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[err] 45 where pis the density of silicon, i.e. 2.32 gnicnB. Hence, Ap in
this instance will be: 50 55 5 Eplgsg 02281027 B1 6 x 354 kg x 1000 g/ kg
650 x [err] cmx 2.32 g/[err] 2.124 x 106 1508 x[err] [err 10

2.124 x [err] = 14.08 x [err] 0.1508 [err] Assune further that the

operator wi shes to deposit a layer of silicon of average thickness of 1.5
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is given by the relationship: Si required = [err] = 1.5 x [err] x 14.085 x
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i ntrodlced at 65 SCFM (1%ﬁ-ﬁ5—tﬂeﬂl4tbé %0[100\wmTg cal cul ati ons show
the rate of introduction ©f1208 L~ 45 Terr] = 1errj/nn x [err] x 1000
/[lerr] x [err]. = 9828g or 9.8kg of[err] per hour This amount of hydrogen

I s equal Assim8 RRdr 2naP the Dfckélor WdNBS toQlapdal @NABIEH siih of NeéFage MickdsIGSIS  Mitkon to
concens r akikeOfie Qlist 4n MY SirfRI ¢ A partidied AehefCd ARG bERMBS PartQdd ti@dSarticles) - 1Bén, Xhet 914)
+ 0. 96 osmalkifof BitidoR %o IS depdsltaiiegivandly teteldtiofbhpd) per hour, i.e. or 6.55 kg of
silane. Since only 5.9 kg of silane is required for depositing the 1.5

[err] layer, the operator V\é“ feed . the silane at the calculated rate for
0.9 hours, i.e. 5#4 HTAREEEQRcA¥iAP Hefositions are 53.7 + 4.9 or 58.6 kg

of \si,l#con. Hence the operator ga i t hdgaw 58. f pragucg fromthe
rea\E{or, cal cul ate the nunber o?'gr%ndélgt Sgrl’ﬁ &Igég’%ar’(r)ld‘ 1Bhi sh the
reactor with the same nunber of seeg palt B2l kg.and repeat the cycle. 55
The anmount of silane introduced int®O trr;g b ag‘r&r as a second deposition gas
generally consists essentially of 1-5 Pe 6 cent silane in an inert

carridf gas. Such a silane concentration favors chemnical vapor deposition
substantially free of hompgengogs, §eg0qB@Kgicn®n at the preferred process

t enperat ur e, 1000 cmT

30

= 4.9Kg of silicon

if the operator assumes a 95% deposition efficiency for the silicon fed as silane, then the total amount of
35 silane to be fed in the second deposition gas will be

Silane required 4.9 y 32 = 5.9 Kg. Silane
Y 0.95 - 28

If the silane is to be provided in a concentration of 4 mole percent with hydrogen introduced at 65 SCFM
(1.84 m%min, then the following calculations show the rate of introduction of silane.

45 wiHz/hr. = 65f%/min x 0.028m3/ft® x 1000 /m® x 0.09g/1 x 60min.
= 9828g or 9.8kg of Hz per hour

This amount of hydrogen is equal to 9828/2 or 4914 moles of hydrogen per hour. At a desired concentration
of 4 mole percent in the second deposition gas, (0.04 x 4914) + 0.96 or 204 moles of silane must be fed

§0 per hour, i.e. or 6.55 kg of silane. Since only 5.9 kg of silane is required for depositing the 1.5 um layer, the
operator will feed the silane at the calculated rate for 0.9 hours, i.e. 54 minutes.

The total depositions are 53.7 + 4.9 or 58.8 kg of silicon. Hence the operator can withdraw 58.6 kg of
proeduct from the reactor, calculate the number of product particles and replenish the reactor with the same
number of seed particles and repeat the cycle.

85 The amount of silane introduced into the reactor as a second deposition gas generally consists
essentially of 1-5 mole percent silane in an inert carrier gas. Such a silane concentration favors chemical
vapor deposition substantially free of homogeneous decomposition at the preferred process temperature,
620-650° C.
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Although from a theoretical point of view it might be better to operate such that all silane contacted with

the bed of silicon particles decomposes to form silicon while being contacted with the bed, this is generally
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silicon particles is above the tenperature at which silane thernal
deconposition begins to take place. The process tenperature is further
selected so that the relative rates of (a) deposition of silicon on the
parti agke surfaces conpared to the (b) rate of fines formation via
honbgeneous gas phase deconposition is within acceptable limts. Wile the
tenperature can be any tenperature between the thermal deconposition
tenperature of silane and the nelting point of silicon, it is
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25 preferred that the process tenperature be within the range of from
[err] to [err].; nore preferably fgpgaegopipiQ [err]. The preferred
tenperatures given above are selected for use with silane and by such
considerations as the level of inpurities picked up fromfeed lines in the
reactor enpl oyed, and the degree of honbgeneous deconposition. Uilizing a
different systemor a differ®ht degree of honbgeneous deconposition, the
process can be operated ver Il with differgdt peweferred tenperatures. 30
Usual |y the tenperature foratyed i R JFMIc Ei&ﬁ f&are about the same
since_i € is inconvenient tqg3d&ange the tenpergiure bécause of the high heat
capacity of the apparatus, e$pecially when it ®s conparatively large in
size. Table | gives surface dust neasurenments of typical fluid bed
operation at conditions fav@ring high productivity. The data were obtai ned
fromthree different sizeggaftors JRBARPS QRRAFYYIQ dianeters) as 35
shown i if Figure 1. ParticPe®stze, silane concemtramM¥ms, and bed
tenperature were varied as indicated in the table. These data show a direct
rel ati onshi p between the reagﬁgr productivity and the anmount of dust
adhering to the particle su®fqate. To produce polysilicon witf an acceptable
surface,gdust level (dg., G@liwt. % with a reactor operated@using typical
prior art fluid bed "erat?'i_gg procedures, reactor productivi!y woul d be
limted to 10-20 I b/ [efr® §49- 98 KW EN ]S v % o~ HowegZer, because of
obvi ous econom ¢ congjder @EtWps, I IRRSTESIXaEE RE pirate &t higher
productivities and, Mch hi@%r productivities are usable. Eganples of
hi gher @roductivitiesmlare given in the table. As indicated aove, the
process of this inver@ion conprises operating in two nodes, @#ne of which
enphasi zes producti vi t her enphasi zes product qualit§. The node
t hat enphasi zes prod y Spot? onky; proyidess 2heM 84! vapof deposition of
silicon on silicon pagticl ut al-=se -pr-oﬁuces:sq::i—c-en-' dust.eSone 45 of
this du%t renains:() héred to the produet surfaces an§§ is
detrinmental to prau ity. gh ﬁ%lgtlgat egphasi zes profluct quality
conprises operati % Ve VLS t'#qs; | owege dust gr oduction. The
combi ned operation of SbsoRisifept®al e prosuct at hi gher
productjvities than & & procedures. Rather than renBving the
unwant ed dust parti cl@s, :§ erazl‘:o‘ﬂ:b§@nt§‘-thi'e_-qnust t o&t he product
surface. Thus dust pri#lduced e dn'r'g;fpﬂoduct.icwtﬁ'mde exgnpl ified by
Table I 50 can be r nmount foll ow ng&the procedure& of the gl uing
on node descri bed heu'in antl 'l lustrated by the exanples. 55¢8 EP 0 258
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To facilitate maintaining the desired temperature in the reaction zone, the gases used for silicon

55 deposition and/or to maintain the particle bed in ebullient motion can be preheated prior to introduction into
the reactor. For example, the hydrogen can be preheated. Preheating can be to some temperature level
below that which causes silicon deposition within the distributor. To help avoid this difficulty, the distributor

can be fifted with cooling means. Moreover, the gas should not be heated so high as to cause an untoward
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preheated to a tenperature of 300-[err]. The process of this invention is
conducted using a fluidized bed eed particles. These particles
are of sufficient purity to be a?geﬁ??b@r?ﬁr t he use intended. The seed
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‘percerff &yst an e paficlasdp giyp on to.the pagicles gackferamine mpr%t?kpf?q‘fcthw thg @dritional fayeriie

time reqﬂ?mﬁﬁdt?gﬂg ggticg:rsg%ﬁq f’}%gdhet’P%I I r{ﬁ q%E:o ct)f 83258 t ni cr on D b apor

t hi ck Ve ! I
by %;&E o gn?nbp%p @gw %ﬁgﬁ’ i
addi t |39n f'é' tn:gelé s[ :ﬁ&ﬁf here gro 'I

achi eve ‘%draa h \;iﬁ"%md 1e s on ep05| |on a

conduct el 7 erafﬁa Aol éfke% 9 J%LO .‘&6 taoshsﬁuaa.o R e tgoncpd

di m ni shgym 5 fg} EOGin SHIkR the
silicon ﬁﬁ in, & é{veh tbelb»$ dﬂé bt E‘rﬁ“ﬂ tﬂ Q%ahdnaru smquhe

qual i tgy- mad.a Had a:tap\s.e&.ym&&f@atm rea&. laadt. S%Qonepéﬁfc@ihbgﬂo&ﬁ& Si4ho 3 be/lidbd HHthg K1 Y
return t @edohte dbpofiflon IsO8 Liubritity hist éaa 5o it} &isreNy Cddlimaéd ByY chib@atibi, O4h8 Ssinch Qhd €
conduct edoriéntrationiofdliafdVie thdlsbcoRd @spusition \Gad Hust BS Eomparaively Rwesoak totpsrate a4 depibry Of
keepi ng whdrg enhetriical Vapor siegmsitich isl Bipits fatdre))thg Sihe tidratibn when the sbaératga®is employed is a

i nfJ wenc depehyent ratherftizentan ingepefdentiariablet i s general |y preferred to select as

t hi n am addienérallyagootl sepults aresobteinkd wisshftheolapsed|tytal dime.twhich jsate suksof thadiow diratioon e
“exanpl e @i therirsh ebchgpcongf depesitign periods, liowithine the range plohd tnS héiirs 1Ase.sapod sesdlistdronal
dep03| t i Gblaingg whep ﬂﬁd'lTSt [deresitiens e i2cte Sdintee aw fong: vt duration SRR $0q cﬂQBQsiﬁO'Béc?%nd,
si nce t h@efpfred) i usgra Bropass sequencp avhereithe fraldepesitiom geriod dg fiem delfo 9 3 i18rhoprs iy
quant i t y dupiion apdiihe prooqds fromy 1’6%%31’ ugsdn PReFRtieN b caI cul at i on, and since the
concerffr at i FGe{oERlY. dhg %ﬂ‘i@‘d Sfian §%sc s b stl°T°Teb 'l?% elapiep dom e | y

| ow so aée"f“ a‘B & érf’ {%} fie é"r dhe %ﬁs '?/ RS |F§""ﬁ‘i°§h| y

nya;
favor ed, |st{not proc rmm oond qus 9&(18 IdsThe s i r?cre]%?nt
rat her t%”m r¥m tie roactor .ﬁcﬂ
obt ai ngd Haey i} étf-‘&no ﬁplla.ﬁsh i éeUéTbé?ﬁcle |n abo ve,
dur at i S rocE ecaflbs% i rm%e S R Boposkts 55 hage
of 2.5 t@mes.hours. A so, good resul ts are obta| ned en the fi rst
deposi ti on Anfiodgh @B3c2redufls BrelachBved B chrdliding the Hricadsi AN @fichiAuchS BMAksing one
deposi ti @dactod ds deScriBécCdtve, Rk oD ndtESaid 1P HOSE AllerFBBHANE Brodds€ 64h HeltBndubtebén a
deposigi alucipMbre @ohtihbus b2313) IR thik/régatdreféreddeds MgdsnGligure Zlur ati on and t he second
I's from 1/ 2n tiigurd 2,1dedctdr GiLie @ fiulize Bsdadeacton .subbantially ad>destribed above ahdes epi@adn
deposi ti digurghsThé reavior is chacggd: withe badir ot sillddn seed portidestronsine h2ssaetha tupatithé reaciort he
t er m nat ia®showh. Wndercthereeldctediréaatian rpenditionss withigicthe tepchings tlipre, $hecmed db fiyidized and the
contacted with the silicon particles substantially imediately after the
first gas has been contacted. It is nqp necessary that the process be
termnated after the second step is conducted. The sequence of




the first and second deposition can be repeated after renoval of product
fromthe reactor and the addition gpoosgodesd particles. For exanple, with
product renoval and repl eni shing of seed partlcles as indicated above, the
process can be run one or two weeks or nore by repetition of the deposition
sequence 1@icies thaminesontagtedsyith Aetfired dephsitipo ges. itdsspréfersd as discusted @bayd thal this first gas
conduct i ngbet fanbyure ob Sk oand Has Eetignetad by IGIRST FAANEH SGAR] iortke drewing)ofhingas is
descri bed ipirngyesd inte thegeastor vigdipe 33 dn Jhetreactpn depositip plesilican Pﬂﬂewommm o silane
can be corR§G¥s a3 akone desstberh reslting inoarewshyof tha sllieon nedicies. deppsitior of S on the

r ef ekende §UHachRfjgaid particle GP%e"Q"a“P'h“F’F '!PF'@ fines “F%&‘E‘f%ﬂasla"ﬁ’ By groduct fiv) Pﬂ%‘dmﬁ‘@ﬂ
react or sde‘gf 4 }h\%g:p é°§?,t?" % %’Eﬂé dgd phpagtipies 3 taken off iy
reactor is@ 63%(' 'F I'si '8'8??" 10 dhe 1St reaptpn Wit af"?'tl?ﬁ‘i" ® q‘?e"aﬁ'ﬁ'eﬁ@ar

e et

the top of ™ i %ﬁé’%’?’ﬂ " der tge el.ected re I%n cgndi ¢

wi thi n weﬂams% i &5)?\1"?;0 ﬁgéz't g %&Eﬁ des. PRS0,
|¥°’”r&r Hme cle

Bl particlg L«ﬁm

preferred a,ﬁa sS&waé uhé @é%nbean emr l&.ﬁas xnttﬁerf:Lhctor
and[ err] (#@adnanghs tyawger; ﬁrgﬁ%&ﬁhm&m leadttis>canl B kPithet bt both dastoldaS
I S introdugg AU WilhSildn8 25 b4 onfordottiek BAgel 3- I N the reactor deposition of
siliconsmand dﬁmsamsbamehane %orﬁhéa%ﬂﬁcdﬂ%@ﬁm&eﬁﬁarﬁth@% bdéh‘éé‘ddnt}%mdr%&ﬂi&mtdfﬂﬁ in
growt h of fesiand i GComadl withCthe artidied 19 Hiet de6dhd Qbacti. [ €A rish ibe Wperatdd & different
surface of teparalurp.clihb iabdve Fliscudsich ednceringodpetionadf aaihgle t(FBOssdtor pplidSto \sbridbctiag el er
gas and byprpresdotto reeetdrsogen t hrough exit line 14 at the top of the reactor.
After the particle growh, a portion of the bed of particles is taken off
by unei’OlSE)ﬁ@ath he bottom of the reactor. This is replaced in the first
reactor with additional seed particles and the first deposition in that-
react or cont Arf@ e bedohgilicps pariiclas g eharaed) torthe 14.9inal G&termcliametepieadiyr apd epgeated

t hat par t i 01 ¥L0pyrs, ina Semicentinuqus meda whareby W@a@@sﬂ%ﬁ?gﬁ%“reﬁ’% 112/hgyre ARsReqyet 1
to react or W5 remayed guery; 152 hosrrs, By this xqpadyre, B ?’o‘ o} a5 n ed pssgntialy constgotdudpg this

" SECOND?| ReAfRd/TPechep wagsiblectpd, todaposiion,condiiipns for intermitisgi petiops of i IS’L?d}?” Fﬁ@""r’ﬁ
After cenenting dust on_the particle surfaces, product partjicles are
renmoved through line 1 Avéhgamdamrytu@t te45a€.ed fines exit fhe reactor
‘through |ine 18. HydrogeSianprifesduaied i n eilt 25dbhroft1.DkgM) r eact of s can be
recycleg,to either or lhdivdropendesdantes af t qr23A3sefrt@6%0.9 n¥min)i | ane, or sent on
for other usage. 15 | Slaneiioey ceneprdigtiont ]t 11458%gedlnd react of can be smal |l er
than the first because{dH¥ama mi nor port|li®#38éf the total sifjane is
contacted with the parti¥cesPerpsiiofe secqnt? PWa@8keM) |t can hl so be operated
at a different tenperature. The above discussion concerning operation of a
singl e kB reachebndidhé Péiiodl @ sarplsins! thkag) for BtednlaAd BBftica dustl dElydes B Sdrface Mmékn
Exanpl e 1 gartiéB@iakgtel) eigl, veels detbrimiined b (23960 Ll ads panici stifees gestiwés. 198 @t. pérednt.i Nch
(38.3 cn) di doetayre foesurfbcerdustna 10ogram adnapib df eiticoB Pardestvas plcddrin ¥ sofimethariol n@ous
node wher essyewseappbdhattio i(apbrox4 Ui oe (3iclechpaityrand placdd lirpa waterahath qf rao ditrasoniguakaker

r eRoyed ev'#ﬁwg% andysubjegiedsto ulBpsoniajvibrafions draminaly, 55980 vibretion$ pexgcondifort3Qimirutps. The
essent i & | Petoasplonith pilicon duptrrgrticlps auspendesitherejol wasTprssdgctbyoygh siqyp pbt25am mesh. The
deposi t i onPeBEAYe t"‘iafn‘@”?t??r ury hf‘”@r'ﬁ?"!af‘@rf?m | Args aftpr sonificgtion. HBUP%“*‘&@’S'F"E?PIQH%S
Aver age befprio ned and ovp °d§? F“%(?ﬂ? fTB%He'Q he dried dust remg aﬁ feter r‘l"fd

kg/ hr) As indic ed above, after the flrst qhs‘g as 0.198 wt?grc E

(o 65 o 93 gﬁz °P?f?ﬂ’? I s pard qq’g”l? ﬂ e 9'“° suffca-dusicon, R fie A3 o Pilisies, -
2.2-3. 24%| af)é 6 Relijas dep“'i??ﬁ% fglgskg/hr) 35 At the end of
one period a sanple was taken for screen and surface dust anal yses. The
surface nean particle di ajrévessge baghtempetaiwe:d¢t6ds . ned to bg 460 [err]and
particle surface dust was| ®ei98 wt. perceng .05 hours

50 Silane feed rate: ' 4 Ib/r. (1.8kg)
Hydrogen feed rate: 31 scfm (0.88 m/min)
Silane concentration: 2.5% molar
Silicon deposition rate: 2.8 Ib/hr.(1.3 kg/r)

65 A sample of the particles was analyzed as above and the result was 0.12 wt. % surface dust. The silicon
deposited was sufficient to add a layer of about 0.1 xm thick to the bed particles.

The procedure of this example can be repeated with the first deposition period using a silane feed stock

containing 20%, 40%, 60%, B0%, or 90% silane admixed with hydrogen. Pure silane can also be

1



To analyze for suiface dust, a 10 gram sanple of silicon particles was
placed in 10 m of methanol in a geyess eapeed bottle (approx.4 lig. oz. (12
[err]) capacity) and placed in a water bath of' an ul trasoni c shaker device
and subjected to ultrasonic vibrations (nomnally 55,000 vibrations per
second) femploBd. fhentemesraturdemplb@edheant@nicim 690" K. ©i WSDUbrThdmsieswaﬂiocghason the
suspendedufaie dest samgentaina t§ aeplet parespigtilane ig ihydrogens Thb2Bpesitionroeses inThalh pipassofiur e
was r epe@perafionriei the firleor high inepduntivity strge. fadi the [seqgnd mpdegie. the @luing ©A PIoERss: Cm be

net hanol /Peheateddn 3RRA0P* & drier; t iityoduetion intasthe Peserd parfidlese Therartisle Bed ¢ap bgmpintsined  The
wei ght ofin ¢ fridized state buugfpdw%v@m%a ratedafingg! H!EH'UmIAQ‘ f’Pﬁdrf’d&?édThaH?R?é'tmd'? t er

the firsth °d ?I'é’l ’P‘?dﬁr?a? I'?%‘WS’ & 1ayee of slicen of G z‘lpﬁﬁgé

sanpl e. ‘E"Tho?'fg”ef B'P 'Yd'PQP" biz5E can c?errl@? ue
surface ¥ ?geliﬁ ?‘8’:9 ol e’?ﬁyf e E vpﬁeggybgaect ed o se cond
gego? Aty (pggfg §"3 o? V\%’ Ve E{% ﬁ% ¥ ﬁ'ﬁ; E(u?: ding Spqd pagicies,
Hydrogensl?e,%ﬁo eprocedure %E%n‘%% @%ﬂi i Hﬁ, };,1/4h£:1és rﬁxﬁt:g;e > 5%
ol ar St kGl b rcaft e A 927%3 vg'& mgosafam@sse.fe 5316
parti cl e oi@fnosphetey ek Rd@ve and the resul . . % surface dust
The sijgi Conlnd&p&%ets@ﬁk ﬁedskwf tﬁé EBRé bxatnBle sl Iéin &V&ép prre?&ﬁwt condubtebl @t 60-

thi ck to estraes. ek PR b 1165 MO8 RNt Qildde, thotb profrediyd-£ moRMpeREnt! sS4 €d

Wit h t he nydirogeh. deposition period using a silane feed stock containing 20%
40% 60% 8Tk prazsssOid thesdbbenexaraglercancish rapeatad I/ ptodge Silicoparbeiesi Hadigea d3f &0s0 be
11 EP 100028 aGPwithRilistepapities/sf drom Bl micensize, 2ig.0.2-0.8 mol upyte dbovtit® the The priovdser r |
to { erw] .ot fibebayaeempia Sathe repeglod esigrseed ertislas bf20@1ul istwith adpscange off 80-400 &mnol e
percent silane in hydrogen. The deposition.gases in both stages of
operatlorﬁxampl%2 the first or high productivity stage, and the second node,
i.e. the gluing on process, can be preheated to [err] prior to introduction
into the beﬁ’“%'“%‘ﬁ 9 pRegatiensof Expraple) 1, prqdugt wag, digwr fiom Hhe reagion o hat S0 kg of partigles

f I ui di Zed® 5/ badnThetaprsitn ofisiiernyes ersurad and porductagderi2A derrhyeing M pliawisy
from 1.5 Pt “55 The deposition in the second node can be conducted to
deposit a layer of silican of 0.1 to 5 [err] in thickness. In those

i nstances where the gas Amammmmgewswm xed with|silane, the

hydr oggn utilized can cojrpiansfeedipter ogen r p&0bdr.2.7tkgbin { he reactor and
recycled to the input galsBwdrogemfeptheatepr ocep §5 edfim (1fom¥hiolve exanpl e, the first
deposition can be conducTed by addi ng seed partitcries 10 every 1.0to 3.5
hour's.  The i3 @R Hrb4 RERE i shrhR8 ofFhe Kbk WadlB@mBTbd Y GibrRiRd pdifR1e%RE Qidfrbiitn ShiQUirtRe
period ofgud/ 2 to 1 1/4 hours in duration. Follow ng the procedure of the
above gxanpl e, the deposition gases corrprl Si ng sil ane and hydrogen, or

substantially pure silane, can %F rtr-od at- pressure of slightly
above at nospheric pressure, i # P‘|J_' g?szt rﬁﬁvzgrec to 3 atnospheres. is

12

In the process as typified by ¢§/°1he gluing on step is

préferably conducted at 620- [err]. using a gas containi ng 1 to 5 nole

per cente sihp gpregtiomwascegymed esingtd sfar@-fepdmaté of 1) @riwln(i.3 kaMtinasnd a stlaneconcenjeation dhe
process dfole ppeceptio hysiragrmifll asilicemdepesitior fatecaf 84 Ivhs (35t ket dbe effept] of eufagecdustives es
havi ng a Jeterminedgverdigng-interetacef . @r a1 3hewrs of treatmegisith Higrspeopd depogjionigag e resuits
sub-m cr offresssFAllonss g 0.2-0.5 [err] up to about 10 [err]. The process 20 of
the above exanpl e can be repeated using seed particles of 200 [err], with a
range Bf 80-400[err]. Exanple 2 Follow ng the operation of Exanmple 1,
product was drawrHPRBS, Pﬁg reactor so that 370 kg. of I‘-';?Q’P’éﬁ%%"

Treatment w Surface Dust yver Added,.
Second Deposition Gas wt. % ;
50 0 0.31 -
1 0.072 0.91
2 0.063 1.81
3 0.073 2.72

85
The dimensions of the cementation layers were calculated from the 8.1 1b.(3.8 kg) per hour silicon
deposition rate, the 370 kg. bed and the 545 um dps. The discrepancy in surface dust weight percent for
the two hour run is believed to be due to experimental error.
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25 remained in the bed. The deposition of silicon was resuned and conduct ed
for 24 hours using the follow ng cepdizsgoprB1Aver age bed tenperature:

15 kg. of silicon.

Second 10D9p0§f ﬁ\é 8 flo first deposm period, adjustiments W sulané)aﬁﬁ) hydrogen b‘ eed rates are made tQ
0.31 give the desired second deposmon as composition. Silane feed rate is reducedQJ 1 b/hr. and hydrogen
0.91 2 rate increased to 78.3 scfm (2.2 m il 8 4% silane).The second deposition gag- & is3continued for 1
0.073 hour which deposits 4.5 to 8 kd.%of Sificon [dSseRtialKEilFbrWySover thé BRirBIEJakIA isGHace. AYB! S
wer e cal cupaiatd i RIS dspodit rdtn (.8 132.8 Gin ARrfdde 1aler HopdnBifg) ol BB @Rdct padtidiel sitb €,

t he 370skgiistibasbnand t he 545 [err] dps. The di screpancy in surface dust

wei ght per ceniirinf Gife 1adh @0 imivixtel @F! the Iseidond Seposifioneperdll, produdeishithdrivin fwpiae resietor ta
error. 12 bring P b8d BdeB tORe leiAil atthastpt & i cyelbl The kinoune ithdragol pach Icydees estipteld tby
and condi ttheemratar tcse/the aum ol/he weight jobsegd garticidsi addedf flugitieb daksdiatedh eneunts@h firsidandi ng
whi ch t he sseand cilican depositionsyinbroorodiict ishyithdrawny gitend and bydwogere flawssare reseddo B first
Typi_cal poy, degosilienicenflitians| i con particles of desired particle size di st ri bution
t aken from pPesdiratidesasepadded torihg reacion at thrdlart &f epgiceyale toaparigyize @iytheonsaqd RerlisRet er
reactor. Apveehe ucafioncef thpotyny Fé?l@%r"&f"ﬁ'l’é“?és saateliad By thej operptoriRi, ¥e jnpmbar of seed; s
fed for t mag'gleﬁ gifled eaghygycla hla, aipmpt j§amadg fo °§@"9%F?"‘P?fat‘l"aﬂ'l°§‘ firgt to F?°P deposition

deposi ti orP° ﬂﬁ%f’fs‘f‘%ab%f"s&tf's? HP?]P' ovt 5,, du?rﬂg‘:x;?sgﬁﬁ 93?315'58(’} Dt & %’é%g:

scfm (2%
wes @ ave e ‘over thg.en

ncr eases r X th;'i % J‘P ﬂ.e g 00308 ?a rce%&aaicm P ol
dep05| tiong Wit EA fmﬁs ‘g@iga (EM
to give tn?er %Hb . 86coRd! Gep! i.ltmam SarkgOd a1 nsrﬁtt?ed' s
reducedsd Oyeldhtslin! 7. 103974 kBy hgd gﬁﬂ dudcB rh Erp‘ﬁﬁé@%z&soof &230 mn #hede runs
B/ m n- 3. "céht%hsje%%ﬁl oiré?amga 0&%7@'%%%& BPEIPRS takHEIk suifack Bk hidlysed. f or 1 hour
whi ch deposi s grocesd & the 4ibve Bambiel 3 & beacamed hridl tbpeatedlisd Mattthy cytieClsed R& first
entire bedjepaeitioh fdridd S1L5-3% Kours Bhd the 8§tOficdebeutioh Berioth {"gINIAE 6h") I© 08BPRShdursf rom 1. 5
to 2.0[err] miwildslabfest lod)sRilledR4ttidaér gt hB plobeiu@ontib alisds blafmples Edn@ middified to
di stri bss i 2Dimore [Bartintiays bists dsingtiwd 6B Madtais. cFor @kantplee the dieso Btdp dielighs produdiivity evodeid,
product i scomductad inctbenfirétirenciot, say hyasiog @40 ky. bed of silicon particles, a bed temperature of 645°C.,,

a silane feed rate of 25 Ibs./hr (11.3 kg/hr), a seed addition rate of 1 Ib./hr (0.45 kg/hr), a hydrogen feed rate

of 27.5 cim (0.78 m%min), a silane feed concentration of 15% molar, and a U/Uy,, of 2.2-3.2 and a silicon

b deposition rate of 19 Ib./hr. (8.6 kg/hr).

40 Each hour, 2 20 Ib. (19 + 1) (8.1 kg) charge of particles can be transferred from the first fo the second
reactor and surface dust glued on using a deposition temperature of 845° C. The bed size is selected so
that the residence time is sufficient to yield the desired thickness of cementation layer. The feed rate of
hydrogen selected is sufficient to fluidize the bed, the silane concentration is 1-5% to produce low dust
operation.

45 The process of this invention produces a highly desirable polysilicon product useful for the production
of silicon semi-conductor devices. The product is in the form of approximately spherical particles. These are
free flowing, and therefore can be handled much more readily by mechanized systems than the rods
formed by the Siemen's process. Mechanical systems can be designed for storage, and handling of the free
flowing material produced by this invention which decrease the chances for contamination. In general the

s0 size distribution of products produced by this invention have the following size distribution (umj:

[err]. Silane feed rate: 50 I b/hr. (22.7 kg/hr) 30
Hydr ogen feed rate: 55 scfm (1.6 [err]/mn) At the end of 24 hours, a
sanpl e of PaAwpledd was renoved to determ ne particle size distribution and
surface dust: 35 rr 545 [err] Surface dust: 0.31 w. %40 The
oper ati on vva Sabjod swa s sosulfs| apd go E'H‘ qfagvgrabqyplgal '°89 Aysptigp fivi bed qpoyafions
andaS|I FP°?"‘9Fh‘?F'rﬁf 's'é’P 'Pl W|tha5|I|con
depos&it fon rE‘E a' 8? °fl '28 s ‘ith
g:zgrngi 3:?;;89 ﬁl? 4 [ §§S§« rea@;%the ‘H: le %.%ﬁr%‘gv;oi itio a;econ& e
Cenment ati gj) g’%ﬁ: silahe mbx urta ""P "}&d%""a"
A

;5%

rf

- Typical range 150-1500
- Typical average | 650-750

The particle density{g/cc) is about 2.3 and in general is:
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bring the bed back to-the Il evel at the start of the cycle. The anount

wi t hdrawn each cycle is estinat edepg 2s$g27oB@erator to be the sum of the

wei ght of seed particles added plus the cal cul ated anounts of first and
second silicon depositions. Once product is withdrawn, silane and hydrogen

flows are reset to the first 70 s 5:3) ions. Seed particles are
added to the reactor at the staﬁz %ﬁp cy%ﬁé%ﬁc maxi m ze growt h on seed
particles. Over the duration of e—f““ groduet—particle size is
controlled b the o erat or by the nunber o seed artlcles add e ach

cycl & % NErei "%EIS"“E ?P"E’Hé’h uti13 t%H"écer ghis Rrpfpr ‘?'V legs th (ﬁB 0.08

Qe g ! bokal fig000 py e
deposi t g taHB\;M%gg appggchp%grdnﬁggg ity gV gl!tq'-?aﬂﬂg%ﬁs Ry prgﬁﬁ% rpg?tﬁf e

capacity

does i ncr@ULBOBRS, about[err] during the second deposition period and
return,slowy during the first. Table Il gives the average tenperature over
the entire cycle. Table Il shows that surﬁrggﬁggét was reduc t he range
0.03-.08 wt. percent practicing this inve or the sa |V|ty
and tenper range, dust ot her wi seghgabet ween 0.349

percent (Tabl'e 1). Second deptSition |ayer thickness range from 1. to 1.9

[err] Muri %Jgﬁ%runs for ﬁsg 30 weighipsahn the 247 t @ ZAl-kAe r ange
and surface nean particle sizes of 662 to 744 [err]. These runs conprise a

total oper gaxpd i e of 876 hoppm and 61 sagpkes taken for guré=@e3siust

anal yses. The process of the above Exanple 3 can be nodified and repeated
so that the cycle used is a first deposition period of 2.5-3.5 hours and

t he_se®ond deposition period ("gluing on") is 0.67-1.25 hours. It will be
apparent to a skilled practitioner that the procedure of the above exanples
can be nodified to 35 a nore continuous basis using two FB reactors. For
exanple, the first step or high productivity node is conducted in the first
reactor, say by using a 400 kg. bed of silicon particles, a bed tenperature
of[err}®, a silane feed rate of 25 Ibs/hr (11.3 kg/hr), a seed addition rate
of 1 Ib/hr (0.45 kg/hr), a hydrogen feed rate of 27.5 c¢cfm (0.78 [err]/mn),
a silane feed concentration of 15% nolar, and a U f[err] of 2.2-3.2 and a
silicon deposition rate of 19 Ib/hr. (8.6 kg/hr). 40 Each hour, a 20
I'b. (19 + 1) (9.1 kg) charge of particles can be transferred frontthe first
to the second reactor and surface dust glued on using a deposition
tenperature of 645 C. The bed size is selected so that the residence tine
is sufficient to yield the desired thickness of cenentation |ayer. The feed
'rate of hydrogen selected is sufficient to fluidize the bed, the silane
concengration is 1-5%to produce | ow dust operation. 45 The process of
this invention produces a highly desirable polysilicon product useful for
the production of silicon sem -conductor devices. The product is in the
form of approxi mately spherical particles. These are free flow ng, and

t herefore can be handl ed nuch nore readily by nechani zed systens than the
rods f#®rnmed by the Sienen's process. Mechani cal systens can be designed for
storage, and handling of the free flowing material produced by this

i nventi on which decrease the chances for contam nation. In general the 50
size distribution of products produced by this invention have the foll ow ng
size distribution ([err]): - Typical range 150-1500 - Typical average

650- 758 55 The particle density(g/cc) is about 2.3 and in general is: 13

EP 0 258 027 Bl - Typical range 2.25-2.33 - Typical average 2.30-2.31
Preferred materials have a bul k density of about 1360 kg/[err]. Surface
dust is preferably | ess than about 0.08

50
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wt% and istypically 9. 010-0. 070 wei ght percent. Using silane of good

purity the concentration of key trepgidsgopz ggt.al inpurities approaches or
mat ches high quality available Sienmen's product. Typical purities from

operation are: 10 Average Range Boron

ppba 0.12 0.01-0.25 15 Phosphor us
ppba - 0.11 j\ 0. 01-0.19 Carbon

ppm 0.25 0.16-0.33 . 20 25 30 35 40 45

60 55 14 EP 0 258 027 B1 BP 258 027 Bl silane feed. In the second

node{_+t e fines are in effect glﬂj on to the particles t@ whi ch they are
adhered by neans of deposition

Nﬁ IR ker of sili c £'In the second
node, the concentration of the sﬁlane in the feed gases reduced t hus
favouring heterogeneous deposition of the silicon on th ilicon particles
in the hed. The process can be rat & ggﬁg a single f "t,gl d bed reactor by
alternating cycles or in a nore{Z&nt®ADEL Banner utilizgpg two fluid bed
reactors, the first reactor bei _g operated at the high gb@ductivity rate
wi th the second reactor taking Sh Q1D ghard i cl es froﬁr‘t he first reactor
and operated at the gluing on c n %tq:Sr%pooCI%u ms 10 1.5@ process for
prepari@gg polysilicon conprisi [I] contacting silicomdParticles in a
fluidized bed with a mxture o hy rogen and silane contgf:ni'ng 10 to 100
nol e percent of silane at ate erpiaie of.{s.err] to [err ©S0 that both

het er ogeneous deposition and hg n%","gc& 3onposi tion twalge place resulting
in (a) chem cal vapor depositi & é@é.ﬂtﬂ'é silicon on & d particles and
al $0 (b3 the formation of silig@n dueEegmice[l|] subsequgmtly contacti ng
silicon particles resultlngfr step [I] in a fluidize d wwth a m xture
of hydrogen and sil ane contai ni Ol tO0 5 nol e percent of | ane at a
tenperature of [err] to [err] {os eggs‘i‘g_px het er ogeneo ﬁ deposition a
| ayer of silicon 0.1 to 5 [err] $§ ck on2the serfaces of g@aid particles and
cement & |icon dust on said surfages to said particles. oﬁ A process
according to claiml iy which,stepy (1) is conducted in |Uld bed
reactor and step (II) n a seﬁoﬁg | gigle Baéler eact or . “H
O N & SRSRGER ~ne8
eal 8~%
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It will be appreciated from the foregoing that we have provided a polysilicon process in which the fines

s5 which are inherently produced in a fluid bed deposition type operation using silicon seed particles and a
silane feed are in effect glued on to the product particles so as to reduce the undesirable effect of the
silicon fines. The process comprises operating a fluid bed in two modes. In the first mode, high productivity

is favoured at the expense of producing fines which are produced by homogeneous decomposition of the

15



3. A process accordingto claim1 or 2 in which the duration of step (1) is
2 to 5 times that of step [I1]. 25FR0288PHIBLi i con product characterized
by being free flowing and in the form of apprOX| rrately spheri cal partlcles

havi i

62\6' tng $5§y fegcjl ir;%\)e Q%’Ij(gi) ?ﬁh(% flgeq]a;ég % %Oon[ ifhg aﬁ?{'\%ﬁ E:)fg:g: s f?lr;ez%i i
density o E i ﬁJo[: h%f%f’o enQ&E an rlﬁa {e y
having a gbq i1hQHrodbts éﬁ%e%grﬁte Qﬁﬁgegrsmﬁ fl Ig%éd g@i@ 4 g}eycég oPin agore

sem congdugh@huctE Makidr RISRAWS Auill bedTeactdS) theSrbtirsHdr 96: ktea%t fnb aigrr%ﬁtdh&wty

claim4. Gae Mitthe SRS R&ctdr haking e sIIIEandaﬁublHQ flom the @iFst Ra&SHERE bSdrdidh 4t %lumg on
addi t i onaleoreiiigse. of prepari ng a semiconductor device fromthe pol ysilicon.

35 Pat ent anspruche 1. Verfahren zur Herstellung von Polysilicium weiches
fol gende Sumstte unfaBt: (11 In-Kontakt-Bringen von SiliciumTeilchen in
ei nem Fbi e3bett mt einer Mschung aus Wasserstoff 40 und Silan, die
10 bi s 100. Mypro8ésSior prapaging pohislliconlsemprisingser Tenperatur von 590 | C bis 750 C
so daB sowohl [ikontectngtsilicangeariieles\ip sdlvidizelibagl with @ reixiure obhydrogemangesiteme coidaiding 10
stattfinden, Wwad0q mplezneragntnet rsilans catriastenpanatyd ot A °dientp0 /@ 50 Jiek beth |heterogenedisr
Danpf phase aufdeppsionTend| hemegenenye) decamppsitipy) take placBiresgiitingin V@) ghesiidal vaperrrspesition of
fM hrt;%und 45ilicon on said parficlasacthaled Gdbriteunation gt giligoadust@nd ngen der aus Schritt
[1] resul tier dHiubsensientycsoniasing piien perfiglesgpsyitng from step 8 in arﬁ”td‘zé‘i' R with & @ priyreg
aus Wasser st of°f h‘(ﬂ‘ﬂﬂe’S?'ldaﬁ'ianed’P@a"lngd © 55'“%P°’%“S?fl silage &h# (pryppratuig of 620° 1@ 650° C
Tenperat ur vor 'I§ s't hptardggrequs deposifion & lgyeRof iligqn, %‘?r?e“%ﬂ%%k?&“&ﬁﬁ?ﬁa‘i?? fsaid
Schicht_aus SiPPTEPLAN 'Pe"éf"t‘fg'?dﬁ?:'ksé'd\fﬂ'ﬁ“ﬂ“ﬁsﬂ BE&m auf den Cberfl achen

Te 1 chen So A SERRSAS e it PRk PSR B

in einem FlieBbettreaktor und Schrltt [II] I n elnemzwelten

Fl i eBbet t ra.eaKBr‘BEesEI hﬁcﬁﬁﬂg&“ﬁﬁ 10P3 ] SWich e duryﬁ‘dhfoaaédaﬂ iR oS MatG Riod [Ig.dor
Anspruch 2, in uer von Schritt [I] das 2- bis 5-fache der 55
Dauer von 4Sck rpbnpsmcsd brbdueEérardBibrized! by BSihg/ fréd Aowing EndrirOle! idrm of @sPrdxiibtely spherical
gekennzei chngikticlesl alkingSa ik tibthibuasie GickromS 150U10 A 5007 winD BVl e Zide loti g50 iocésmum ger
Tei | chen vor partieRt denshty f @i26 @0 68D hemn¥ atd £ iblik RignsityNoBesoat €380 \kgm3, 1l froductl 6diky
am ei ne m tiulitter ehatactoiied bphaving 4 silicon Gurfacd dushdontefd of fesssthairc0B Wteed. I n t he
second mode, the fines are in effect glued on to the particles to which
they are &dhisaeiconguctepdayice ofepaieioni 4 patwsilicoh prpdudiiamcliimedincim 4i [ i con. In the
second node, the concentration of the silane in the feed gases is reduced
t hus favodr i fgropess @ ggieee iudaim dpd or 8 icomprising theeadditionplesiep of mreppring &j semicepductor
particl es i ndevisefrgsatpe peipdlicon ocess can be operated using a single fluid bed
reactor"”sb)é alternating cycles or in a nore continuous manner utilizing two
fluid bedTrEateperche o £ rst reactor being operated at the high

product|V|ty rate E E' d [ eac % e siljcon partlcles from
s e R i il e
@%’ﬁiﬁ. b st M'&ﬁ’@"‘sﬁaq e Z&%meffempm? 322 ot e

, sowoh! eine heterogene Abscheidung als auch ein homogener Zerfall stattfinden, was
{a) zu einer chemischen Abscheidung von Silicium aus der Dampfphase auf den Teilchen und
auch
(b) zur Bildung von Siliciumstaub flhrt; und
45 [I1] nachfolgendes In-Kontakt-Bringen der aus Schritt [I} resultierenden Siliciumteilchen in einem
FlieBbett mit einer Mischung aus Wasserstoff und Silan, die 1 bis 5 Mol-% Silan enthilt, bei einer
Temperatur von 620° C bis 650 ° C, um durch heterogene Abscheidung eine Schicht aus Silicium mit
einer Dicke von 0,1 bis 5 um auf den Oberflichen der Teilchen und festaufgebrachten Siliciumstaub
auf den Oberfidchen der Teilchen abzuscheiden.

50
2. Verfahren nach Anspruch 1, in dem Schritt [1] in einem FlieBbettreaktor und Schritt [lI] in sinem 2wsiten
FlieBbettreaktor durchgefiihrt werden. e e
3. Verfahren nach Anspruch 1 oder Anspruch 2, in dem die Dauer von Schritt [I] das 2- bis 5-fache der

&5 Dauer von Schritt [II] betrigt.

4. Polysilicium-Produkt, dadurch gekennzeichnet, daB es freiflieBend ist und in Form nahezu kugelfSrmi-
ger Teiichen vorliegt, die eine Gréfenverteilung im Bereich von 150 bis 1500 im, eine mittlere GréBe
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[I] contacting sidicon particles in a fluidized bed wit

hydrogen and sil ane containi ng 1gptoesg@27m! e.percent J"Iﬂl’rmlmmmm“",
tenperature of[err] to[err] so that both heterogeneous depési ti on and
honpbgeneous deconposi tion take place resulting in (a) chem cal vapor

deposi t i @anedped] B the secondgnddp,dlwrfinenars in alfegigludd on dhecpadiclas Eavhich hey bre afisredat i on
of sili clonmeans pf. depgsifion Pfla]thls Udyerect siiaen.| Iy the seroad mpdegthe concentrafiop at thé silaessin the
resul ti ntged gases is reslpced lt% ifgyouysing T'QSQVQGGZ@HS dapasitign ofthe, silifon prthe stii¢on ppdielesje theand
si | ane cPAdt ARenPrARPSY canybes opppted ysinp @ctingleciuidshad aaston by Altareatingspysles Ok g mpiey 1 |
to [err] °°E‘H‘“tg{§ P?’ “B ing dya-fuistied denglors s st epclgs baing %t}?@“*do# thehigh PEuA¥ity o 5
[err] thi® cking fe silicon, pastigles jfram dhe fisst xpagtargad operied &t dhe giingiong
sai d sur foigiars to sal d particles. 20 2. A process according to claim1 in
whi ch stﬁgh%l S conducted in one fluid bed reactor and step (I1) in a
secon bed reactor . A process according to claim1 or 2 in which

t he dura.]chr&fa E%..pr suI%orF& ”{mes t hat of step [11]., 25 4. A
pol ysilicon ﬁf& thg Sif ﬁﬁj {% 464 Wﬂmiﬁa&ﬁr rd&gn éH&CLnAnQ cBrFﬁnTg%m of
appr oxi mat el ¥ fdahRdid percendf Sil Kireof Hog € 1o #5% £158 Uit Bbth Hot

1500 [err], asposich aAd Ronfdgérdomf de Soridodifion (a6 pla r@&ulnﬁ? k) ichamisul &Sdebdéntuerf of2

to 2.383 g/cn&n@ﬁldnaa.mhissedaia&lswb)ﬂfefam:dﬁoflsﬁé&dﬁ farr] said product bei ng
further char g EWedquétly Bontdatngi siliGoncpafticles REUNNNG Woaep [0l ihsd fluiied B6d witfa hmike® t han
0.08 W . % 36f HydrogensRdiand cintainipg 1d€5 imdle pefcem af Sianef dt @ nefatateys B20°aoBsgCOdUCT
as clai med i tv debasit iy heterdgendous ideppsiicn aleyet bbsilicado.1 ko § Laaitiicklgn téb surfac8s of said
conpri si ng t batickd@nd cemaat! silisinaiustoh sgid aypfages tegsaid peiclsc onduct or device from the
pokyskticon. 35 Patentanspruche 1. Verfahren zur Herstellung von

Pol ysi | i @i UnRroases asphreding 'g(clgishtiin vhich step (Ikis gendugtad. in one]fluldberoaeteriand Bpp fihiard von
Silici um TEPGophiA bad regcliem Fli eBbeft nit einer Mschung aus Wasserstoff 40
und Silan, die 10 bis 100 Ml -9% Si|lan enthAlt, bei einer Te eratur von 590

C bis 75@) Agprocggs ﬂ?%ﬁ"?'“gstﬁ\ﬁlﬁ'ﬁ‘ﬂ ‘Elzh’ewm‘e‘t‘@?%f@?fb“ﬂﬁg Ehe P Mhignegthe %{lﬂ?ﬂ i n

hormg irfajl st n ei ner r? c en Abs he| ung von

Silici um "a érélll é&fﬁdv%etf?‘"i ﬂ'ﬁ'd ( zf von

Siliciunst o A ISEnon © 3':n N i
Fompeig ﬁ{f& “@ fﬁfééo e

der aus v%gdsdé,h i
ei ner ;M schung aus Sser st und | e /o S| I an enthilt,
bei el neg TeaRRbRubtbr dAE Redared ! ern Q'pﬁly@l@gl prgductua@cﬂir”eﬁh\ Jbﬁ\ta grogene

Abschei dung ei ne Schicht aus Siliciummt einer D cke von 0,1 bis 5 am auf
den Qoer | AcheddssIgY clalféd 1 RRiM ¥ NborfLshpidiigaly aiibrRNstsy bfi grdpaig latdsmicanductsien
Qber f | Achenied@ tromahd goieiiconbzuschei den. 50 2. Verfahren nach Anspruch 1, in
dem Sefiritt [I] in einemFlielbettreaktor und Schritt [I1] in einemzweiten
Fl i eBbet paterstinisptticheir chgef ahrt werden. 3. Verfahren nach Anspruch 1 oder
Anspruch 2, in dern die Dauer von Schritt [I] das 2- bis 5-fache der 55
Dauer voh S(eﬁahretntzun[Heks]tellb'cstvpuxgalysmdiummcya fblganide:Schteowimiddt:, dadur ch

gdkennzei chnél In-Kdntak-Beingerf va SillciumtTeiintieri inteinamiieBhetrmit mnwmle@wq(aygéﬂarsmﬁ- ger
Te| | cHen vor Mndeglen, difi 10 his HO Mgl-tf Pilem orihaltchel eingy TempeBsyr rpro POV G ihis 789 Gy jsa daB500

am sine mt &M I@m@h@prpgang_ @bscheidung als auch ein homogener Zerfall stattfinden, was
() zu einer chemischen Abscheidung von Silicium aus der Dampfphase auf den Teilchen und

auch
{(b) zur Bildung von Siliciumstaub flhrt; und
45 [} nachfolgendes In-Kontakt-Bringen der aus Schritt [I] resultierenden S|I|c1umte|lchen in einem
: FlieBbett mit einer Mischung aus Wasserstoff und Silan, die 1 bis 5 Mol-% Silan enthélt, bei einer
Temperatur von 620° C bis 650° C, um durch heterogene Abscheidung eine Schicht aus Silicium mit
einer Dicke von 0,1 bis 5 um auf den Oberfléichen der Teilchen und festaufgebrachten Siliciumstaub
auf den Oberiléchen der Teilchen abzuscheiden.

50 _
2. Verfahren nach Anspruch 1, in dem Schritt [1] in einem FlieBbettreaktor und Schritt [11] in sinem zweiten
FlieBbettreaktor durchgefﬂhrt werden.

3. Verfahren nach Anspruch 1 oder Anspruch 2, in dem die Dauer von Schntt [l das 2- bis 5-fache der
55 Dauer von Schritt [Il] betragt.

4. Polysilicium-Produkt, dadurch gekennzeichnet, da8 es freiflieBend ist und in Form nahezu kugelf&rmi-
ger Teilchen vorliegt, die eine GréBenverteilung im Bersich von 150 bis 1500 wm, eine mittlere Gré8e
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-_—
EP O 268 027 Bl : - * C L M S * von
ei ne Teilchendichte von 2,25 bis 2806258 ozwdB1und ei ne SCI‘IMIHMJWWN"L‘@
1360 kg/ n8 aufwei sen, wobei das Produkt welter dadurch gekerfnzé&i chnet isst
daB es einen Gehalt an Siliciunstaub auf der Cberfl~che von weniger als
0, 08 Gew. - % Y8850 Bis 780 ump,ging|Telichendigllp ¥anc3:AS biscR. 33 aiam) eind eing Schiiidichta voncgiwa 1360
Pol ysi | i ci uniat awveisen.c wobah dasy Bregpkly weiter deduroh gekennzeichrel ishndagrascoinen Cepathge
'3, wel ches déficiumstagl 3yt derQbariidehn von weniger als A8 Gewr e by ei ner Hal bl ei t er -
Ei nrjchtung gus .dem Polysiliclumunfalt. 10 Revendiations 1. Proc~d6 de
pr~pacali &h ﬁﬂaﬂﬁv?%?’ﬂﬂﬁ-ﬁ‘awﬁﬁ"f%&"?fr R?'VT,J'B'HE‘P@‘?“SHFP" %’Is?’“%{‘ “ettre en contact
des particgul gs.. de sili,Ci S Lt fluidisWWakec. un | ange. d' hydrogbne
et do sl %mﬁfﬁ,f@ﬁfgg;&i@ggg (o 2ol & walbles sk ite S5 4o iR B ST 0
a A750 * C, detelle &ore " quo s'offectuent a la fois un d6p8t

het 6r 00N RebdnditafiofdOCONMPOSi ti on honogbne ayant pour rdsultat (a) un dep8t
de siliciumen phase gazeuse par proc~d6 chim que sur |lesdites particules,

ai nsi quo 4( bprobas b8 prapdrdien ad MickMpRlySistfin, Shisishtum ; et (11) & nettre ensuite
en contact | esg)Banetiolh |coitactifos phriéuids dBsilicilit/dand (4 it d@dise HbAiandidnge @RyiFogbd et i t
fluidis6 avec désildielcodgentdb By 00 AgEB dakiifles Shd taAsrdNe 158N R 760X, Be 1318 RRe %0
de sil ase & ungeisefigafibgius isde dBPSt hétérogéne BRihe ‘déconipOsition porhdgettcsyantt @bur Pésiitat
d~posi ti on h~t(eyungispét darsilicicro eo pkase gazeudei pat proasdé climigueasub lesditosi patifzales; sibsirqus ur

| es surfaces dbMalfotreationpderdoudre Hesilickim :@t ci nenter | a poudre de silicium sur

| esdi t es sur f At} melirs dnsuitasemeontadtdes ragicules defilisivmdésultant dealfétapt £) dans um i fioidisé on
1, dans | oquelavee utredlangg d'hydeogbnerst desilane contenants! &iBimales; % deiane & yne tgmpdraturg ge
fliide Bt | 4t82Pe 3(450)C payr ddposer e dérogitionchéifsngine ynesaouchn e rsiigitm ¢lgr0, 142 (5j m
flulde. 3. Protepgigseyi suy das: suifaces denditngi Ragicylesret 2 eimenter I3 potdre dsgllicum) s dpsdiee de
| ' etape (1) esYriapghfesdies paliculds| eur de 2 & 5 fois celle de 1'Ntape (11). 30
4. Produit cgnsjstent en siligiumpolycristallin, caracterise en ce "
prdsente h E%’gggﬁ fgl r?"Sﬂ%“ET“ 1 dpnsaqyel '%3? %W%ﬂf"e fs n réacteur 3 It
appr oxi fat i vEIE 4P o ise o0 9autPe dERIn TR BEPY N ES di anetres de 150 a

1500. am gllo lifant) Shd gtﬁ:ﬁﬁ% ‘% c?aﬁé)le |a‘d£}8? S e eﬁ)oéspﬁagli%nggaleur de 2
particul es dFs iodldlddrémpe B, C et “une sse vol um que “appdrente d' environ
1360 kg/ nB, [ledit produl ant en outre caractdri sWpar une teneur en
poussi bge gepRiii ohdidiBnesh §|léfufn%§ca%hbhin,ec§¥actbﬁ$ loh 'c?H&'i?pu@sthe_Qlﬁ 6C8ufe Mo Abrd St 6sB0
5. Disposi ti fous &thé 8dpuchiBd spp Rorit sPtidfidues aydntUine Be@slitbd dde ARMERJsaB156EH
silicium pol yspoiusd, ah kiamateiidyan de l680 & E5ENE] Whamasse vdlumfBue BS panfedies 842 ymnb 3k a
revendi cat i Ofcrh? etdn®hhasie valdhiuePpandntd d'edliron @ 3EDLKGAI3) IeaR Praluit €tard @M Sutstearadsriss
pr~parer un $& une tenett erpmBssidre deditiur @ Swiatecdul est inféadute X 0,08.% B Ipbids. um
polycristallin. 45 50 55 17

5. Dispositif semiconducteur préparé & partir d'un produit consistant en silicium polycristallin suivant la

revendication 4.

'\J- 6. Procédé suivant la revendication 1, 2 ou 3, comprenant I'étape supplémentaire consistant & préparer un
40 dispositif semiconducteur 2 partir du silicium polycristallin.
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