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fluidized bed reactor systeny and to the production of
pol ycrystalline silicon froma thermally deconposabl e
silicon conmpound such as, for exanple, silane. [0002]
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particles. The flow of fluid causes the bed of
granul ar material to becone fluidized in the reactor.
[0003] In many fluidized bed reactor systens and
BASKGRAUND IOF THE INWEMITEON material fromthe fluid
phase chem cally deconposes to formsolid naterial,
sol jds may deposit onto the walls of the reactor. The
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reactor systens and nethods for producing
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fall to the reactor bottom. Often the reactor system must be shut down to
remove the dislodged deposits. To prevent an untimely reactor shut down,
the deposits must be periodically etched from the reactor wall and the reactor
must be cleaned thereby reducing the productivity of the reactor. These
problems are particularly acute in fluidized bed reactor systems used in the

production of polycrystalline silicon.

[0004] Thus a need exists for reactor systems and methods for producing
polycrystalline silicon which limit or reduce the amount of deposits that form

on the reactor walls.



chanber. The reaction chanber has at |east one

reacti on chanber wall. The distributor has a plurality
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communi cation between a source of gas and the reaction

chanber, the plurality of diStribution openings having

at | east one peripheral opening and at |east one

central opening. According to the process of the
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least one reaction chamber wall, the distributor having a plurality of
distribution openings including at least one peripheral opening and at least
one central opening, wherein the peripheral openings are configured to
provide fluid communication with the source of first gas and not the source of

second gas.

[0007] Another aspect of the present invention is directed to a fluidized bed
reactor system having a reaction chamber with at least one reaction chamber
wall and a distributor for distributing gas into the reaction chamber and
comprising a plurality of distribution openings which provide fluid

communication between both a source of a first gas and a source of a second



are not in fluid comunication with the source of
second gas. [0008] Various refinenments exist of the
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aspects of the present invention. Further features nay
al so be incorporated in the above-nentioned aspects of
the present invention as well. These refinenents and
additional features may exist individually or in any
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relaetd)rrsgakermr systens and gas distribution uni ts

[0010] Fig. 2 is a longitudinal section of one embodiment of a gas

distribution unit;

[0011] Fig. 3 is a second longitudinal section the gas distribution unit;
[0012] Fig. 4 is a bottom view of the distributor of the gas distribution unit;
[0013] Fig. 5is a top view of the distributor of the gas distribution unit;
[0014] Fig. 6 is a perspective longitudinal section of the gas distribution unit;

[0015] Fig. 7 is a schematic depiction of reaction mechanisms that take

place in a granular polycrystalline silicon reactor system;

[0016] Fig. 8 is a graphical depiction of computer simulations of the rate of
deposition on the reactor wall according to conventional deposition methods



descri bed herein are suitable for distributing a first
gas and a second gas to a fluidized bed reactor and

wa@leposisisig a conpound from one of the gases oPCT/H82009/049113
surface of fluidized particlgs. The reactor systens
and distribution units are especially well suited for
reducing the rate of deposition of thermally
deconposabl e conmpounds (e.g., deposition of silicon
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l. Fluidized Bed Reactor System

[0019] Referring now to Fig. 1, a fluidized bed reactor constructed in
accordance with embodiments of the present invention is generally
designated as 1. The reactor system 1 includes a reaction chamber 10 and a
gas distribution unit 2. A source of a first gas 5 and a source of second gas 7
are introduced into the distribution unit 2 to evenly distribute the respective
gases into the inlet of the reaction chamber 10. The distribution unit 2 helps
evenly distribute reactive gases throughout the reaction chamber 10 to
maximize the rate of deposition of material onto the fluidized particles in the
chamber.



wi thdrawn fromthe tube 12 and transported to product
storage 15 . Spent gas 16 exits the reactor chanber 16
wandopersihe i ntroduced into further processi ngPCIU82909/049113
18. [0021] The gas distributizon unit 2 is shown in
greater detail in Fig. 2. Ig’e gas distribution unit 2
is suitable for distributing a first gas and a second
gas to a fluidized bed reactor and is especially well
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shown) and tapers outward in dianeter fromthe
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"reaction chanmber" as used herein includes the |iner
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A second gas plenum 34 is defined between the inner annular ring 39 and the

tube 12.

[0023] The taper liner 28 defines a liner chamber 45. The liner chamber 45
opens into the cylindrical section of the reaction chamber (not shown) and
tapers outward in diameter from the distributor 25 to the cylindrical section of
reaction chamber. Because particles and incoming gases come into contact
in the liner chamber 45 and because a majority of the system reactions may
take place in the liner chamber, the liner chamber is considered part of the
reaction chamber. For purposes of the application, "reaction chamber" as
used herein includes the liner chamber 45.



refer to distributor openings that are generally

interior to the peripheral openings. The peri pheral
wWo@paEniommsss 42 are in fluid comunicati on with tPer/i52089/049113

gas plenum 32 and the reacti an chanber 10 . The

central openings 44 are in fl'uid comuni cation with

the second gas plenum 34 and the reaction chanber 10 .

Generally, the peripheral openings are not in fluid
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through the distributor 25.

[0026] In some embodiments, a portion of the peripheral openings are in
fluid communication with the second gas and a portion of the central openings
are in fluid communication with the first gas. In these embodiments, generally
the percentage of the peripheral openings in fluid communication with the first
gas is greater than the percentage of central openings in fluid communication
with the first gas. This configuration also causes a larger concentration of first
gas (e.g., a carrier gas such as hydrogen or an inert) to be present at the
walls of the reaction chamber as compared to the interior space of the

reaction chamber.



resistance to flow and allows the gas to be evenly

di stributed through each opening 42, 44 and into the
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di stribute the gas fromthe 9pen| ngs 42, 44 into the

reacti on chanber 10. The conées 66 are generally

hexagonal in shape (Fig. 5). [0028] Anot her
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08367 ' ThebatdnivicwbthEHfstrioutor 25 is illustrated in Fig. 4 and the
top view of the distributor 25 is illustrated in Fig. 5. As can be seen from Fig.
4, the peripheral openings 42 are spaced from the central openings 44 at the
bottom of the distributor. The peripheral openings 42 angle toward the central
openings 44 from the bottom to the top of the distributor 25. As can be seen
from Figure 5, the peripheral openings 42 are adjacent to the central openings
44 at the top of the distributor 25.

Il. Process for Producing Polycrystalline Silicon

[0031] Polycrystalline silicon is a vital raw material used to produce many

commercial products including, for example, integrated circuits and



bed reactor. The seed particles continuously grow in

size until it exits the reactor as polycrystalline
wa@riwmms1pr oduct (i.e., "granul ar" pol ycryst al PCTES2009/049113

silicon). Suitable deconposa%l e silicon conpounds

i nclude, for exanple, silane and hal osil anes (e.qg.,

thchl orosil ane). [0032] For exanple, polycrystalline

silicon particles having a particle size of about 50
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reference to Fi'g. 7, in a silane system silane
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Wth growing silicon particles (8). The aggl oneration

[Ob§3]ca%\8\?aq’iety of reactions may take place in the reaction chamber. The
reaction mechanisms which are known to occur in a silane fluidized bed
reactor system are generally illustrated in Figure 7. These mechanisms in no
way limit embodiments of the present invention as they do not constitute the
entire set of reactions which may take in the reactor system.

[0034] With reference to Fig. 7, in a silane system, silane heterogeneously
deposits onto the growing silicon particle (1). Silane may also decompose to
produce silicon vapor (3) which can homogenously nucleate to form
undesirable silicon dust (synonymously silicon "fines" or "powder") (4) and
which can deposit on the growing silicon particle (6). The silicon fines can
grow in size by deposition of silicon from silane (2) or from any silicon vapor



by bonmbardment of the fines and particles. It is
bel i eved that once the fines contact the particles

W bay/oeased oner ate due to nol ecul ar forces. [ 00BGI/US2009/049113
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| ess than about 50 nm and, sonme enbodi ments, is
| ess than about 5 nm Granul ar polycrystalline product
typically has a particle size of about 600 nmto about

0 i i t bout
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mm or even from about 0 about 1000 nm
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reacto i con _dust is separated from
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poly@vsﬂatl inal prgdbctttypicaliyahas essarticlk wize disabaut MOI psm to about
st ance, dust

208 it Blore B i abroL 808 i 1 o 1AcEoimisy avee
fr&ﬁ%u@b@b n’i‘?d Bﬁﬁut ﬂ)(metrlﬁod that invol ves draw ng

single crystal |confromrrelted pol ycrystal line
silicon by pulling a seed crystal brought into contact
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adiffind DviifrafrbeBact B BecdlorhBRhe | Bt Bustis
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result, silicon dust is sol a_lar di scount as
(C@Uﬁﬁib(ﬁb’d sPeNggam anuthat %(Blt?@ ractar.| The SEIICPD €yat is separated
k
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cyatthd sepambtidn orhhmd@crlﬁmar@.rs wherein the silicon dust
is at least partially scavenged by silicon parti cI es
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prodeod mcirtoccseahalénasmbeaw tae fimochwaiskiimethedsa Inebad itmat
mvglves drav(\;lga s‘fr?g crys(iial SO|ICOI‘]prom melpé/d polycrystalline silicon by
pulling a seed crystal brought into contact with the molten polycrystalline
silicon. When silicon dust is used in the Czochralski method, the silicon dust
is difficult to melt cleanly and it is more difficult to pull the crystal from the
melt. As a result, silicon dust is sold at a large discount as compared to
granular polycrystalline silicon. Alternatively, the silicon dust may be recycled
back into the reactor and/or fed into one or more additional fluid bed reactors

wherein the silicon dust is at least partially scavenged by silicon particles.

[0038] The process of the present invention includes introducing a feed gas
including a gaseous silicon compound capable of being thermally
decomposed into a reactor. The feed gas is heated in the reaction chamber



chem cal vapor deposition, onto the silicon particles
in the reaction chanber, thereby growing the silicon
w@arioedses i nto | arger particles typically refRPCFE2000049113
as granul ar polysilicon. Ano @er portion of the
thermal | y deconposabl e S|I|con conmpound deconposes to
form anong ot her things, silicon vapor. [0039] The
process of the present invention may carry out the
to' @Rk Nedst 2Py b tHe éillé’érF RathBadidopdnBod {Pdeposit, by
i ncorporate one or nore fluidized bed reactors
chmsmt:alg\mmn deposeon eentOrthe silisanalaridles Fhineffeactiorz soameer,
%gtors na cont | n%aus manner
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W t hout departing fromthe scope of the present

caimepeyskdeeomposeio farms@iedrd Piedithiggasii¢tanuednait i ng an
enbodi nent of the process of the present invention is
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carrier gas i nclu rogen or a no gas suc
mbredm@band)wuthdrawmfrarrdtha weomsarnmertrabcth p[dmesswthout

Ther. mal | econpaos e SI|I ounds i ncl ude
ISHIL AR GEreRR oS pitant S HBRS t her mal 1y
deconposed to produce silicon. Additional products may

[0DeOPr AdsuRENdticdagen dRSBEDeg ahiePibddifRS Bf the proesss of the
departing fromthe scope of the present invention, as

PrEsARt in¥entorpissianided & siawed. of silicon to grow t he
polysilicon particles to form polysilicon granules.
nirherpgdd gadggonposabl e silicon conpound gases include

al | gases comtaining silicon, that can be
O3B HEIECHSL RS RN pS R 3Rl s e,

desgtibed edth efarense tate fluitizel! bHdO@IalcmTrtSyaredn Otllhmtrated in
wherei n one or

silicon hal S,
Figy &y @@ﬁﬂ?éhﬁég%@o@PP%e@W?ﬂ%&awe{rﬂ% haleoigdfrom
theH¢BsFsctivB!BLEaeto tEIBLE®r system 1. The carrier gas 5 may include

hydrogen or a noble gas such as argon or helium and mixtures thereof.

[0042] Thermally decomposable silicon compounds include compounds
generally capable of being thermally decomposed to produce silicon.
Additional products may be produced from the decomposition process,
without departing from the scope of the present invention, as long as it
provides a source of silicon to grow the polysilicon particles to form polysilicon
granules. Thermally decomposable silicon compound gases include all gases
containing silicon, that can be heterogeneously deposited by chemical vapor
deposition, such as silicon tetrahydride (commonly referred to as silane),
trichlorosilane and other silicon halides, wherein one or more of the hydrogen



fluorine and iodine. [0043] The thermally deconposabl e
conpound may be introduced into the reactor wthout
wa@lRd100028m5 or the gas may be diluted with a carPCBEUSHa%B049113
such as hydrogen, argon, heljpum or conbinations
thereof. During deconposition, by product hydrogen is
produced that may be recycled for use as a carrier gas
for additional quantities of thermally deconposabl e
atbRRGOTABNE s SIESANSHNPE HRloddisuBASd BRloRNE! rBimihé,
needed. |V. Reaction Chanber [ 0044] The reaction
flughimetand iogineypi cal |y a fluidized bed in which silicon
particles are suspended by an upvvard fl ow of the

0p# 1, TBeMfigR PR PR Shmobliy HAiERe Rifbd.580 4 Mone

rebeforegthogt aintigh 6r theaRis pay tecdiktedthtaheartias gadaaeh as
whi ch enhances the deposition rate of silicon onto the
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foopdd mbnalrwammb@f mermazlgzdiecahfpopablel feebl @asdn e speration
oé t he reactor v)[n be primarily dependent upon system

Of B8 IrGRCIPLEYIFY: fIHGEREy vary from systemto system
such as the desired system output, heat transfer

|\ﬁffiﬂémﬁ%mb§b/st em fluid dynam cs, wthout
departing fromtihe scope of the present invention.
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carrier gas is fed through the first gas inlet tube 50
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The thermal |y deconposabl e conmpound is fed through the
digepsiens of the reactor will be primarily dependent upon system design

factors that may vary from system to system such as the desired system
output, heat transfer efficiencies and system fluid dynamics, without departing
from the scope of the present invention.

[0045] Typically, extraneous heat is used to cause the temperature of the
thermally decomposable gas to increase to the point at which the gas
decomposes. Methods for heating include, for example, capacitive heating,

induction coils and electrical resistance elements.

[0046] Referring now to Figs. 2-6, the carrier gas is fed through the first gas
inlet tube 50 and proceeds to the first gas plenum 32. From the first gas
plenum 32 the carrier gas passes through a series of peripheral distribution
openings 42 and into the liner chamber 45 and reaction chamber 10.



gas inlet tube 52 and proceeds to the second gas

pl enum 34. A gas other than the thermally deconposabl e
W@ orposds (e. g., an anount of carrier gas) nmayPGBUSEAI/049113

with the thermally deconpos e conmpound through the

second gas inlet tube 52 wthout departing fromthe

scope of the present disclosure. Fromthe second gas

pl enum 32 the thermally deconposabl e conmpound passes

u cony .
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Accordi ng to anot her enbodi nent of the present

chameert4aANd FerctioRrcagdeyall)- f Bacayisenihg rgirieeas enters the
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the peripheral openingS exceeds the conceéntration of
partion oéthegeeaction chamipes. 6 amargerhenterevenisruidesirable

openi ngs..Lo r ce the ampunt of silicon which
blﬂ@b%%??i”'%?ﬁ 9ﬁ$H? E%acc(t%rrw 1. V. Reaction Conditions
[ 0049] During operation of the reaction system the

[0048] V@lcesiding tdamottbr ehdodeasht she PResdris immintibal thed
above the m ninmum fluidization velocity of the silicon
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r
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fluidized bed. hn SOne , : .
contain an amount of the carrier gas. In this embodiment the concentration of
carrier gas in the gas fed through the peripheral openings exceeds the
concentration of carrier gas in the gas fed through the central openings to

reduce the amount of silicon which deposits on the reactor wall.

V. Reaction Conditions

[0049] During operation of the reaction system, the gas velocity through the
reaction zone is maintained above the minimum fluidization velocity of the
silicon particles. The gas velocity through the reactor is generally maintained
at a velocity of from about one to about eight times the minimum fluidization
velocity necessary to fluidize the particles within the fluidized bed. In some
embodiments, the gas velocity is from about two to about five times, and in at

least one embodiment is about four times the minimum fluidization velocity



enbodi nents, the gas velocity is fromabout two to

about five times, and in at |east one enbodinent is
W@boovoRBeur tinmes the m ni num fl uidization PCT/US2009/049113

vel oci tynecessary to fluidi z&the particles within the

fluidized bed. The m ni num f Ui di zati on vel ocity

vari es dependi ng on the properties of the gas and

particles involved. The m ninmum fl uidi zati on velocity
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that are norma cool er than the rest of the reactor,
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the entire bed. Al though the present invention is not
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quality of the enulsion is quite simlar to

akoudllidOycroseche bed at the mini num f1 ui di zati on
condition. The |ocal voidage in the emulsion is close

[Oggﬁjh%e@ JH|6'&1H%§ h gbﬁﬁa;ﬂ ltﬂ% rﬂﬁ‘ﬂ’gvm fﬂﬂ&‘gan&# ﬂ8\‘/?/ rate are

| es "are gener ntroduced

oftdn désited 1® acﬂ!ﬁm:e IelghEmedmnBMBe$ hAsithaigay lVeIomty increases
fluidjzation. he rati o of actual gas vel oci
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mEt‘eragmg' B i} \%l&ééé €fhe Bd 8al %bWIé\NQ&Aé(S @{%hQ%t %T%lﬂﬁ)les and

sl ugs gas are formed in the bed ol dage
emulsleaéemtwmrig gagein omratacig\mkh gllioon patteses. heéhe goabiytof the
erﬁpfe\&%el\gaschtlegs(?%flg{] t??etﬂgsq%sall yegfqmessbeldeasﬁhg frrfnﬁl%rtuljr\r/]%lud: Pation
condition. The local voidage in the emulsion is close to the minimum
fluidization bed voidage. Hence, bubbles are generated by the gas introduced
in excess of what is required to achieve the minimum fluidization. As the ratio
of actual gas velocity divided by the minimum velocity increases, the bubble
formation intensifies. At a very high ratio, large slugs of gas are formed in the
bed. As the bed voidage increases with the total gas flow rate, the contact
between solids and gases becomes less effective. For a given volume of the
bed, the surface area of solids in contact with reacting gases decreases with
increasing bed voidage. Thus, for the given bed length, the conversion of
thermally decomposable gas decreases. Conversion may also decrease with
decreased gas residence time through the reaction chamber. In addition,



bed, the surface area of solids in contact wth
reacti ng gases decreases with increasing bed voi dage.
wabus/oofses t he gi ven bed | ength, the conversi oPCD1S2009/049113
thermal | y deconposabl e gas degreases. Conversion may
al so decrease with decreased gas residence tine
through the reaction chanber. In addition,different
undesired reactions can take place at higher rates
difteM thB8siFRY fedctiBRS cah @%bla@@%t%ﬁjﬁé‘?rrétte%rpﬁodlﬁ‘mﬁ&‘?nore
reactor 1s maintained within the deconposition
finesnper ature range of the thermally deconposabl e
compound and the nelting point tenperature of silicon.
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I nvent | 0053 Ition rates of silicon on

hediersidispossfd an trmexteunr chtheireacior nebseliwall. dBpoprassore in
th i the |
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corrputer simul ations are shown in Figure 8 . Position

"0" represents the bottomof the taper liner 28 (Fig.
E6). The cd:ata p0| nts |Ilustrated by trlangl es (|i -
AP U L6 el G SO : s

ngentib |Ilustrated by circl es (|. ., the data [ine
wth the Iovver peak) depict the deposition rates over

10058 artBetzebritBaqetisaomBien Kiaitphel SAebdoehantber
(iftYGHiRG YR pBSitiBn DAMthESAndtasuried Sith@Rfoahdipeksethe liner
chamber) over the length of the reactor under two computer simulations are
shown in Figure 8. Position “0” represents the bottom of the taper liner 28
(Fig. 6). The data points illustrated by triangles (i.e., the data line with the
higher peak) depict the deposition rates over the length of a fluidized bed
reactor operated by conventional methods and the data points illustrated by
circles (i.e., the data line with the lower peak) depict the deposition rates over
the length of a fluidized bed reactor shown in Figures 1-6 and described
above. Both simulations used hydrogen as a carrier gas and silane was used
as the thermally decomposable compound. In the reactor operated by
conventional deposition methods, hydrogen and silane were introduced into
the distributor uniformly across the distributor. In the reactor operated

according to embodiments of the present disclosure, only hydrogen was fed



as the thermally deconposabl e conpound. In the reactor

operated by conventional deposition nethods, hydrogen
wW@rdosisahe were introduced into the distri butPCT/US2009/049113

uniformy across the distribytor. In the reactor

operated according to enbodi nents of the present

di scl osure, only hydrogen was fedthrough the

peri pheral openings and a mixture of hydrogen and
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fedthrou h the peri pheral opéenings was .
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implicity, the wall deposition was determ ned w thout

lnti@@@@ﬁﬁ inﬁgth%rfeatctm’ washe sameam beth simulationsst em The
initial bed tenperature set at the onset of sinulation
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foc mmm’g@idmmn}; drs th:a‘ Sysnerlnfj I Ih'ellllnztmbl bbd dsrlnwetdtyre l@etfa\lshe
nds real tinme wo at least qualitative
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reBRR opRraiia ok Bong BgRad sden ?ﬁé“éﬁsfﬁmﬁ ARSI e
fluldueed dads ovithirm atfeww@ohglsl Dbg&m tiowe wopler dtgeestaualjtatively
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downti me. [0056] When introducing el enments of the
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thereof, the articles ' an the" and "said" are
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cetd%’fgewmtorkc&)vaﬂdmé.i onal elenents other than the |isted
el ements. [0057] In view of the above, it wll be seen
sever al ects of . t he |nvent|o are achi eved
[OQE@I W@ﬁ \‘PQHP%?Q BOenLQf ¢ %@ pé?%%ﬁtﬁ'é\ée ﬁe&efe”ed
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w t hout departing fromthe scope of the invention,
mean ithatéhekredanehene at monaof the elements. The terms "comprlsmg ,
"including" and "having" are intended to be inclusive and mean that there may

be additional elements other than the listed elements.

[0057] In view of the above, it will be seen that the several objects of the
invention are achieved and other advantageous results attained.

[0058] As various changes could be made in the above methods without
departing from the scope of the invention, it is intended that all matter
contained in the above description and shown in the accompanying figures
shall be interpreted as illustrative and not in a limiting sense.



contai ned in the above description and shown in the
acconpanying figures shall be interpreted as

WO 010902823 i ve and not in a limting sense. WHATPACBUS2009/049113
CLAIMED I'S: 1. A process for T4 oduci ng pol ycrystalline
silicon product in a reactor conprising a reaction
chanber and a distributor for evenly distributing gas
into the reaction chanber, the reaction chanber

WHPIS 8L AgvieD |past one reaction chamber wal | , the
distributor conprising a plurality of distri but| on
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dep05|ts on the reactor wall; and contacting silicon
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conmpound in the reaction chanber to cause silicon to

cafepaigid from thetsoureg of gamthowghitbe distebtidmepeniggs phthe
Ssize, 2 .. .The,process of claim,l wherein the s fed .
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wherein the ed through the central eni ngs

ol PSas BslgE 9ASdPyIOND e RRITTS| CRTURGSL GHSECe he
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deco e compound is
selected fromthe group consisting of silane,
tri chl or ccoritacting silicbmpatiolesswithireetbbrmally détmmposatds s
sﬂ?cfonccl:om;r)r(])lf'n netrh%I r[e]ag:trl]c?n E:#aer%gar loy cadu%ceosrlrlrl)c%%ato deeposn onto the

silicon particles and increase in size.

2. The process of claim 1 wherein the gas fed through the
peripheral openings consists essentially of carrier gas.

3. The process of claim 1 or claim 2 wherein the gas fed through
the central openings consists essentially of thermally decomposable

compounds.

4. The process of any one of claims 1 to 3 wherein the thermally
decomposable compound is selected from the group consisting of silane,

trichlorosilane, and mixtures thereof.

5. The process of claim 4 wherein the thermally decomposable

compound comprises silane.



conpound conprises silane.6 . The process of any one
of clains 1 to 5 wherein the carrier gas is sel ected
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and m xtures thereof. 7 . Thg,process of claim®6
wherein the carrier gas conprises hydrogen. 8 . The
process of any one of clains 1 to 7 wherein the
silicon particulate increases in size to between about
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hysthegee of first gas and not the source of second gas.
10 . The distributor of claim9 wherein the central
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reacti on chanber, the reaction chanber conprising at
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10.  The distributor of claim 9 wherein the central openings are
configured to provide fluid communication with the source of second gas and

not the source of first gas.

11.  Afluidized bed reactor system comprising a reaction chamber
and the distributor of claim 9 or claim 10 for distributing gas into the reaction
chamber, the reaction chamber comprising at least one reaction chamber

wall.

12.  Afluidized bed reactor system comprising a reaction chamber
comprising at least one reaction chamber wall and a distributor for distributing
gas into the reaction chamber and comprising a plurality of distribution
openings which provide fluid communication between both a source of a first
gas and a source of a second gas and the reaction chamber, the plurality of
distribution openings comprising at least one peripheral opening and at least

one central opening, wherein the peripheral openings are in fluid



one central opening, wherein the peripheral openings

are in fluidcommunication with the source of first gas
w@rdoaesisot in fluid comunication with the sPCF/UTS2009/049113

second gas. 13 . The reactor §ysten1of claim12

wherein the central openlngs are in fluid

comruni cation with the source of second gas and are

not in fluid comunication with the source of first
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wherein the source of first™gas is within a first gas
with greupourad of secendigee of second gas is within a second
gas plenum 15 . The reactor system of any one of

out o annTNLrS3bor e of B2 Bt Bl Bponi R are
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first gas plenumis defined by the space between the

CQ!IT‘@PF‘IQ@UPBrW'th ﬁhpeaouusq:%ekﬂrstaga@r annul ar ring and inner
annular ring. 16 . The reactor systemof claim15
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concentric to t annular ring and inner annu
ofrfirstogaenis wittan aefirsegats plehuoughd theesalirse of secamd gasl is W|th|n
bl ock and wherein the second gas plenumis

a gg@qr}pega%gpf(ephlgl ‘space between the distributor, inlet

bl ock, inner annular ring and the product wi t hdr awal
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inlet block conprises a firSt gas channel in fluid
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defined by the space between the distributor, inlet block, outer annular ring

and inner annular ring.

16.  The reactor system of claim 15 further comprising a product
withdrawal tube concentric to the outer annular ring and inner annular ring
and that extends through the distributor and inlet block and wherein the
second gas plenum is defined by the space between the distributor, inlet
block, inner annular ring and the product withdrawal tube.

17.  The reactor system of claim 16 wherein the inlet block
comprises a first gas channel in fluid communication with the first gas plenum
and a second gas channel in fluid communication with the second gas

plenum.



