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there are alternatives for specific PV applications, polysilicon will remain the
preferred raw material in the near and foreseeable future. Hence, improving the
availability of and economics for producing polysilicon will increase the growth

opportunities for both industries.

20 The majority of polysilicon is produced by the commonly called Siemens
hot-wire method with silane or trichlorosilane (TCS) as the silicon-bearing gas
(SBG) source. The SBG, usually mixed in other inert or reaction gases, is
pyrolytically decomposed and deposited onto a heated silicon filament. Another
method is the pyrolytic decomposition of SBG in fluidized beds. This is an

25  attractive alternative to produce polysilicon for the PV and semiconductor industries
due to significantly lower energy consumption and the possibility for continuous
production. These benefits stem from the excellent mass and heat transfer and
increased surface for deposition. Compared with the Siemens-type reactor, the
fluidized bed reactor offers considerably higher production rates at a fraction of the

30  energy consumption. The fluidized bed reactor will also be more continuous and

highly automated to significantly reduce labor costs as well.
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reactor walls where they deposit. Removing the powder from the gas phase reduces
the potential for contamination of the silicon rod.

In a fluidized bed reactor process, powder may adhere to granules and
incorporate in the particle, thus contributing to the overall granular growth.

25  However, a large portion of the powder will be entrained out of the fluid bed reactor
with the outgoing gases. In a fluidized bed reactor process for granular silicon
production, such fine silicon powder is considered a production loss since it does not
contribute to granular material.

Silicon powder may also be produced in other SBG deposition processes,

30  e.g., intentionally in a Free Space Reactor or unintentionally in Chemical Vapor

Deposition (CVD) reactor for thin film deposition on a substrate. Another source of
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280I a c%gtrgictporf%%ufged material and product with the surface of the reactor system, thus
avoiding or minimizing contamination. The skull layer also may provide a diffusion
barrier for preventing migration of reactor wall elements into the silicon product.

According to one embodiment, a method for producing silicon or a reactive
metal is disclosed herein that comprises:

25 introducing a silicon-bearing feed or reactive metal feed into a reactor
chamber, wherein the reactor chamber includes a reactor chamber wall having (i) an
inside surface facing a reaction space and (ii) an opposing outside surface;

generating a first thermal energy within the reaction space sufficient to

generate a liquid silicon product or a liquid reactive metal product;
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wherein the melting process produces liquid silicon;
maintaining the inside surface of the reactor chamber wall at an equilibrium
temperature below the melting point of the silicon powder while thermally melting
the silicon powder; and
20 solidifying the liquid silicon after it exits the reactor chamber.
An additional disclosed embodiment concerns a method for producing solid
multicrystalline silicon that comprises:
introducing a silicon-bearing gas into a reactor chamber, wherein the
reaction chamber includes a reactor chamber wall having (i) an inside surface facing
25  areaction space and (ii) an opposing outside surface, and a product outlet;
generating a plasma in the reactor space;
thermally decomposing the silicon-bearing gas by subjecting the silicon-
bearing gas to a sufficient temperature to produce liquid silicon;
maintaining the inside surface of the reactor chamber wall at an equilibrium

30  temperature below the melting point temperature of silicon while thermally

decomposing the silicon-bearing gas; and
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and (ii) an opposing outside surface;
a plasma energy source coupled to the reaction chamber and configured to
generate thermal energy within the chamber reaction space;
20 an exterior thermal energy source configured to subject the outside surface of
the reactor chamber wall to heating, and located outside of the reactor chamber; and
a product outlet configured for withdrawing liquid silicon or liquid reactive
metal from the reaction chamber.
The foregoing will become more apparent from the following detailed

25  description, which proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A and 1B are schematics of one embodiment of the disclosed reactor
system. FIG. 1A is an exploded view of a wall section of the reactor shown in FIG.

30 1B.
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In the figures like reference numerals refer to like elements unless otherwise

specified.

15 DETAILED DESCRIPTION
The singular terms “a,” “an,” and “the” include plural referents unless

context clearly indicates otherwise. The word “comprises” indicates “includes.”
Unless otherwise indicated, description of components in chemical nomenclature
refers to the components at the time of addition to any combination specified in the

20 description, but does not necessarily preclude chemical interactions among the
components of a mixture once mixed. Any numerical values recited herein include
all values from the lower value to the upper value in increments of one unit provided
that there is a separation of at least 2 units between any lower value and any higher
value. As an example, if it is stated that the amount of a component or a value of a

25  process variable is from 1 to 90, preferably from 20 to 80, more preferably from 30
to 70, it is intended that values such as 15 to 85, 22 to 68, 43 to 51, 30 to 32 etc., are
expressly enumerated in this specification. For values, which have less than one
unit difference, one unit is considered to be (0.1, 0.01, 0.001, or 0.0001 as
appropriate. Thus all possible combinations of numerical values between the lowest

30  value and the highest value enumerated herein are said to be expressly stated in this

application.
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exterior energy source. The inner thermal energy source may be a plasma as
described in more detail below. Alternatively, the inner thermal energy source may
be electron beams, resistance heating elements or induction heating elements.

25 The heat flows generated by the inner thermal energy source and the exterior
energy source are shown in FIG. 7A and 7B, respectively. The inner heat flow
progresses as follows: a heated reaction gas — liquid silicon film — solid silicon
skull layer — reactor chamber wall. The exterior heat flow progresses as follows:
reactor chamber wall — solid silicon skull layer — liquid silicon film. The inner

30  thermal energy source provides the energy for the thermal decomposition of the

feedstock material. The exterior thermal energy source provides for precise control
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or the reactive metal up to more than 5000°C.
The overall thermal control approach may also include thermal insulation as
described below in more detail.
[lustrative embodiments of the reactor system are shown in FIGS. 1-5. In
25  general, a reactor system 1 includes at least one feedstock inlet 2, at least one liquid
product outlet 3, a reactor chamber 4, an outer containment chamber 5, and a plasma
generating source 6.
The feedstock inlet 2 may be any type of port or valve that enables controlled
introduction of the feedstock into the reactor chamber 4. For example, the inlet 2
30  may be a nozzle such as a water cooled structure made from quartz, graphite and/or

silicon.



As descri bed above, the processes disclosed herein
establish a tenperature gradient fromthe outside
waebaer7nf the reactor chanber to the reacti OPCEPS2989/044712
i nside the reactor chanmber as shown in FIG 6. The
specific tenperature gradient will vary dependi ng upon
several factors including the feedstock nmaterial, the
feed rate, operating pressure within the reactor
space, etc. In addition, the tenperature gradient is
time dependent since it will change begi nning from
start-up of the reactor to steady state operation.
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| ocated within the r?actor chgg ?r wal | 10. The
react or CHARBEF SWRRY fof generping diesplashaimpiyibg @y (1iPf aLROWEL

f acigagply hEIE@ARE PlasiRAGEudeRIRML 8B, RRRESWAG plasma. Depending
20  upon the specific plasma type, the plasma power may range from 1 to 1000 kW,
more particularly 10 to 200 kW.
The product outlet 3 may be coupled to a product collection module and/or
product solidification module. For example, the product can be cooled during free
fall through a solidification tower and then collected in water-cooled bins if mm-
25  sized droplets are desired.
In the embodiment of FIGS. 1A and 1B, at least one heat induction coil(s) 20
is located at or near the outside surface 12 of the reactor chamber wall. The coil 20
may surround the entire periphery or only a portion of the periphery of the reactor
chamber. The coil 20 is made from any heat transfer material that enables sufficient

30  heating of the reactor chamber wall. The coil 20 also can act as a heat sink and



outsi de surface 12. The reactor chanber may be
provi ded in any shape such as cylindrical, oval,

wo ewvasygol ar, etc. Cylindrical reactor chanberBCEHDS2009/044712
shown in the Figures. In certain enbodi nents, the
react or chanber may have several different sized
and/ or shaped sections. For exanple, Figure 1 depicts
a first cylindrical section 14 and a second tapered or
coni cal section 15. The second section 15 tapers into
the product outlet 3. The reactor chanber wall 10 may
be nmade fron1nade fron1any material that resists
corrosi.on a f th dst
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suf frheb@ant 3 can be channeled into the electromagnetic crucible. The advantages of

20  direct coupled electromagnetic casting include no additional cost for transport
containers, silicon is not re-melted, and contamination is minimized since ultrapure
silicon is solidified in a non-contaminating skull layer crucible. Fig. 5 depicts a
configuration that enables production direct wafer casting by introducing the liquid
silicon product of the presently disclosed reactor system onto a moving horizontal

25  support substrate 27. U.S. Patent No. 4,670,096, incorporated herein by reference,
describes a process for direct wafer casting with liquid silicon onto a moving
horizontal support.

FIG. 3 also includes an off gas port 23 that connects to an off gas treatment

system.

30 Operation of the reactor system may be initiated by heating the reactor

chamber wall (via thermal energy from the exterior heat source, the inner heat
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heating of the reactor chanber wall. The coil 20 also

can act as a heat sink andsuppl enent the outer
wowrien42onl ed cont ai nnent chamber wal |l that al BOT/HS81089/044712

as a heat sink. In the enbodinent of FIG 2, at |east

one resistance heater(s) 2 1 is disposed at or near

the outside surface 12 of the reactor chanber wall.

The resistance heater 2 1 heats the reactor chanber

wall . The FIG 2 enbodi ment al so i ncl udes an
i nsul ation el enent 22 di sposed between the reaction
chanmber wal | and t he cont ai nment chanmber wall. The
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producti o rectlona ly so I con I ngot
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Bk ul thayl aawrochrceleinibcbraap& g. 5 depicts a confi gur ation
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rt substrat

2 6765 BroiRuE SR SURR e Bof By apEHELY sUeeprigs n
a pPreagissmbedimdht eetind@f @ffa@as tmig it Mayirise Grofil 1116 @
2%nt o1 4?4 °C Vrlngrg particularly 1215 to 1414 °C. The heat from the exterior thermal
energy source maintains the reactor chamber wall temperatures at the desired
temperature ranges allowing controlling of the skull thickness through controlling
the wall temperature.
The heat flow from the reactor chamber typically is dissipated to a heat sink
25  external to the reactor chamber. The heat sink may be active cooling (e.g., water
cooled-containment chamber walls) and/or passive cooling such as insulation.
The feedstock material is introduced into the reactor chamber 4 via the inlet
2. The feedstock material may be any silicon-bearing material or a reactive metal.
The silicon-bearing material may be solid silicon such as silicon powder or fines (as

30  described in more detail herein), or a silicon-bearing gas such as silane, disilane,

higher order silanes (Si,Hs,.»), dichlorosilane, trichlorosilane, silicon tetrachloride,
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hori zontal support. FIG 3 also includes an off gas

port 23 that connects to an off gas treatnent system
wa@p@rasi2on of the reactor system may be initi aP@uR2009/044712

heating the reactor chanber wall (via thermal energy

fromthe exterior heat source, the inner heatsource,

or a conbination of both the exterior and the inner

heat sources) to greater than the nelting point of the

feedstock material. This pre-heating with a

siliconbearing material present will forma silicon

carbi de |l ayer on the graphite reactor chanber wall.

The reacto
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20 hydrogen results from the thermal decomposition of the SiH,4 to Si and hydrogen.
The skull layer should have a thickness that is sufficient to protect against
contamination of the liquid product by the reactor chamber wall material. However,
the skull layer thickness should not so great that it occupies an unnecessary amount
of the space inside the reactor chamber, thus detrimentally diminishing the available
25  reaction space. An unnecessarily thick skull layer will also be more difficult to be
thermally controlled at the equilibrium thickness. In general, the average skull layer
thickness should be 0.01 to 200 mm, more particularly 0.1 to 30 mm.
Liquid silicon or liquid reactive metal flows through the liquid product outlet
3. The geometrical form (and size) of the liquid product can be controlled by the
30 design of the product outlet 3. For example, the outlet 3 can be designed to

discharge (e.g., jetting through a nozzle) droplets or spheres (which are the preferred
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the wall tenperature. The heat flow fromthe reactor

chanber typically is dissipated to a heat sink
we@iensrii to the reactor chanber. The heat si NRCTEHS2008044712

active cooling (e.g., water cool ed-contai nnment chanber

wal | s) and/ or passive cooling such as insulation. The

feedstock material is introduced into the reactor

chanber 4 via the inlet 2. The feedstock material my

be any silicon-bearing material or a reactive netal.

The silicon-bearing material may be solid silicon such

as silicon pomder or fines (as described in nDre

glelt g)hll sica If%rl (2& ﬁ“ee%stﬁ g%érrnogon b Frg%gﬁne{ 1§'got|lfro _'1_10510n) In one
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as tltanlunug% zirconi um coul d al so be reduced using

the PrSCELS’ aREaR BpRPRYLr SYRICIWLR A SieiieiR o Hfgence the size of
S|Inﬁ@&09@@der i ntroduced into the reactor system nmay
be small silicon particles (fines/powder) produced

fromsilicon handling (e.g. , breaking, grinding or
cutting) QGieRor %Mnefﬁ&%@?sﬁﬁe éﬁ@dlmﬁh@prmmples of the
silicon-containing gas powd may be di spersed o

sus phsstheed pracess. @apParitey anﬂémt@nﬁfavj |be F‘IPI]llé@’tli fhguld e eseqagnézed that
a
fa()e g gg@fl%l§¥ﬁ%d:éﬁ}bﬁgﬁent§o?é;ﬁlfg S%Hg% %%Hlﬁ] 5 a@ﬁﬁh}ﬂlrﬁogﬁé’tap&l as
r el dimiviag the lsenwge obthie zmeitom. pot enti al such as Ar. The
operating pressure in the reaction space 13 nmay range
fromO0.1 bar to 2.0 bar, nore particularly 0.5 bar to
2.0 bar. If the feedstock material is a
silicon-bearing gas, the critical tenperature is the
thermal deconposition tenperature at which the gas
deconposes into a liquid. Thus, the inside surface of
the reactor chanber wall is maintained at an
equi li briumtenperature bel ow the nelting point
tenperature. The enbodi ments shown in FIGS. 4 and 5
enabl e the production of a silicon ingot (FIG 4) or a
wafer (FIG 5) directly froma silicon-bearing gas
(e.g., silane) feedstock thus avoiding the costly step
of formng, re-nelting and cutting of polycrystalline
silicon. A second gas,
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hydrogen, is present with the silicon-bearing gas in

the reaction space 13. The hydrogen results fromthe
wo b@pted27deconposition of the SiH to Si and hyReDY82009/044712

The skull layer should have a thickness that is

sufficient to protect against contam nation of the

liquid product by the reactor chanber wall material.

However, the skull layer thickness should not so great

that it occupi es an unnecessary anmount of the space

i nside the reactor chanber, thus detrinentally

di m ni shing the avail abl e reacti on space. An

unn ssaﬁll thick skull layer will also be nore
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production). In one enbodi nent, these droplets can be
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exaqﬁles and should not be taken as limting the scope
tREPnvention. What is claimed is: 1. A method for

producing silicon or a reactive nmetal, conprising:
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i) an inside surface facing a reaction space and (ii)
CﬁS’ﬁ%%l 1%th5 {ifss fhggnal energy source and the second thermal energy source.

3. The method of claim 2, wherein the adjustable energy flow ranges from

50 to 500 kW/m?.

25 4. The method of claim 1, wherein the first thermal energy is plasma energy

and the second thermal energy is induction heating or resistance heating.
5. The method of claim 1, further comprising forming a solid skull layer of

silicon or the reactive metal on the inside surface of the reactor chamber wall.

30
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surface; generating a first thermal energy within the

reacti on space sufficient to generate a liquid silicon
wee@dae7or a |iquid reactive nmetal product; gRCEDS2009104#4712

a second thermal energy exterior to the reactor

chanber wall such that a heat flow fromthe second

thermal energy initially inpacts the outside surface

of the reactor chanber wall; and establishing an

i nside surface wall tenperature within a tenperature

range that is above or below a nelting point

tenperature of the silicon or the reactive netal by

control ling,the first th e sour,.ce and t
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ﬂ?thggﬂ%EQ@bﬂhﬂ1l wherein the first thermal energy

generates heat within the reactor space at a
tenperature above the melting point of silicon, and

the fir Sty qie Erg%ﬁoﬁ %i’lfél ifh ?%e} rhehe%i 1?1‘(91]3 %eesn(reﬂng)(heﬁgédreﬁgrgy is

conbi ne to maintarn e surface
t enpengéliedeo amingirt &ﬂpsrdatsunffe:e Mallmsmpekwuml & temgerplorerttelow the
of sij |

0 th
; eaCIPelhn%:l?‘l aing tempereﬁﬁe o% Hle s1hc?n 8ealnlng]feefi Or the aeal‘g’tgvghmeg'ﬂ af%ed.

s vertica
Ihe Iqu|d silicon or liquid netal can flom1domn t he
chanber 8. . The thod. of . claim5 erein the .
sor T skult TR STih Solkisdb iy w06 Hah R is
maintained at 1 to 300 °C below the melting point temperature of silicon or the

reactive metal.

20 11. The method of claim 10, wherein the inside surface wall temperature is
maintained at 1 to 200 °C below the melting point temperature of silicon or the

reactive metal.

12. The method of claim 1, wherein a silicon-bearing feed is introduced into
25  the reaction chamber and the second thermal energy maintains the inside surface

wall temperature at a temperature of 1115 to 1414°C.

13. A method for producing silicon, comprising:
introducing silicon powder into a reactor chamber, wherein the reactor
30  chamber includes a reactor chamber wall having (i) an inside surface facing a

reaction space and (ii) an opposing outside surface;
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9. The nethod of claim1l, wherein heat fromthe second
thermal energy is controlled to naintain the inside
waebaer7nal | tenperature at a tenperature bel BUI/UR®09/044712
melting point tenperature of the silicon-bearing feed
or the reactive netal feed. 10. The nethod of claim?9,
wherein the inside surface wall tenperature is
mai ntained at 1 to 300 OC bel ow the nelting point
tenperature of silicon or the reactive netal. 11. The
nmet hod of claim 10, wherein the inside surface wal
tenperature is maintained at 1 to 200 OC bel ow t he
nelting point. tenperature of silicon or the reactive
metal . 13 FHE2 A REE ”bé‘e PSPPI wher ei n a
si | i con- beanaligméEleaghe silicait podiecetsubfetngt thesiti@mgiowder to a

chanber and the second ther nal ergy maintains the
o BEP PR AR OHPPGE Tt OE SeoBARE R i g
1115w1§e@¢11141k4q@un]g3péoe%_smbdm|@k_ Hid @lﬁd\%guCi ng silicon,
conprising: I.ntroducing silicon powdef 1nto a reactor .
chanber , WR3IRING ﬂteH%“‘i‘ee%&ff“ifrOf&?a{ Fﬁ‘f&F CPE_W@P% ¢al atan equilibrium
r eact@perGRMRRAY e hle1na pbiRbof(thd siBddnipdtiEtay il micAGR the silicon
facing a reaction space and (ii) an opposing outside
sur fRee¥eG8Rbrating a plasma in the reactor space;
ther mal | yoilhtdenge fidied SliddnGaRr iPOWHKe LBXctstRifSL 1 Ng the
silicon powdér to a tenperature greater than the
melting point of the silicon powder via the plasng,

erei n_the el LindgoRIAReSSuRhadNGBHsihe Sothnsi) h&ARs
%Qintaininngﬁe %hs?de su?fé%e of ?ﬁg'%eaétor %ha %?e
wal |ougsidezsnrieapuif Kiclsedctomchanmhsewall.ur e bel ow t he nel ting
poi nt of the silicon powder while nelting the silicon
powder; and solidifying the liquid silicon after it
exi ts t hd5r ébeethod hiaribarl3, fitherdoeprend Gamol acsbbd siidd, skull
further caonpri sing contrall abl eating the outside
sur 1AEEf PRI D PR BE RPN S ' T et hod of
B aim 13, further conprising formng a solid silicon
skul |

16. The method of claim 5, wherein the first thermal energy generates heat
within the reactor space at a temperature above the melting point of silicon, and the
first energy source and the second energy source combine to maintain the inside
surface wall temperature at a temperature below the melting point of silicon.

20

17. A method for producing silicon or a reactive metal, comprising:

introducing a silicon-bearing feed or reactive metal-bearing feed into a
reactor chamber, wherein the reactor chamber includes a reactor chamber wall
having (i) an inside surface facing a reaction space and (ii) an opposing outside

25  surface;

generating a first thermal energy within the reaction space sufficient to
generate a heated reaction gas and a liquid silicon product or a liquid reactive metal
product;

generating a second thermal energy exterior to the reactor chamber wall;

30 forming a solid skull layer of silicon or the reactive metal on the inside

surface of the reactor chamber wall; and
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| ayer on the inside surface of the reactor chanber
wall. 16. The nethod of claim5, wherein the first

W bwpigd27ener gy generates heat within the reack@Gr/USPaY@I4712
at a tenperature above the nelting point of silicon,
and the first energy source and the second energy
source conbine to nmaintain the inside surface wall
tenperature at a tenperature below the nelting point
of silicon. 17. A nethod for producing silicon or a
reactive netal, conprising: introducing a
silicon-bearing feed or reactive netal-bearing f eed
intoar
i ncl udes
sur fraeduct ﬁeh rhgt the fleﬁiﬁbwmovsrpatze lamh [(dnh()n theoppd skuttigayer;

out si de suyrfac ene in i rst ermal, ener

Ot bl e, RierBoEt fBEMENR s bhihih T R P A Fparess as

Peatfegow¢ arhttORagam glamd» Bqdid §Uédh o3 kdabt@@f}n@ﬂcfﬂm% s@llid alicon
I qul reactl ve ta r oduct eneratin a seco

t%er%‘?ac%Y?erP?ﬁrl %{{T%‘V‘?f 7 TEAGLE ﬁ‘éanfg[@é&’f‘%ran% gfﬁr?ﬁféﬁ‘ld W&Wal energy

f or deR@a@s $ bl wkttdw Y RberedseSis! thIEAR: QeactoRBhan@REWY &>
netal on the inside surface of the reactor chanber

val 150lidplerariteaglive metplikel layere— | lidgidisgicen py eativp st Eim.
or the liquid reactive netal product such that the
filmflows down on at |east a portion of the solid
skul | | ayér Theymethed f qlye 1 whereintthesilgpin-bepipegfped is a silicon-
PNl el bt rddF 3, gnLZQWHérQlﬁtn D1 Q@ SRHIAS R, | OVs:
eate reaction gas - ui l'icon or reactive neta
fil rtrlclﬂ@,r@miadesﬂicmt@tra@ﬂorrdeahbnommﬁm atibrgkgsilang, ailiepn

-=>r e[@t‘fé{b%mlﬁg %q‘&?orsgé{%! t!riiiod?%‘gang,rgﬁlc&? &lﬁglgd&ig glr M&xtﬁ?rg ﬁlreg%f
generates a 'secon ea ow 't hat progresses as
follows: reactor chamber wall -> solid silicon or

It :gg: : x: 1%?’% m]@tlﬁi)cll of C_JLa%elThwéleremat ¢ sghcso:pl Igl:rcl)rpgnt? %i is silane gas.
Mherein the silicon-bearing feed is a S|I|conbear|ng

I f H n+ wh to 4,
a2 or oohy Al L g ke Suprifegn © °

t et r achl eittodecingliihogmshib an@ctok &ma&m@ﬂmaeanﬁe redttidn@Bimber

: :: :1a$ m ggaﬁpg icjllllaom ofs Yly%ﬂzlq%Vng(ngp?gs?dse sur ?PC% fac?rllgl e{ r%e?crtllon space

and (ii) an opposing outside surface, and a product outlet;

?aCt o f 1&, rﬁ el’ uV\A']s1ﬂc nlq)r(%,' gt o&g e q)uld rﬁac%ﬁe mgtéell

20 generating a plasma in the reactor space;
thermally decomposing the silane gas by subjecting the silane gas to the
plasma to produce liquid silicon; and
maintaining the inside surface of the reactor chamber wall at an equilibrium
temperature below the melting point temperature of silicon while thermally

25  decomposing the silane gas.

21. The method of claim 20, further comprising generating a thermal energy
exterior to the reactor; and
wherein the plasma generates heat within the reactor space at a temperature

30  above the melting point of silicon, and the plasma and the exterior energy source
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19. The nmethod of claim 1, wherein the silicon-bearing
feed is silane gas. 20. A nethod for producing

W@ R00p2€3271 conpri si ng: introducing silane gas iPEDUSR009/044712
reactor chanber, wherein the reaction chanber includes
a reactor chanber wall having (i) an inside surface
facing a reaction space and (ii) an opposing outside
surface, and a product outlet; generating a plasma in
the reactor space; thermally deconposing the sil ane
gas by subjecting the silane gas to the plasma to
produce liquid silicon; and maintaining the inside
¢ orp AP Rt MBS 1B ar TR St fls S SRl BT e
si | im@nngyihtef tifiesnral | y deconposi ng the sil ane gas. 2
1. The nethod of claim20, further conprising
generating a thermal energy exterior to the reactor;
and wher ebnAtBeidRlspsdm cospesiad:es heat within the
reactor space at a tenperature above the nelting point
of silicdilicgrgearing f‘iﬁ’@%“r\‘éﬂ&ﬁ%f‘CPY?em%tﬁ]tfé‘ﬂS@Fk;ener ay
sour ceconliRgort GaiBbMhaiiftiidega tdashAamvéd RaanMlkfines a
tenperature at a tenperature bel ow the nelting point

of shpmBgrEcachon spACq aRd drcrdes (aneiRtide Bigeq 18ring thegeaction space

si | £a0inPedhpoithe REARLAR O @ reactive metal
f eedst ock; a reaction chanber that includes a reactor

chanber waldsme Rearexielraesuriedcharesclipe sanjbehansisaeiesuastdo
A géﬁaﬁte@z%?%né&? WAGinSHY e Ig%lﬁg% ?éatgg, reaction

space and an-opposi ng out Si ace; a plasmm
ener gy sourgerigdupheldntigy shrace @abgirehtochbjntsdlre autrdde surface of

i, . i . '
ggg %fg}réacﬁgra{h??lg%%gaglgé gf;:e&lag,r %kocﬁﬂé&‘ Blgt%(lﬁl(\—!moit tﬂ%: %a&tglechamber, and

‘exterior ermal energy

sour ce capredguraadettooniSgin¢deiot withdrawing $igdd ssinod erdgjunfreactive
the]£%%%¥or c%%ggg{hﬁgk&_to heati ng, and | ocated

out si de ?ﬁe react or Chanber; and a product outl et
onfigured for wwthdrawing liquid silicon or liquid
reactive 23. The reactor system of claim 22, further comprising means for injecting a

silicon powder feedstock into the reaction chamber.

24. The reactor system of claim 22, further comprising a hermetically sealed
20  containment chamber encompassing at least the reactor chamber and the exterior

thermal energy source.

25. The reactor system of claim 22, further comprising means for vibrating
the product outlet.
25
26. The reactor system of claims 22, wherein the exterior energy source
comprises at least one induction coil disposed around a portion of the outside

surface of the reactor chamber wall.
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metal fromthe reaction chanber. 23. The reactor
systemof claim22, further conprising neans for

WO pjoggs2ny a silicon powder feedstock into thePCEHESI00DM4712
chanber. 24. The reactor system of claim 22, further
conprising a hernetically seal ed contai nnent chanber
enconpassi ng at | east the reactor chanber and the
exterior thermal energy source. 25. The reactor system
of claim 22, further conprising neans for vibrating
the product outlet. 26. The reactor system of clains
22, wherein the exterior energy source conprises at
| east on uctlon COi
the out s? l?ﬁlur fadeyar™ Oﬁéa?igg% g’?reélhtﬁ Xte“d\?\”éf“frg&%ource
The dcepeit@rt Bys bmmmﬁtamjeaemrz&pomen edbnitact véth @ ybeionh of the
ener é ource ﬁ%ﬁ npri ses, at t one resistance heater
dlsﬁ% Ly sprface it EWw%FfWHmeg ion of the outside

surface of the reactor chamber wal
5
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