and sold. Alternatively, the fine silicon powder and chlorosilanes may
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therein. For exanple, disclosure of the Markush group

hydr ogen, HS1Cl 3, SiCLi, and HC i ncludes the nenber
whydoosss | ndi vi dual | y; the subgroup HSIi O 3 aneCBUSN9/060310

and any ot her individual nmasber and subgroup subsuned

t herei n. For pur poses of this application, the

articles ' and 'the' nmay each refer to one or

) an'
r%__og%%& Qﬁcﬁg{)o}{ve%éﬁ &M Qgrfés o €e ¥ENe AR R FJ tﬁélg?efn

recovere conventi ona
Tﬂa&tme ne glaEedslh theeaunn woubdbet db& tE Eﬁlédmyultaele caoled sys&nﬂ g
conventional equi pnent. Fine silicon powder may be
r BHRAVEENAYS PFRSTIRISHYER | onal equi pment such as a cont act

Cﬁﬁl%%%g‘i%phc%ﬂ'ég?r ed metal blowback filtration

Y, conmbi nation of a cyclone and filter
af9836Th 1 WithquO@BBing Al tieetonad byvibéayy, it ik ehougnthaghs eshmggfm fed
fromt FB to a tact candenser

KPFaEiRe E§ a? w@nﬁi%ﬁﬁwﬁnff fhe F‘?aa‘tlﬁ“&n } dePogipe taﬁlaetch

t hsdeeafdvelert lgk%ad‘sb e c§1'1thb1ﬁfaﬁ opﬁ’iwgﬁﬁm??é/s 1p§nﬂfﬂeﬁgve {6 11

, In a spray dryer. The resultin i con powder may
beversdlfeadarhte 2Eghsemnatosiod KBR Alhet‘tmihﬂaftﬂnmélbmstry hethé FBR remains

silicon, powder d. chl o DSI| es e recovered an
BRSO 1 BB gﬁ%@e%ya‘@é&wg@ Bhiteo
U PER SIEPRAR WiRARLER featilR d%ifdsﬁt oﬁ%aé f2d tdRe Alkna obﬁ'le
able to select a suitable recovery systemwt ou

uﬂldﬁueedebcg e\ntlhnmrprtaimmggl excmcvggtnpula? ofAtyptI angd a/hih lrfrdluyed[gmﬂﬁ]
R S R G B8R SuPichE ERhike s o RO WA

| pGakinors mefgm&megc%gd he®din fla P BNy BEPBRItS b&@atm%emieo
an etch node. However, because the contribution of the

e@oaahnwgs gade fos arsmﬁnldedr fsriad pRigme, e.t e deppsition df slise doest e

f
Cies FRRES P st OO o s B s oot B B aliteg
t @hdrentbasner dyrFBReory, it is thought that the FBR can
o erate with nore reactive deposition gas fed to the

Etlnalihe cegbiaed kepefithel ol dupkity ofi faseé andaeecoiytsy peraciéi ng
dust
SHF BRI ARG Mha R Al A BN R RO Oy
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[0038] One skilled in the art would recognize that the disclosure above relating to

SiCly and other chlorosilanes is exemplary and not limiting. Other halosilane systems

could be used in the process and FBR of this invention; for example, the silicon
monomer may comprise silane or a halosilane such as a chlorosilane or a bromosilane.
In this instance, the etching gas may alternatively consist essentially of

tetrabromosilane when the deposition gas comprises tribromosilane.
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[0037] The conbi ned benefits of no duplicity of feed

and recovery systens and easier heating of the process
woray0/08d669 t he i ntegral FBR with a Si enens reacPOTI/US2009/060310

process nore nmanageabl e and4econoni c. The

pol ycrystalline silicon product of the Sienens reactor

may be suitable for either solar cell or integrated

circuit applications. Thqjgghxprystalline silicon

product of the FBR may be suitable for solar cel

appl i capiocscdnidddh: One skilled in the art woul d

recognlze that the disclosure above relating to SiC 4
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regi on, wherein the surrounding region is between the
i more theatallrog giedvicared bed wadtdr. of t he fl ui di zed bed
reactor; and wherein the anmobunt of the silicon nononer
in step 1) is sufficient to deposit silicon on
f.ui dipredroRids bEQRnPA %h&'tl%gdeb&ltﬁ)nrgﬁﬁﬁﬂbﬁ%d%%ﬁﬁa lacaked
above the heating zone of the fluidized bed reactor,
asigam fiwmemBemensafac®i.Cl 4 in step 2) is sufficient to
etch silicon fromthe wall of the fluidized bed
reactor, 2. The process of claim1l, where the
depos e BfocEBSf E18intE Wh¥RA vefitlt fred@TonD@R of ioRABRHEEM
a Sienens reactor. 3. The process of claim1, where a
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Iﬁ@&gagmﬁmgmﬁhenens reactor and before entering the

4, The process of claim 3, further comprising supplementing the deposition gas

with an additional chlorosilane species.

5. The process of claim 4, where the additional chlorosilane species comprises

HSiCl3, SiCly, or a combination thereof.

6. The process of claim 2 or claim 3; further comprising using silicon produced

by the one or more Siemens reactors for integrated circuits, for solar cells, or both.
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fluidized bed reactor. 4. The process of claim 3,
further conprising supplenenting the deposition gas
wowdib/osdssaddi ti onal chl orosil ane species. 5. TPET/US2009/060310
process of claim4, where tihe additional chlorosil ane
speci es conprises HSiC 3, S1Cl4, or a conbination
thereof. 6. The process of claim2 or claim3; further
c ri [ 1. I e
S?gpner@E ?g)g%t% 8?%11 flﬁ lar wn‘g)?&ggglsl? s1f1(?)‘ﬁ p? ce?ib rﬁ?J
cillised ted rdxofohiof sdﬂiileem ocess of claim1l, f urt her
conprising using silicon produced by the fluidized bed
reactor for solar cells 8 The process of claim 2,
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hydr ogen, l'i con po r, and proce
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t hlecod @pwddr thioonthg eent o strépen bdforr diedind thyedntrgaa gitcom a9 thiehe
process of aj,m.2 e the vent gas streamis
o@)@?%’i’% g5 10 th%g‘tug%%\tﬂg&eaﬂ %h additional HS1CI3 to form
the deposition gas, and the deposition gas conprises a

concentration of chlorosilanes ranging from20 nmol %
t 9) 50 T provsss Of atiian %; miersdks \sht g atraamds opifeaslly supplemented

ce t.rat. f 0 nes ranges fron125 ol _%to
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reactor to a reco system e process of
cIa|n111 where the second vent gas stream conpri ses:
fdro%en HS1Cl 3, S-Cl 4, and 3 The pr.ocess of
9 progegs ohdpim N’&Flieélilwn‘l@)““?t@@é\f} ehlpiqtilangdpRpge Hom
% o GhdpOr @ combination thereof. 14 The
process of claim 13, further conprising 5 feeding the
hydr ogen, HS|G , or both, to the Sienens reactor 15.

The p cess Ia| 1 further rrsrn addi ng
t G561 OLSIR B 1vir UG  RETIE 2 seeoad Jeabi n
S§t1%_9m¥1)om]tﬁe tﬂﬂglz&f RagSRtPfo LledviykIstehUr t her conpri sing
adding the Sid to the second stréeamin step 2)17. The

process of claim 11, further conprising 4) recovering

812(.:' Th% ?)po\égsrs to% H%m 11, where the second vent gas stream comprises:

hydrogen, HSiCl3, SiCly, and HCL

13. The process of claim 12, further comprising: 4) recovering hydrogen, HSiCls,

SiCly, or a combination thereof.

14.  The process of claim 13, further comprising 5) feeding the hydrogen, HSiCls,

or both, to the Siemens reactor.

15.  The process of claim 13, further comprising 5) adding the hydrogen, HSiCl;,

or both to the first stream in step 1).

16.  The process of claim 13, further comprising adding the SiCly to the second

stream in step 2).
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the Sid , to HSICA 3, and feeding the HSIC to the
Si enens reactor or the fiuidized bed reactor. 18. A

wo pubasmsed bed reactor 300 conprising a bottonP@DUE20091060310
conprising injection nozzldgs 303. 304 oriented in a
conical grid above a product w thdrawal tube 302,
wherein the injection nozzles 303, 304 have hori zont al

of4 fig Thefiui di f
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dihg SRS taliICE, zhﬂrfeezlmgtﬂad HSi20.to the mﬁﬂmdremm it frugdized
using the fiuidized bed reactor of claim18 in a
pPegeEEr conpri sing: 1) feeding a deposition gas

conpri sing hydrogen and a silicon nononer into an
internal region of the fiuidized bed reactor, where
the siA ﬂnidnedmmdmmtor B&) weipeising d béttanmpdstidtcoarpeisibingction
and th OSJtI gas. is introduce heat Zone
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into the heating zone of the fiuidized bed reactor
through a surrounding region, wherein the surroundi ng

r bet the i on an mall of
L' e B Blreteaot B DRmi Bedmr e iGinan S0
t@Qm%%%%&Qmoﬂﬂ%ﬁﬂﬁﬁﬂln step 1) is suff|C|ent to
deposi l1con on fiuidized silicon particles in a

reactlon zone | ocat ed above the heating zone of the
23t o ABFrPERaFrs e RS B AR D Rt] f k"
f¢¢mﬁ$@gd bed reactor
1) feeding a deposition gas comprising hydrogen and a silicon monomer into
an internal region of the fluidized bed reactor, where the silicon monomer is selected
from SiH4 and HSiCl; and the deposition gas is introduced in a heating zone of the
fluidized bed reactor, and concurrently
2) feeding an etching gas consisting essentially of SiCly into the heating zone
of the fluidized bed reactor through a surrounding region, wherein the surrounding
region is between the internal region and a wall of the fluidized bed reactor; and
wherein the amount of the silicon monomer in step 1) is sufficient to deposit silicon
on fluidized silicon particles in a reaction zone located above the heating zone of the
fluidized bed reactor, and the amount of SiCly in step 2) is sufficient to etch silicon

from the wall of the fluidized bed reactor,
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