MANUFACTURI NG APPARATUS FOR DEPGCSI TI NG A MATERI AL ON A CARRI ER BODY FI ELD
OF THE | NVENTI ON [ 0001] The present invention generally relates to a
manuf act wongizppaeat us for depositing a material on a earnisesiibomgys More
specifically, the present invention relates to a gasket for use in the
manuf act uri ng apparatus. BACKGROUND OF THE | NVENTI ON [ 0002]

Manuf acturing apparatuses for depositing a material on a carrier body are
known in the art. For exanple, silicon nmay be deposited on the carrier body

to produce polycrys | in ilicon. Lt | i rabl osit the materia
with a high purity NUleHﬁ'ﬁf A §§083%Eﬁ9%’2‘}1g’§0 by inpurities is
limted. Depositing the né@@??gp} %éﬂgél BngBﬂVEBX with high purity,

i nvol ves careful control of environmental conditions surrounding the

deposi tion process. For exanpiELD U TAHEANVENAGNat is in direct physica

or atnospheric communication with the naterial can potentially contribute
impurities to theydRt Bl Bsent REERBY LABIRMDAL DY LR RIEE! Bbaratus

for depositing a material on a carrier body. More specifically, the present invention

relates to a gasket for use in the manufacturing apparatus.

BACKGROUND OF THE INVENTION

[0002] Manufacturing apparatuses for depositing a material on a carrier body
are known in the art. For example, silicon may be deposited on the carrier body to
produce polycrystalline silicon. It is desirable to deposit the material with a high
purity such that contamination of the material by impurities is limited. Depositing the
material, especially silicon with high purity, involves careful control of environmental
conditions surrounding the deposition process. For example, any substance that is in
direct physical or atmospheric communication with the material can potentially
contribute impurities to the material, thereby contaminating the material.

[0003] Under certain conditions, substances that are in direct physical or
atmospheric communication with the material can contribute even greater amounts of
impurities to the material. For example, when the substances are heated, many
impurities present therein are subject to release from the substances. The released
impurities that are released by the substances can then be introduced within the
reaction chamber. Once the released impurities enter the reaction chamber, the
released impurities can be absorbed by the material thereby contaminating the

material. As such, any substance that is subject to heating in the presence of the



[ 0003] Under certain conditions, substances that are in direct physical or
at nospheric communication with the material can contribute even greater
anount s oVoi2opuMmR422es to the material. For exanpl e, wherCrhis2guabgteanhces are
heated, many inpurities present therein are subject to release fromthe
substances. The released inpurities that are rel eased by the substances can
then be introduced within the reaction chanber. Once the rel eased
inpurities enter the reaction chanber, the rel eased inpurities can be
absorbed by the material thereby contam nating the material. As such, any
subst ance t Fgferipl cay By ?%“ﬁ%éf? ﬁaiﬂlfﬁﬂﬂﬁﬁﬁgghéét maftiakpil8rial can
have a significant effect on contamnation to the material, In a
conventionaPmﬁﬁWHWékFﬁ??%@“%ﬁ%é?%?%%%‘hgﬁégwéﬁ?PH&Fdﬁ%Sﬁ§éBeF%w§%%l t he
reaction chanber is a potential point of contam nation of the material.
[0004] GenefBMBer ispipqteiiabpodit of ratpignatoRer ivassital-onal manuf act uri ng
apparatus, the carrier body is heated in the presence of a deposition gas,
whi ch contai ns t W80HEweradly, dugngleprssdtiont Re that epivantioptl meuEgFingr body.
The heating of the carrier body results in the heating of the reaction
chanmber and aprepsesq ik edryen bedyhisdicpied infthe ineesepgs kadta dapppitionmlgasy, whiple gasket
conprises a Teflon(r) inpregnated nmaterial that contains substances that
woul d be consitgay éd niatgsiak ite deposik fhefraierdil on thehrarmvg bedyi. alhe Tehenghelah¢ ng of t he
gasket and the expose of the gasket to the deposition gas results in the
rel ease of icaper bedyessilistio thheeatogceli bn redvéimbeharhipen mntl honggedody . the

[ 0005] The inpurities released into the reaction chanber contam nate the
mat eri al on hthieg ofithe igasket AYpicaiyh itetpasiet unoeses abifon® Adetgriaedahdiarial as t he
gasket is heated, the gasket losses flexibility and suffers extensive creep
rel axati on, thabht@iip @vanicss thhewgds ke tordstderad pmpgétics yf foeal innbe taerisleact i on
chanber. If the reaction chanber is not properly sealed, inpurities from
out si de t he Theae&iin@df Gbandrer andaye epberoftiitegkleded thodegRRidhhs @Ads Gont am nat e
the material . [ 0006] The conventional manufacturing apparatus nay be
equi pped W e relogk ioNBnigvELIa®, thékehioaShanWatBhrBOGIskdlg | acket, in an effort
to cool the gasket during operation of the conventional manufacturing

apparatus. The cpebsnahdaMpe@ses! iel¥hdedti® e adciéh OfantHee coRrskRbiei Be an ef fort
to prevent the release of inpurities fromthe gasket and prevent hardening

and creep reglaxal b hOfartitbARSKRLh iHaNRVEIble. t RRRIhA1YTRY BlefkdiNs t he
i ndustry away fromthe use of the cooling devices due'to increased costs

and i nt engage, 3 QRAA! RVl e Sullrs (ARGAOLCBY 1RGP Such.

prevents the gasket from properly sealing the reaction chamber. If the reaction
chamber is not properly sealed, impurities from outside the reaction chamber may
enter the reaction chamber and contaminate the material.

[0006] The conventional manufacturing apparatus may be equipped with
cooling devices, such as a water-cooling jacket, in an effort to cool the gasket during
operation of the conventional manufacturing apparatus. The cooling devices limit the
heating of the gasket in an effort to prevent the release of impurities from the gasket
and prevent hardening and creep relaxation of the gasket. However, there is
movement in the industry away from the use of the cooling devices due to increased

costs and maintenance associated with the use of the cooling devices. As such, there



remains a need to provide an inproved gasket for a manufacturing apparatus
for depositing material on a carrier body. SUVMARY OF THE | NVENTI ON AND
ADVANTAGB®0 2013/01242p0007] A gasket is used in a manuf act BCirrug2@poascas us t hat
deposits a material on a carrier body. The gasket seals between a housing
and a base plate of the manufacturing apparatus. A reaction chanber is
defined by the housing and the base plate. The gasket prevents a deposition
conposition, which conprises the material to be deposited or a precursor

t hereof, from escaping the reaction chaanr. The gﬁgket conprisgﬁ a
flexible gr&pHit%e? REtely BOVITHE MPEReh2askgt A MRMHaT e PP ERt s t he
gasket from contam nating the material within the reaction chanber

Theref ore, tFROSYAERBICTIALGN 4f@1ifg BAIY: n manuf act uri ng appar at uses that produce
materials of a high purity. Additionally, the gasket can be used in
manuf act uri ng apparatuses that do not have a cooling device while stil

mnimzing the contribution of inpurities to the material, such that the
manuf act uri ng apparWWMIEARYLF EF%%%ENFE)MNQ ABRVAYTAGESgh purity. BRI EF

DESCRI PTI ON OF THE DRAW NGS ~[0008] O her advantages of the present
i nvention will bé0YHAghskeip ppadcn ataahufagiiring appasaes thelclspesits b enateial
understood by reference to the follow ng detailed description when
consi dered ion acomnachddyn Wia haskéteseals dwtpanyd hepsogamidng Sasshidateiaf; the
[0009] Figure 1 is a partial cross-sectional view of a manufacturing
appar at us f orandegosig appgratus et eadtigh chamtzr cadefingt bybibe housirtgantl hige base
manuf act uri ng apparatus having a housing coupled to a base plate for
defini ng a practlihergadeapbents a deposition composition, which comprises the material to
be deposited or a precursor thereof, from escaping the reaction chamber. The gasket
comprises a flexible graphite material. The flexible graphite material prevents the
gasket from contaminating the material within the reaction chamber. Therefore, the
gasket can be used in manufacturing apparatuses that produce materials of a high
purity. Additionally, the gasket can be used in manufacturing apparatuses that do not
have a cooling device while still minimizing the contribution of impurities to the

material, such that the manufacturing apparatuses can produce the material of a high

purity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Other advantages of the present invention will be readily appreciated,
as the same becomes better understood by reference to the following detailed
description when considered in connection with the accompanying drawings wherein:
[0009] Figure 1 is a partial cross-sectional view of a manufacturing apparatus
for depositing a material on a carrier body with the manufacturing apparatus having a

housing coupled to a base plate for defining a reaction chamber;



[0010] Figure 2 is a cross-sectional view of a portion of the manufacturing
apparatus with a gasket disposed within a groove defined by the base plate
bet ween awbizngpam242t endi ng from a flange of the housi ngpramastha/oswse pl at e;
[0011] Figure 3 is a cross-sectional view of the portion of the
manuf acturi ng apparatus with the gasket di sposed between the flange of the
housi ng and the base plate and al so between the reaction chanber and the
groove of the base plate; [0012] Figure 4 is a cross-sectional view
of the portion o igeF,manLif acturi ng ap 1ar,at us with t hfe gaske di sposed
between the flanfQIYFigHe 2hig dsiAt Ernthden L @ prtigneolhg mAn3cHERSeen t he
groove of the base plate and a bolt, which couples the housing to the base
ol at e: apnags3yilER girke dsppgedavithing grooucdstigrd Py (redireatiale RIWESE# i on of
t he manuf acturing gcgpar atus with a first gasket disposed within the groove
of the basefipedcatcpdpsben e oinbhovaing aihige bass@lat at e and a second gasket
di sposed between the fl an%e of the housing and the base plate and al so
bet ween t he grool81HfFigHe S5a 38 erqst-sacEonghaicy Yahe poripn ehthe srasrEstufing housi ng
to the base plate; [0014] Figure 6Ais a toﬁ view of a segnment of the
gasket ; apparatus with the gasket disposed between the flange of the housing and the base
plate and also between the reaction chamber and the groove of the base plate;
[0012] Figure 4 is a cross-sectional view of the portion of the manufacturing
apparatus with the gasket disposed between the flange of the housing and the base
plate and also between the groove of the base plate and a bolt, which couples the
housing to the base plate;
[0013] Figure 5 is a cross-sectional view of the portion of the manufacturing
apparatus with a first gasket disposed within the groove of the base plate between the
finger and the base plate and a second gasket disposed between the flange of the
housing and the base plate and also between the groove of the base plate and a bolt,
which couples the housing to the base plate;
[0014] Figure 6A is a top view of a segment of the gasket;
[0015] Figure 6B is a top view of a plurality of the segments of Figure 6A
with the segments overlapping to form the gasket;
[0016] Figure 7A is a top view of alternative segment of the gasket having a
first end defining a recess and a second end having a leg extending there from;
[0017] Figure 7B is a top view of a plurality of the segments of Figure 7A
with the segments interlocking to form the gasket;

[0018] Figure 8A is a top view of another alternative segment of the gasket

having first and second ends each defining a notch; and



[0015] Figure 6B is a top view of a plurality of the segnents of Figure 6A
with the segnents overlapping to formthe gasket; [0016] Figure 7Ais
a top vi ewoabiaalieeenati ve segnent of the gasket havi ng &cCriussaiiengtief i ni ng
a recess and a second end having a | eg extending there from [0017]
Figure 7B is a top view of a plurality of the segnents of Figure 7Awth
the segnents interlocking to formthe gasket; [0018] Figure BAis a
top view of another alternative segnent of the gasket having first and

second ends each |n|n a nhotch;  and Is a top
view of a plural Kﬂﬂﬂlcﬁlgw SAsiEgrightvivor! EPFTHILY 8%% Sf“'%nm‘f%%oég‘élﬁr&rﬁ%

I nterlocking to formthe gasket
with the segments inteflocking to form the gasket.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Referring to the Figures, wherein like numerals indicate like or
corresponding parts throughout the several views, a manufacturing apparatus is
generally shown at 10. During operation of the manufacturing apparatus 10, material
is deposited on a carrier body 12. For example, the manufacturing apparatus 10 may
be a chemical vapor deposition reactor, such as a Siemens type chemical vapor
deposition reactor, for depositing silicon on the carrier body 12 to produce high purity
polycrystalline.  The carrier body 12 may have a substantially U-shaped
configuration. However, it is to be appreciated that the carrier body 12 may have
configurations other than the U-shaped configuration. Additionally, when the
material to be deposited is silicon, the carrier body 12 is typically a silicon slim rod
comprising high purity silicon with the silicon deposited on the silicon slim rod for
producing high purity polycrystalline silicon.

[0021] With reference to Figure 1, the manufacturing apparatus 10 comprises
a base plate 14 and a housing 16 for coupling with the base plate 14 to define a
reaction chamber 18. 'The housing 16 has at least one wall 20 with the wall 20
typically presenting a cylindrical configuration of the housing 16. However, it is to be
appreciated that the housing 16 may have configurations other than cylindrical, such
as a cubed configuration. The housing 16 has an end 22 that is open for allowing
access to an interior of the housing 16. The base plate 14 is coupled to the end 22 of

the housing 16 that is open for covering the end 22 to define the reaction chamber 18.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0020] Referring to the

Fi gures, wherein like nunerals indicate |ike or corresponding parts

t hr oughouwwoths/aewer al vi ews, a nmanuf acturi ng appar at us PC3/Usengnadeby shown
at 10. During operation of the manufacturing apparatus 10, material is
deposited on a carrier body 12. For exanple, the manufacturing apparatus 10
may be a chem cal vapor deposition reactor, such as a Sienens type chem cal
vapor deposition reactor, for depositing silicon on the carrier body 12 to

produce hig urity polycrystalline. The carrjer dy 12 y have a
substantialPvgﬁﬁgmé$%ﬁm%8%'iﬁh?é??%ﬁ@ePbﬁﬁ0%?{%%@qﬁ%x?ﬁnﬁg%dﬂ$Wé'?ated t hat
the carrier body 12 may have configurations other than the U shaped
confi gur at i B¢ PAYGILT ISorPaPY o iR dRutifel Grafdditionally ghe Basg dlids 14 BAIRYY si 1 i con
the carrier body 12 is typically a silicon slimrod conprising high purity
silicon witKX®g t@?ﬁﬂé@ﬁwﬂﬁﬁb§ﬁ%ﬁﬁm§ﬁgﬂﬁé)%@ﬁ?ﬁ%ﬁfﬁﬁ?ﬁ1rod for producing
hi gh purity polycrystalline silicon. kOOZl] Wth reference to Figure
1, the manufact u[‘\"i@ Wihaefarcnes @ digweiplpse hausigskd s at fdanga 26nwhigh housi ng
16 for coupling with the base plate 14 to define a reaction chanber 18. The
housi ng 16 kusndstiranedstwadPd afahtd hopgingil 6.h Morespaeifiralyothe ylahgeald extqpdesent i ng a
cylindrical configuration of the housing 16. However, it is to be

appr eci at ed teiraers¢lpdronotisiwagl 2D6ofrthy hdwming 16dnfa Ganeatibdd Biher thet hran
cylindrical, such as a cubed configuration. The housing 16 has an end 22

t hat i s openplafeord iakbuphidig tadeesisg 16 thnbisapltd ad 2dfand He fhogsemiP81@¢ The base
plate 14 is coupled to the end 22 of the housing 16 that is open for

coveri ng t heypantly 2Bgred widf dmeearfolter métahdé Aangehznizesllel & the Gaseplalel M, t he base
plate 14 is transverse to the wall 20 of the housing 16 when the base plate
14 i s coupl agpitdlyt e fhogsadg AdvalleAddthtthobat plate theh&rage bpdeaplee 14 i ypi cal |y
ext ends beyond the wall 20 of the housing 16 to a base plate end 24.

[0022] Wt hcogli@rtemeamotiOnd i @ureSlahgd2s dlbers Rumidgatd 64 ks @uple@ngte 26, whi ch
extends fromthe wall 20 of the housing 16. More specifically, the flange
26 extends ho@RpVRY SBipically, oo ie rurde 262thdahe b€ pheuss Mgind @ HoR R ot ange end
28. Wen the base plate 14 is coupled to the housing 16, the base plate end

24 and the fdaRgR LAt 38N Rch ¥Ph 681 Iy s@bicaRe HovMroh 6abencahel pte i th the
flange 26 parallel to the base plate 14. Typically, the flange 26 is

paral | el W higtdi€ebage el @dishel 42 YRS B H%ﬁs%ﬁ% Pé aheintbaleSpiaeunl Ry to the
housing 16. The flange 26 allows the base plate 14 to be coupled to the

housing 16. TyRiGahdive o RN dRerfid RNYGpALciRE HaD@e RES 80 RY Ak Baskhifefl i ne a
hole 30 for recéiving a fastener 32, such as a bolt, to secure the housing

16 to the bgﬁgnc?tﬁghgrég:syeb6 IC@?tbg t%icffeﬁ%&’}éée}(dnr%ttﬂl%a(?s%ﬂt%’}%eé?3i?r events the

housi ng 16 romnmoving relative to each other. It is

Lo be appreciatefobil, LIE .30 1R 1er a5 el 44300 Lol | anoe 26
groove 34. The groove 34 is defined about a periphery of the base plate 14.
Additionally, the flange 26 of the housing 16 may have a finger 36 extending from the
flange 26 for engaging the groove 34 of the base plate 14. The engagement of the
finger 36 of the flange 26 with the groove 34 of the base plate 14 ensures that the base
plate 14 and the housing 16 are properly aligned when coupling the housing 16 to the
base plate 14.

[0024] The manufacturing apparatus 10 includes an electrode 38 at least

partially disposed within the reaction chamber 18. The electrode 38 is typically



[0023] As best illustrated in Figures 2-5, the base plate 14 nmay define a
groove 34. The groove 34 is defined about a periphery of the base plate 14.
Addi ti onawbDyp1ithes2| ange 26 of the housing 16 may have &Ciusgen/ 083695
extending fromthe flange 26 for engagi ng the groove 34 of the base plate
14. The engagenent of the finger 36 of the flange 26 wth the groove 34 of
the base plate 14 ensures that the base plate 14 and the housing 16 are
properly aligned when coupling the housing 16 to the base plate 14.

[ 0024] The manufacturing apparatys, 10 includes. an el ectrode 38 af_| east
partial 1y dSPOSL e i EhEeF 4ot POREHARL]? EEOAHb dhe gt e 58 | <
typically disposed through the base plate 14. The carrier body 12 is
coupled to ﬁ”ﬁ@lnetp"eﬁeta?tbﬂéh@@b%lﬁhiwplfﬂg” thedacirade @n‘é%%’é‘ﬁesla@.elel‘i?ﬁ?@éﬂ ly, the
el ectrode 38 conprises an electrically conductive material having a m ni num
el ectrical CoOMYEEEi VAl BrviRobmitiBHpetestrisrlcopfucsyity gigeem jupnpegure of

Si emens/ nmeter or S/ For exanple, the electrode 38 can conprise at | east
one of coppétleassildxidr Siepiepympter pmvBndir arEplfolhg clesteds Brcapkpeprisseet s t he
conductivity paranmeters set forth above. Additionally, the electrode 38 can
conprise anleabl o3¢ phaepnesetiyer heckebnldene] wid eoldarcagheremdrchemepigrthhy above.
Mre typically, the electrically conductive material of the electrode 38
has a m ni maendatteatyriagaletecoset trothi appry AdditiaeHy.ttehgestzptle Bé cof coalyoist 58x106
S/'m The electrode 38 typically conprises copper with the copper present in
an anount ofnabguthali@eds thy camdughtitybpesaktian s¢tHertnwebayht Mydre tipecally.gbe r ode 38.
The copper can be oxygen-free electrolytic copper grade UNS 10100.

[ 0025] The eleetitallydeoBBcetivw heaatied ol thhid ctriie Bgacki ommhanmbedlecticaby passage
of an electric current through the electrode 38. As a result of the heating
of the el ectomeids,at trbren canperagure lpddyoul 28k K° Isaat elthetedecaodtepRO8iptcaliy
tenperature through a process known as Joule heating. Typically, the

deposi ti on tefapecatopper efithtthe ceer pREenb@atlyn hRowhtt dTi dbolithE0OrEe BE the@nt chanber
18 is of from about 800 to about 1,250, nore typically of from about 900 to
about 1, 150basadén eeReiBRIE the/flétidlid ¥8.0Thd épprahabe oRp&ntffeeaieublyde 100
degrees centigrade. The Joule heating of the carrier body 12 results in a
radi ant/ convgsiet weadersiiomoef the reaction chanber 18 and other material in
communi cation with the carrier body 12. Typically, during operation of the

manufacturing appesfttR Jd@ro@BPRUALY RAHMARP RAAIIA @afberl Ry R&GEE ON
chanber 18 is of from about roomtenperature to about 400, nore typically

of from aboyt ,13QctR QRQH thRR8h (RNPI QMR 0T & b hRuRaltl e %atifng%‘tﬁ@wt 150
to about 350 degrees

electrode 38, the carrier body 12 is heated to a deposition temperature through a
process known as Joule heating. Typically, the deposition temperature of the carrier
body 12 within the reaction chamber 18 is of from about 800 to about 1,250, more
typically of from about 900 to about 1,150, and even more typically of from about
950 to about 1,100 degrees centigrade. The Joule heating of the carrier body 12
results in a radiant/convective heating of the reaction chamber 18 and other material
in communication with the carrier body 12. Typically, during operation of the
manufacturing apparatus 10, an operating temperature of the reaction chamber 18 is
of from about room temperature to about 400, more typically of from about 150 to

about 350, and even more typically of from about 150 to about 350 degrees



centigrade. It is to be appreciated that the operation tenperature is not
constant during operation of the manufacturing apparatus 10 and the
oper at i ngwvoenpanat2ar e general ly increases during oper at iPOm/US2011/0446p9026]
The radi ant/convective heating of the reaction chanber 18 generally
facilitates thermal deconposition of a deposition conposition. The
deposition conposition conprises the material to be deposited on the
carrier body 12 or a precursor thereof. For exanple, the material to be

deposited may be silicon and the deposition conposition nmay conprise a

hal osi | ane, Cg‘ﬁ’éﬁ‘d&s Lic g"r GEE?IF%\%‘F E‘Pt DOPRIFSN | (HRCT Akl déb&%‘i‘ 4%n
conposition may further conprise hydrogen. However, it is to be appreciated
t hat the deﬂl%ffgt ?R?ﬁat’é’BrPSdE‘? fI}aB‘tﬁfaﬁ’é’S‘/ngcﬁi?PﬁPf‘loselooi‘I’rﬁ]eﬁlle PPEURS PYeraiispeci al | y
silicon containing nol ecules such as silane, silicon tetrachloride,
tribronosi | 8ferallyaerreaseschiriag eRa4tiRe. Typically, when the material to be
deposited is silicon, the carrier body 12 is the silicon slimrod and the
deposi ti on conpol02¢lotheciadipaiicavectiychtagpn of heneactiphehaphpgr ddneeperaieposi t ed
onto the carrier body 12 due to thernmal deconposition of the

trichl or osi fagHiatesHdwanper decomppsitiqnpopet dgnosiden saoapotiert te dAepesifiet uri ng
apparatus 10 can be used to deposit materials other than silicon on the
carrier bodyompositidddionipoines| thy  material do the depoaie@rancihataadicr atly tlReornat eri al to
be deposited may be a conposition, which conprises nore than one material.
[ 0027] Genepelchygr theredpls Hoepedmpde.dhe metepalav datdepasperd inky bs silic@mngdah¢ ami nat i ng
the material. An inpurity or inpurities, as the terns are generally used
her ei n, ar e dgskitine dcoapodtiore hewwedrinpoise a bdoghlonmn dutines pr elsensiganoforwhi ch i s
undesirable in the material deposited. For exanple, when the material to be
deposi t ed i sromidsilanen ;Thé Bepokinpul torhpoeBion inag dmrder torhpyde adrbyent Mwede, al um num
arseni ¢, boron, phosphorous, iron, nickel, copper, chrom um and

conbi nat i ons i§ hescePpreciaR @fadtheepdsitithicbm@odi tigaunhayt doBrigd e fredufsotshe

materi al deposited on the carrier body 12 results in a high purity of the
material . Heg@lacipdy i dilcon@8ortilfink € iidlecSlediSREh Ny Rilihe, NERIYS tdtAthlbi®@, mat eri al
has an inpurity content of |ess than or equal to 1 parts per mllion

atom c. HowgRémodiland, and idARrG&PRELCTRHi@My ! RAdn WhhidAL (TR &fpbdleati® be
deposited is silicon, there are additional distinctions between deposited

silicons, whilehh, Qﬁ"é“ce@ﬁer@d@l? Pagag: SNcSEAHERSd Rld dhe! RP&NLHINNRIPoliMofONt eNt s.
Wil e the above threshold for characterizing the material as having a high

purity proviGesin@tidiRR&Nadd Mrte §iAford ReychhIEA ichd GOMLERE bodEROILE §F Silicons
can still be characterized as high purity wth substantially |ower inpurity

content tha 'Ehehﬁﬁ d%%ﬂ?[%)@lﬂhlq oistﬁtf: trfcﬂfotr(réil O\fﬁ}wever, it is t[) Q)Q ?léﬂrec\{gt&&lihﬁtetflg rence to

Figure 1, the nmanu uring apparatus 10 also conprises an inlet 42 defined

oy Che houS g AL WLSNSL0N. 00 0R0RL G0 DPRL) LA
defined by th | at.e..14... Typi call i 0l ipe. 44 i . ted t
derned B g Pagg 5L 3ty LA S0 LILEh IR AoyBRmapctod i

to th ti hanber . 18. .Th facturi t 10 I
compr i se_an"ACF &t OHENYSF) WaGP By RRE O LRg™ 8 G0 al | owi ng the deposi ti on

conposition or a_reaction byproduct.thereof to be renoved fromthe reaction
chanber 18 O 100ERGPRuR BRI HePoniseElsy R Gt OBt ween t he
flange 26 and the base plate 14 is insufficient to prevent the deposition
conposi ti on A e XCalBiig Dt A IPREEEH off Bh AT rara Ul 15O S92t he
mechani cal interaction between the flange 26 and the base plate 14 is

typi cal I'y i Astiferiaia@riendt 9F @omPormh e inrgseceedltwhiply s yetipgleriaghe i on
chanber 18, such as inpurities in the anbi ent atnosphere outside the

reacti on chalifséipl d@ositerlonhos prarplrgWhgiethe anptariabp Bhdenveitedlis silivhr®¢ ore, t he

manuf acturing apparatus 10 further conprises at |east one gasket 48
di sposed befippshies of concern typically include aluminum, arsenic, boron, phosphorous, iron,

nickel, copper, chromium, and combinations thereof. Generally, limiting impurities



the base plate 14 and the housing 16 for sealing between the housing 16 and
the base plate 14. [0030] Wth reference to Figures 2-5, the gasket
48 seal s wetzasan242he housi ng 16 and the base plate 14. @cmarsadiipg46vhe
gasket 48 is conpressed between the flange 26 and the base plate 14 for
sealing the reaction chanber 18 to prevent the deposition conposition from
escapi ng the reaction chanber 18. For exanple, when the deposition
conposition conprises trichlorosilane, the deposition conposition is a gas

and the gasket 48 prevents. the trichlorosilane from escaping the reaction
chanber 18. PAgdi {1 @ﬁéfraitﬁﬁafilqlf@“%é’!%élﬁe %‘éﬂeﬁrbB&éﬁ% ’ées‘iﬂf?ﬁﬁf‘ﬁ’fg%é?%@k?fetP‘ﬁal to the
reaction chanber 18 fromentering the reaction chanber 18 during operation
of the nanuP&E?ﬁ*iHﬁﬂhﬂﬁﬁﬁdngef@?‘WHEG%§§R@tH@@“N§V5@€fﬁW§56§€Hw%ﬁthin t he
groove 34 of the base plate 14 with the finger 36 contacting the gasket 48
to conpr ess Mty SR olgss Bin edrilig | Patweed itler appisi HgWasdhid (¢ he base
plate 14, as shown in Figure 2. Additionally, as shown in Figure 3, the
gasket 48 n&y apEeditehtaeyhghthe mratesiak o by dppesited i tifiende Hiere He agfil@wé 34
within the reaction chanber 18 with the flange 26 contacting the gasket 48
t o conpr ess dishectigas Reitvearg dépgpitadesilijongy weithvsemn be madpdassdmyp sequemidlly he base
plate 14. Furthernore, as showin Figure 4, the gasket 48 nmay be disposed
on the base lpieatapuiy ecjtate iWVhilhide gboovreduldoint giagsteafing e meetliaon chanber
18 with the flange 26 contacting the gasket 48 to conpress the gasket 48
for seal i nghbeagwednglt perityoprsvides 416 upped linhie fdyade iplpatite codtent, depositfd031] Wt h
reference to Figure 5, the at | east one gasket 48 may be further defined as
a first gaskiitomdSAnand & decowrdzglaskieth 488y Wiipksdatahyallyt eevef immtritgasket 48A
is disposed within the groove 34 and the second gasket 48B is di sposed on

t he base pl abmentthaadjcatestiold deefcgthabye. 34. The second gasket 48B may be
outside the reaction chanber 18 or within the reaction chanber 18. The
finger 36 contacl928]withikftengaskatig#8A, the aRdmrR&Sing ppirhtustiogaisket 48A

for sealing between the housing 16 and the base

comprises an inlet 42 defined by the housing 16 for introducing the deposition
composition into the reaction chamber 18. It is to be appreciated that the inlet 42 may
be defined by the base plate 14. Typically, an inlet pipe 44 is connected to the inlet
42 for delivering the deposition composition in a gaseous state to the reaction
chamber 18. The manufacturing apparatus 10 may also comprise an outlet 46 defined
by the housing 16 for allowing the deposition composition or a reaction byproduct
thereof to be removed from the reaction chamber 18.

[0029] Generally, the mechanical interaction between the flange 26 and the
base plate 14 is insufficient to prevent the deposition composition from escaping the
reaction chamber 18. Additionally, the mechanical interaction between the flange 26
and the base plate 14 is typically insufficient to prevent impurities external to the
reaction chamber 18, such as impurities in the ambient atmosphere outside the

reaction chamber 18, from entering the reaction chamber 18. Therefore, the

manufacturing apparatus 10 further comprises at least one gasket 48 disposed between



plate 14. The flange 26 contacts the second gasket 48B to conpress the
second gasket 48B to further seal between the housing 16 and the base plate
14. wpQOBAj1242t h ref erence to Figures 6A-8B, the gasiatS2eud/ouesys
conprise a plurality of segnents 50 with adjacent segnents 50 contacting
each other in series to formthe gasket 48. CGenerally, the segnents 50 have
a first end 52 and a second end 54 spaced fromthe first end 52. As shown
in Figures 6A and 6B, the segnents 50 may overlap one another for formng

t he gasket 48. For, e le, the first end 52 of one of the segnents 50 may
be stacked 8}‘?'15‘6%1)16?)3? %Ed g@@BHﬁn?e%P%ﬁea&flg g‘ﬁ?ﬁ(ﬁﬁb‘?‘e ﬂ‘?l%flﬁta}’ilg ﬂgee nts 50.
Alternativel}/, as shown in Figures 7A and 7B, the first end 52 of each of

t he segnent & 4may define a recess 54 and the second end 56 nay have a | eg
58. In such an enbodi ment, the leg 58 of one of the segnents 50 engagi ng
the recess 54 of (043 Weh rdderencstio Figares dgmilistagsisp ¥ gialsihgtreser Sieiionyng he
segnents 50 to formthe gasket 48. As another alternative shown in Figures
8A and 8B, tlhand fhedpseagic 4. Sneprilhe theeraplst 4& d-osmresteditigevesa divefnge 50 nay
define a notch 60 on opposing sides of each of the segnents 50 with the
first end 526aRd habassilahid wesarbing de 5Qcemybginhy 8He mowrehhedepotitiothot her one
of the segnents 50 for interlocking the segnents 50 to formthe gasket 48.
The gasket 48npwifioni Bew ¢sepipd trealrdapyorochaeynel® s 90 dxamplal Mdwi ribe t he
gasket 48 to be fornmed of various dianmeters and thicknesses. For exanple,
addi tional SegsintsoBposaios compesel odhégosiland, ferdepeséticntrengpanet ier ga$ t he
gasket 48. Alternatively, fewer segnents 50 are interlocked to decrease the
di amet er of atdthe gaskkietSprd&nts the trichloBG38)k fionr ésagpinpide adacidom dhmbérel 8.

manuf acturi ng apparatus 10, pressure within the reaction chanber 18 may

I ncrease t o Aaditiopalyathengsket @8 purvents Ahpinrnieg lexprmab euthe ratictibr chabiber t&act i on
chanber 18 may reach the operating pressure, the gasket 48 is still capable
of sealing beiwessriidehehedisiiciy cAfmiandist derikkasperplidat of 1de nlypiac@lihy, the
operating pressure is |less than of fromabout 15, nore typically of from

about 2 to ap@wtuﬁm.amgam&mgrﬁfaﬁ bt YIRp&RH k)thQf thE LRIVABO UL thd bh piheut 7
at nospheres. The engagenent of the finger 36 with the groove 34 prevents a

si de bl owout 4 Qfiththe fih @23k RbncRRIRS galfet 4830 doﬁbl%isethggash(yt, 48 e s@ngagement  of
the finger 36 and the groove 34 prevents the gasket 48 fromrupturing as

pressure W HoiRed e hb @At 160Md SRepREp1ad8 41 NCHERS ESTighd Dt NRIINRLEly, bhe
engagenent of the finger 36 with the groove 34 all ows the gasket 48 to be

t hi nner. showl 038 Bhe Qaskels A %Q!EBF&%%%J ll)aéé(bmeelzgéc?é%ﬁﬁtttﬁe material .
Generally, the flexible graphite material is used to allow the gasket 48 to

adequatel y seal. SIRiRRAL LRLiohRAIARE 1§ &ifhd funlll Db ki, B BYEN4P eVenting

the introduCtion of Inpurities Into the reaction cha may

i1t orentt y (TR BRI b R LR FPA R B B PB4 o g ust

roacti on_ chiRBEs SR BRafs lRaOr PEuRy B Eaed PRERIRL T e
ga0kEL 20 gyl RGBT RSP B 8, O SRIPRRRSRE, Do e
TR T R MENER T s
and the base plate 14.
[0031] With reference to Figure 5, the at least one gasket 48 may be further
defined as a first gasket 48A and a second gasket 48B. Typically, the first gasket 48A

is disposed within the groove 34 and the second gasket 48B is disposed on the base

plate 14 adjacent the groove 34. The second gasket 48B may be outside the reaction
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[ 0035] Cenerally, the gasket 48 is in atnospheric communication with the
reacti on chanber 18. As such, the gasket 48 is heated as a result of the
oper at i ngvoenpanat2are of the reaction chanber 18, whi chpCowsSRo1LioONSS can
damage the gasket 48. Additionally, the gasket 48 maintains the seal of the
reacti on chanber 18 even though the gasket 48 is exposed to the operating
pressure within the reaction chanber 18. Exposing the gasket 48 to the
operating tenperature and operating pressure can result in creep

rel axation, which can prevent the gasket 48 from sealing the reaction
chamber 18. RS &t OF ‘E’ﬁ@n &%R@P%@g G’é{% rﬁ‘r‘hftﬁ%‘éf 1 Cé’}%iaﬁfgéhegfiré&ﬂarﬁ *t materi al
can nmaintain_a conpressive strength required to seal the reaction chanber
18 for a l oﬁ%‘%rto HerRTSd tog firg %ﬁ’%keéggégﬁ*ﬁﬁ%l’é‘a belyvept WérhobﬁnfgoW @Pttheg%?é?et s made
fromother materials, such as Teflon(r), while being exgosed to the

operati ng t &lfreliatliic dangr?ospringt Msgeqone sakietetSiite ReMPeTdhg weendiggrket hanber

18. Cenerally, the flexible graphite material of the gasket 48 has a creep
rel axati on 6%3Pé@ghﬂﬁﬁﬁbSW%@%m@g@@ﬂ$1@W@d§§§W§Uﬂ@81ﬁaintains the seal of
the reaction chanber 18. Typically, the creep relaxation can be tested
usi ng Met hod BSI [0832)5With referenp@3diigumset @Sk dhe 48skes 4818y compistospheri ¢
communi cation with the carrier body 12 within the reaction chanber 18 and

i s theref or elirlitaohwgphess P wetb rrhaning stginnts Wotdontadtmg ratheptherl in sgricstio i s
deposited on the carrier body 12. Therefore, care nust be taken to ensure

t hat t he gaddketthdgasicet. Mdmerbntthd gments AP bavetd st ¢ndtB ane se@adendn chanber
18. As such, the flexible graphite material of the gasket 48 has a thernal
stability saitpdebe fiom the évertd A2CApbeit inoFiguahbahand #B, rresagmentns5@ he
introduction of inpurities into the reaction chanber 18, when exposed to

t he oper at i ngytoea@rat uh@herAddiotmmpahd gaskardy. Condxaiplel theifffpend 52e8 i nto the
reacti on chanber 18 through deconposition of the gasket 48, which can occur
as a result ofd ofxé RYnRAPGO @thythe stableedapasmbi hg sdconpetidaiiuragodachnt be
deposition gas. Said differently, the gasket 48 does not deconpose when
subj ect ed t hetdaEmOREF@L AMBrnb@IPL aatkoWE: inAdelirtd DNahd YB, thb&ird leeXsbbe graphite
mat eri al of the gasket 48 has a chem cal resistance suitable to prevent
deconposi t i @hQff teBe @Rk m4Bde M iaGLeG:A dn8 S secdnl ehdh 86 niaﬂhmdiusg i on of

inmpurities into the reaction chanber 18, when exposed to the deposition

gas, such asgCh Qth BeeaORfiREA (AY133S @8 ohd KAhERLAELASKD @Aging the recess
54 of another one of the segments 50 for interlocking the segments 50 to form the
gasket 48. As another alternative shown in Figures 8A and 8B, the first end 52 and
the second end 56 of the segments 50 may define a notch 60 on opposing sides of
each of the segments 50 with the first end 52 of one of the segments 50 engaging the
notch 60 of another one of the segments 50 for interlocking the segments 50 to form
the gasket 48. The gasket 48 comprises the plurality of segments 50 for allowing the
gasket 48 to be formed of various diameters and thicknesses. For example, additional
segments 50 are interlocked to increase the diameter of the gasket 48. Alternatively,
fewer segments 50 are interlocked to decrease the diameter of the gaskets 48.

[0033] During operation of the manufacturing apparatus 10, pressure within

the reaction chamber 18 may increase to an operating pressure. Although pressure
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[0037] The thermal stability and chem cal resistance of the flexible
graphite material of the gasket 48 results in the flexible graphite

mat eri al wonorsalik422contri buting inpurities, if at all, POT@S2I@/0849EL 1 ON
chanber 18 al though the flexible graphite material is in atnospheric
communi cation with the carrier body 12. Said differently, because the
flexible graphite material of the gasket 48 can resi st deconposition when
exposed to the deposition gas and the operating tenperature of the reaction
chanber 18, the jntroduction of inmpurjties, which may be present in the
gasket 48, byt ’Eeé‘%POBr‘Li‘i‘P‘ée\?éﬁt“}é"éir%C}‘ thegppetafirg pressurc; the ga#‘éb%? S§¥pi cal I y,
when the materjal deposited on the carrier body 12 is to be high purity,
the flexi bl &2R§P)pHi Scalingabdyseg) thehopsine é%é‘R‘élth%%ﬂs‘é(?ﬂﬁter ilhut'eically- dhount of
inpurities to the nmaterial deposited on the carrier body 12 that is |ess
than 1 part SPPRINSRPSTISHS EsdHiee Of Howethont 1 vesre wWistlly 196 Tieat ghova? Weposi t ed
on the carrier body 12 is not high purity, the flexible graphite materi al

of the gaskebowug, @@%@V?rbgwstyp@gﬁv Phpign thoss 3t thaboknowineakies s The t he
prior art, such as gaskets nade froma Teflon(r) inpregnated material. The
limtation ongagementnt thehingdr 3ompthrthe Rregveni4 M ventshiesidgedivequt 4Bthe efaciaii nat i ng
the material deposited on the carrier body 12 allows the material deposited
on the carrceambsody. BRid disfomoilnl thy epgakgmeny of Ahd fipgsr $Pland e, groovendet and/ or
exceed the high purity threshold described above. Additionally, the
limtation orevpreWengaskon 48f frompuptitingess pressmet Withigabk etac® dambamihat i ng t he
mat eri al deposited on the carrier body 12 nay be acconplished despite the
fact that therassuffachermony teppaigiest A0the singot3tegjth hpedooxt B3H atoes i ng
devices for reducing the heating of the gasket 48. However, it is to be
appr eci at ed tHehatkec&loibaghiaieyi ces, such as a water- cooling jacket may be
used to further enhance the contamnation limting effect of the flexible
graphi te mat eri aj0034] The gaflR03]cohppics al flaxibld Baphiteexhtotid. greaphily,ahérat eri al

of the gasket 48 conprises at least 99.75, nore typically at |east 99. 88,
and even norexibMRipalid haRtiallieast tOQ10X0thP aisks: 48fto gdsgamlwedp&@&aacgan 100 parts
by weight of the flexible graphite material. Said differently, the flexible
graphi te matemRl 18 YHRE inSfimidhe beash pPAReRenBE GRPBtu@HLARRIh urinefif Yet

anot her way, typically, the flexible graphite material has an inpurity

content of LRSSadibARhARPAR FRSayt SRIafRMY the §38erfal @FpotitedO6h n@NRdrrRYen nore
typically less than 600 parts per mllion atomc. The flexible graphite

material my.@l B0 QR AiRLRANE thelRxAh HHHiEMar@aPHRBWIRPNLEL 1DREANRE Of the
hi gh percentade of graphite relative to inpurities makes the flexible
graphite majegial..Sy hhgb%%m g[)]]6u§n% thB HUCHRRT 14 ﬁ%féb?ééﬁg%%@%é&g{we

inpurity content of t ex e graphite materia t he exi bl e
graphite ma i ont fi b S i,.cal ess than
about 5, an ﬁgggklﬁbréﬁ®§%%§glkgjﬁgggggﬁgﬁﬁggg%%aﬁggggtZ¥%%fﬁ%#¥léon atom ¢
of inpuriti 0.th terial d sited on the carrjer bhody 12

[0040] - Desph g p g alifh e R HRERRS Atlsod S AE bk PG TG | o 11 o
graphite materi al he .i ri ontent of ~boron . hosphoy.aus wi t hin the
Pl exibi o or BRIk i Syt AR, BF MOl e bea i B0 ERRA Sl hat i on of
the material deposited on the carrier body 12. This i rticularly
beneficial WeR f‘h%ﬁ%‘th&gf‘s ft ‘%?et888‘i“P‘§85b‘?e %ﬁpﬁ%@ﬁsmgéﬁaﬁﬁ eh?ﬁ‘ﬁﬂ Fand
phosphorous are two inpurities which can be of concern in the production of
polycrystalﬂrne silicon. Typically, the flexible graphite material contains
an anount of pho&Bhorous that is |less than 10.0, nore typical“% | ess t han

6.0 and even nor @08Jiarally. theggaskeh 4R 1y i apngspherigeqonypynicaien MBAPE. 1t s

to be appreciated that the flexible graphite nmaterial nay be purified with
chl ori ne reaction chamber 18. As such, the gasket 48 is heated as a result ol the operating

temperature of the reaction chamber 18, which, over time, can damage the gasket 48.

Additionally, the gasket 48 maintains the seal of the reaction chamber 18 even though

12



to renove phosphorous fromthe flexible graphite material. Said
differently, the flexible graphite material may be exposed to chlorine gas
to renmovewphosyghes2ous fromthe flexi ble graphite materi CT/Usdditvimozl |y,
the flexible graphite material typically contains an anount of boron that
is less than 1.0, nore typically less than 0.8 and even nore typically |ess
than 0.5 parts per mllion atomc. Furthernore, the flexible graphite
mat eri al of the gasket 48 nay be substantially free of boron and/or
phosphor ous. 0041 i ntroduced above,  the flexjbl aphi te
materi al al Iﬂl’}v&"‘sﬁé‘%d%%&%@ e OBHAYRARTETSY s wiktin tttI“Feref“&é’Et“?‘G%{’e& h];&nber 18.
Additionally, the flexible graphite material does not release inpurities
into the readPiSyy tﬁ%éaﬁlé‘?ér‘mi%tlw‘i’é?ifatt“h‘:’eteﬁla‘érﬁ'@fe g OPgrABIgGRISEHC AN felt operating
tenperatures of the reaction chanber 18. Therefore, the gasket 48 can be
used wit hi nit KECPERTRCRuMINY @ppRiFenbdhergasket d@fest sealne hateictial havi ng
the high purity. For exanple, when the material deposited is silicon for
produci ng péhapghey d8.altiavisecrs fhej gaghst 48 meadp dropt the feaiblg graphyie| maeinl ican pr oduced
with the high purity because possible contam nation by the gasket 48 has
been | i m t ethabitaipgepmpicpsinersieeath aviekle seH dhegrgadien clagnhep hp firgdengehe
fl exi ble graphite material. [ 0042] Cbviously, many nodifications and
vari ati ons ofriadhd tipreess enmpired enathapriar @t pokds blade from|othghmapfials hreclabove
teachi ngs. The foregoing invention has been described in accordance with
t he rel evants lefyal’, whizmiokameoscposed us fhet dperaties enipptaiwn aidsomexainp parssure at her
than limting in nature. Variations and nodifications to the discl osed
enbodi ment mainbbe @agioappanientl 8.t Gedcdndlyeths Kickibledrdphit¢ hhetedaltof @rchaslet conme
wi thin the scope of the invention. Accordingly, the scope of |egal
prot ection dihaydeeephiasation\we ek hian A%yo emduye the gaetetismadiadinbthestdldyi ng t he
followng clains. CLAIMS What is clained is:

the reaction chamber 18. Typically, the creep relaxation can be tested using Method

BSI-F125.

[0036] The gasket 48 is also in atmospheric communication with the carrier
body 12 within the reaction chamber 18 and is therefore in atmospheric
communication with the material as it is deposited on the carrier body 12. Therefore,
care must be taken to ensure that the gasket 48 does not contribute impurities into the
reaction chamber 18. As such, the flexible graphite material of the gasket 48 has a
thermal stability suitable to prevent decomposition, which can result in the
introduction of impurities into the reaction chamber 18, when exposed to the
operating temperature. Additionally, may contribute impurities into the reaction
chamber 18 through decomposition of the gasket 48, which can occur as a result of
being exposed to the operating temperatures and the deposition gas. Said differently,
the gasket 48 does not decompose when subjected to the operating temperature.
Additionally, the flexible graphite material of the gasket 48 has a chemical resistance

suitable to prevent decomposition of the gasket 48, which can result in the
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1. A manufacturing apparatus for depositing a material on a carrier body,
sai d manufacturing apparatus conprising: a base plate; a housing
havi ng a woanp&1b4e coupling with said base plate to defPCmaSameasys on
chanber; an inlet defined by said housing for introducing a deposition
conposition, which conprises the material or a precursor thereof into said
reacti on chanber; and at | east one gasket disposed between said base
pl ate and said housing for sealing between said housing and said base pl ate

o B ovent PO O SRS LoD ISR eREophe S8 Lol
for preventing said gasket fromcontam nating the material within said
reaction ch&ppsition gas;such as chlorine containing gases lik& chlorosilane.

[0037] The thermal stability and chemical resistance of the flexible graphite
material of the gasket 48 results in the flexible graphite material minimally
contributing impurities, if at all, into the reaction chamber 18 although the flexible
graphite material is in atmospheric communication with the carrier body 12. Said
differently, because the flexible graphite material of the gasket 48 can resist
decomposition when exposed to the deposition gas and the operating temperature of
the reaction chamber 18, the introduction of impurities, which may be present in the
gasket 48, is limited or prevented all together.

[0038] Typically, when the material deposited on the carrier body 12 is to be
high purity, the flexible graphite material of the gasket 48 contributes an amount of
impurities to the material deposited on the carrier body 12 that is less than 1 parts per
million atomic. However, even when the material deposited on the carrier body 12 is
not high purity, the flexible graphite material of the gasket 48 contributes less
impurities than known gaskets in the prior art, such as gaskets made from a Teflon®
impregnated material. The limitation or prevention of impurities within the gasket 48
contaminating the material deposited on the carrier body 12 allows the material
deposited on the carrier body 12, especially polycrystalline silicon, to meet and/or
exceed the high purity threshold described above. Additionally, the limitation or
prevention of impurities from the gasket 48 contaminating the material deposited on
the carrier body 12 may be accomplished despite the fact that the manufacturing
apparatus 10 is not equipped with cooling devices for reducing the heating of the

gasket 48. However, it is to be appreciated that cooling devices, such as a water-
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2. A manufacturing apparatus as set forth in claim1l wherein said flexible
graphite material contributes |less than 10 parts per mllion atom

i mpuriti ewoto1thes2omt eri a

c of

deposited on the carrier bodPCT/US2011844695

manuf acturing apparatus as set forth in any preceding clai mwherein said
flexible graphite material contains an anmpbunt of phosphorous that
than 10 parts per mllion atomc. 4. A manufacturing apparatus as set
forth in any preceding claimwherein said flexible graphite material is

purified w
mat eri al .

claimwherein said f|exible graphlte mat eri al

graphite.

cl ai mwherein said base

th chlorine to repove hos hor ous fron1sa|d erX|bIe r
cooling jaskeuAnayeti inciL o Fries RRc B b RHEO gt Sl

is | ess

aphite
pr ecedi ng

consists essentially of

flexiblg eraghijemaedelt uri ng apparatus as set forth in any preceding

plate defines a groove and wherein a finger extends

fromsaid flange 08%3915511)&%&%@ Hexible eraphigharisgelsditee grbdvid compesssdt base

pl at e.

least 99.75, more typically at least 99.88, and even more typically at least 99.95 parts
of graphite based on 100 parts by weight of the flexible graphite material. Said
differently, the flexible graphite material comprises at least 99.92 percent graphite.
Said yet another way, typically, the flexible graphite material has an impurity content
of less than 2,500, more typically less than 1,200, and even more typically less than
600 parts per million atomic. The flexible graphite material may also be referred to as
nuclear grade graphite because of the high percentage of graphite relative to
impurities makes the flexible graphite material suitable for use in nuclear reactors.
Because the impurity content of the flexible graphite material is low, the flexible
graphite material contributes less than about 10, more typically less than about 5, and
even more typically less than about 1 parts per million atomic of impurities to the
material deposited on the carrier body 12.

[0040] Despite the small percentage of impurities present in the flexible
graphite material, the impurity content of boron and phosphorous within the flexible
graphite material is further minimized to prevent contamination of the material
deposited on the carrier body 12. This is particularly beneficial when the material
deposited is silicon, because boron and phosphorous are two impurities which can be
of concern in the production of polycrystalline silicon. Typically, the flexible
graphite material contains an amount of phosphorous that is less than 10.0, more
typically less than 6.0 and even more typically less than 1.0 parts per million atomic.

It is to be appreciated that the flexible graphite material may be purified with chlorine
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7. A manufacturing apparatus as set forth in claim®6 wherein said gasket is
di sposed within said groove of said base plate with said finger contacting
sai d gaskw0 20/epr ess sai d gasket for sealing betweenPsaiu$2tio0gionyy and
sai d base pl ate. 8. A manufacturing apparatus as set forth in claim®6
wherein said gasket is disposed on said base plate adjacent said groove
within said reaction chanber with said flange contacting said gasket to
conpress said gasket for sealing between said housing and said base plate.

9. A manufacturin pparatus as set faorth in claim®6 wherein said gasket is
di sposed on'& éfif%PVga@QEP%P’éPP% ol e ?Xﬂg%\igﬁapalrt%&%ﬁéer‘gtt &ﬁedlgFregif’dﬂ‘? eacti on
chanber with sajd flange contacting said gasket to conpress said gasket for
seal i ng bet WeBRlesHRPIR JpAFTHY M Pes RiPAsY a8 Fhlsriae gas to remoyy pPhaspRaiouf act ur i ng
apparatus as set forth in claim6 wherein said at | east one gasket is
further def ffiQBd thysflgrible regaphie spaserialt spddidenaliyt tienfledile SPbty Nt a second
gasket di sposed on said base plate adjacent said groove outside said
reacti on ch&maly GantHnsH; Uiy deroadhmt ddessipnsld, norg waicalfalsiedhant 8 conpr ess
said first gasket for sealing between said housing and said base plate and
with said fhkehgeenconeaepictlly e dhar dcdopaitsgees katliongienigpridsdernirg Becond
gasket to further seal between said housing and said base plate. 11.
A manuf act uflexigleamphitamasriakofsibe gisbet 48 inay bayubpleeedldifreg of baiomaner ei n sai d
gasket conprises a plurality of segnents with each of said segnents
contacti ng ebechhatiser to form sai d gasket. 12. A manufacturing
apparatus as set forth in claim 11l wherein each of said segnents overl ap
one anot her for [004Hi Aginsaddedabsdel the flexible graphite material allows the gasket

48 to adequately seal the reaction chamber 18. Additionally, the flexible graphite

material does not release impurities into the reaction chamber 18 when the gasket 48

is exposed to the operating temperatures of the reaction chamber 18. Therefore, the

gasket 48 can be used within the manufacturing apparatus 10 to deposit the material

having the high purity. For example, when the material deposited is silicon for

producing polycrystalline silicon, the polycrystalline silicon is produced with the high

purity because possible contamination by the gasket 48 has been limited or even

eliminated because the gasket 48 comprises the flexible graphite material.

[0042] Obviously, many modifications and variations of the present invention

are possible in light of the above teachings. The foregoing invention has been

described in accordance with the relevant legal standards; thus, the description is

exemplary rather than limiting in nature. Variations and meodifications to the

disclosed embodiment may become apparent to those skilled in the art and do come

within the scope of the invention. Accordingly, the scope of legal protection afforded

this invention may only be determined by studying the following claims.
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13. A manufacturing apparatus as set forth in claim 11l wherein each of said
segnents conprise a first end defining a recess and a second end having a
| eg wi t h wai2dideage20f one of said segments engagi ng sai d PCEASSEI108468F0t her
one of said segnments for interlocking said segnents to form sai d gasket.
14. A manufacturing apparatus as set forth in claim 11l wherein each of said
segnents conprise a first end and a second end with each of said ends
defining a notch on opposing sides of said segnment with said first end of
one of said segnents engaging said Eﬁ%ﬁgg?f anot her one of said segnents
for interlocking said segnents to f d gasket. 15. A gasket for
use in a manufacturing apparatus which deposits a material on a carrier
body, wher eiY4 K&lamslitact uri ng apparatus includes a housing and a base
pl ate defining a reaction chanber with said gasket sealing between the
housi ng and t he lbadeMpIUAIETHE PRstRalRnAROtiting # A H planat @aicr Bods ibnt a
deposition conposition, which conprises the material or a precursor
t her eof , fr OfNESEBPIIRPPLIES FRERES®A chanber, said gasket conprising a
flexible graphite material that contributes | ess than 10 parts per mllion
atomi ¢ of inpuribredlaies the material deposited on the carrier body.
16. A gasket as set forth in claim15 wherein said flexible graphite
mat eri al cont ai rshoasinghour 2 B4ngp hosphplingugth arltbasesplhie s detingn d@tipart s per
mllion atomc. 17. A gasket as set forth in any of clains 15 and 16
wher ei n sai dhdnhtexi bl e graphite material is purified with chlorine to renove
phosphorous fromsaid flexible graphite material.

an inlet defined by said housing for introducing a deposition composition,

which comprises the material or a precursor thereof into said reaction chamber; and

at least one gasket disposed between said base plate and said housing for
sealing between said housing and said base plate for preventing the deposition
composition from escaping said reaction chamber;

wherein said gasket comprises a flexible graphite material for preventing said
gasket from contaminating the material within said reaction chamber.

2. A manufacturing apparatus as set forth in claim 1 wherein said flexible
graphite material contributes less than 10 parts per million atomic of impurities to the
material deposited on the carrier body.

3. A manufacturing apparatus as set forth in any preceding claim wherein
said flexible graphite material contains an amount of phosphorous that is less than 10
parts per million atomic.

4. A manufacturing apparatus as set forth in any preceding claim wherein
said flexible graphite material is purified with chlorine to remove phosphorous from

said flexible graphite material.
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18. A gasket as set forth in any of clains 15-17 wherein said flexible
graphite material consists essentially of graphite. 19. A gasket as
set forthworosm2e2e cl ai ns 15-18 conprising a pluralityPofi/tsegmontess wi t h
each of said segnents contacting each other to form said gasket. 20. A
gasket as set forth in claim219 wherein each of said segnments overlap one
anot her for form ng said gasket. 21. A gasket as set forth in claim19
wherein each of said segnents conprise a first end defining a recess and a

second end having leg with said | eg of one of said se nts engagi ng said
recess of anot her %nglag‘ffa%‘éﬁl% YRAIBILS SF%%”S&P&“V@EW‘%‘QQEEFH wsints to
form sai d gasket .. 22. A,qasket as set forth in claim 19 wherein each

of said segitflexiblggmphidematerid! censistyiiscayaClesBHe end with each of said
ends defining a notch on opposing sides of said segnent with said first end
of one of said SegreARBUIGHE MPILES s st ERhoP 2andrdreding SRIBIVISKIY segnment s
for interlocking said segnments to form sai d gasket. - 23. A Sienens type
chemi cal vapdf bafeplds dafipps ¢ agereondivdierciiep 839 ieHgndsifrang sikflgge &f sdid j con sl im
rod for producing high purity polycrystalline silicon, said Sienens type
cheni cal vapowsingdpoyizaginmhsaderee\srof said base plate.

7. A manufacturing apparatus as set forth in claim 6 wherein said gasket is
disposed within said groove of said base plate with said finger contacting said gasket
to compress said gasket for sealing between said housing and said base plate.

8. A manufacturing apparatus as set forth in claim 6 wherein said gasket is
disposed on said base plate adjacent said groove within said reaction chamber with
said flange contacting said gasket to compress said gasket for sealing between said
housing and said base plate.

9. A manufacturing apparatus as set forth in claim 6 wherein said gasket is
disposed on said base plate adjacent said groove outside of said reaction chamber with
said flange contacting said gasket to compress said gasket for sealing between said
housing and said base plate.

10. A manufacturing apparatus as set forth in claim 6 wherein said at least one
gasket is further defined as a first gasket disposed within said groove and a second
gasket disposed on said base plate adjacent said groove outside said reaction chamber
with said finger contacting said first gasket to compress said first gasket for sealing
between said housing and said base plate and with said flange contacting said second
gasket to compress said second gasket to further seal between said housing and said

base plate.
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a base pl ate; a housing having a flange for coupling with said base

plate to define a reaction chanber; an inlet defined by said housing
for introsocomsyiaddepositi on conposition, which conpri s@sTiuseoigiokicedpn or a
precursor thereof into said reaction chanber; and at | east one gasket

di sposed between said base plate and said housing for sealing between said
housi ng and sai d base plate for preventing the deposition conposition from
escapi ng said reaction chanber; wherein said gasket conprises a

fl exi bl e graphi terial for preventing I d gasket fro . cont am nati ng
the silicon depég gEHMHHmFWEQS?p@@&ﬁE@WFHFWSdn%$YﬁWWe@ﬁ$& f%h chanber .

said gasket comprises a plurality of segments with each of said segments contacting
each other to form said gasket.

12. A manufacturing apparatus as set forth in claim 11 wherein each of said
segments overlap one another for forming said gasket.

13. A manufacturing apparatus as set forth in claim 11 wherein each of said
segments comprise a first end defining a recess and a second end having a leg with
said leg of one of said segments engaging said recess of another one of said segments
for interlocking said segments to form said gasket.

14. A manufacturing apparatus as set forth in claim 11 wherein each of said
segments comprise a first end and a second end with each of said ends defining a
notch on opposing sides of said segment with said first end of one of said segments
engaging said notch of another one of said segments for interlocking said segments to
form said gasket.

15. A gasket for use in a manufacturing apparatus which deposits a material on
a carrier body, wherein the manufacturing apparatus includes a housing and a base
plate defining a reaction chamber with said gasket sealing between the housing and
the base plate of the manufacturing apparatus to prevent a deposition composition,
which comprises the material or a precursor thereof, from escaping the reaction
chamber, said gasket comprising a flexible graphite material that contributes less than
10 parts per million atomic of impurities to the material deposited on the carrier body.

16. A gasket as set forth in claim 15 wherein said flexible graphite material

contains an amount of phosphorous that is less than 10 parts per million atomic.
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24. A Sienens type chem cal vapor deposition reactor as set forth in claim
23 wherein said flexible graphite material contributes |ess than 10 parts
per m || iwo 2at3omee20f inpurities to the silicon depositedTars2athe4spsi con

slimrod. 25. A Sienens type chem cal vapor deposition reactor as set
forth in any of clainms 23 and 24 wherein said flexible graphite materi al
contai ns an anount of phosphorous that is less than 10 parts per mllion
atom c. 26. A Sienens type chem cal vapor deposition reactor as set
forth in any of 3-25 erein said erX|bI hlte na erial is
purified with clﬁo% ﬁ@% LS SRFR Y g ABEE 1P ) reip Sgidpilexible aphi t e
mat eri al . . A Sienens type chem cal vapor dep05|t|on reactor as set
forth in an)%raﬁhltecmé‘ieﬂ%l is gursigdy Wiy eloringdp demevei B?PQO@P%BHF% BldRpdhls )
consists essentially of graphite. 28. A Sienens type chem cal vapor

depositi on EERB{ONE4]Iset forth in any of claims 23-27 wherein said base
pl ate defines a groove and wherein a finger extends fromsaid flange of

sai d housi ng f orSergeagkngs saifertyingsy el gringaliddl Togasseippaid dexible graphiye ~ A
Si enens type chem cal vapor deposition reactor as set forth in claim28
wher ei n sai dhaggaigkesnsipts egipriply edgraphtiei n sai d groove of said base plate with
sai d finger
19. A gasket as set forth in any of claims 15-18 comprising a plurality of
segments with each of said segments contacting each other to form said gasket.
20. A gasket as set forth in claim 19 wherein each of said segments overlap
one another for forming said gasket.
21. A gasket as set forth in claim 19 wherein each of said segments comprise a
first end defining a recess and a second end having a leg with said leg of one of said
segments engaging said recess of another one of said segments for interlocking said
segments to form said gasket.
22. A gasket as set forth in claim 19 wherein each of said segments comprise a
first end and a second end with each of said ends defining a notch on opposing sides
of said segment with said first end of one of said segments engaging said notch of
another one of said segments for interlocking said segments to form said gasket.
23. A Siemens type chemical vapor deposition reactor for depositing silicone
on a silicon slim rod for producing high purity polycrystalline silicon, said Siemens
type chemical vapor deposition reactor:
a base plate;

a housing having a flange for coupling with said base plate to define a reaction

chamber;
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contacting said gasket to conpress said gasket for sealing between said
housi ng and sai d base pl ate. 30. A Sienens type chem cal vapor

deposi ti ononesates22as set forth in claim28 wherein sai #Cyasz@t/ois98i sposed
on said base plate adjacent said groove within said reaction chanber with
said flange contacting said gasket to conpress said gasket for sealing

bet ween sai d housi ng and sai d base pl ate. 31. A Sienens type chem cal
vapor deposition reactor as set forth in claim28 wherein said gasket is

di sposed on said base pl ate adjacent said groove oytside of said reaction
chamber with safl! Ftaﬂ‘gt@eé%?lt t‘f F‘?l‘ﬁ”’éaﬁ)ﬂ IHEARENS 12, dRONHPR SEMBRY PNy asket for
seal i ng between sai d housing and sai d base pl ate, . 32. A Sienens type
chemi cal vaﬁ’@FChcfé‘ﬁ‘Bg?ets thsyilicam et Hprechysag herqobiisaidyrepqlion fhambefiidd ei n sai d at
| east one gasket is further defined as a first gasket disposed within said
groove and a seébkastgaskerkei dposdddorcedaiol! basePlpr fnd said heusivg 9hi d gr oove
outside said reaction chanber with said finger contacting said first gasket
t o conpress S&HNY teivesn sgidlskawingopndsedd ibagy Blétev\&rpr%mngng%ﬂmmawa sai d
base plate and with said flange contacting said second gasket to conpress
sai d second cgapksetontitonf eseanieer saglagactipeehoadar;sai d housi ng and sai d base

pl at e. 33. A Sienens type chem cal vapor deposition reactor as set
forth in any of whbminnwi®SsB2 comerish n fEaible grapket mgomp forspeveatipd spidil i ty of
segnents with each of said segnents contacting each other to formsaid
gasket . gasB4t frém Spetmpnetiny the sdivemidepdsitaapo theddpos istimoed vetot srid as set
forth in claim 33 wherein each of said segnents overlap one another for
form ng sai teag@skdtmber.

24. A Siemens type chemical vapor deposition reactor as set forth in claim 23
wherein said flexible graphite material contributes less than 10 parts per million
atomic of impurities to the silicon deposited on the silicon slim rod.

25. A Siemens type chemical vapor deposition reactor as set forth in any of
claims 23 and 24 wherein said flexible graphite material contains an amount of
phosphorous that is less than 10 parts per million atomic.

26. A Siemens type chemical vapor deposition reactor as set forth in any of
claim 23-25 wherein said flexible graphite material is purified with chlorine to
remove phosphorous from said flexible graphite material.

27. A Siemens type chemical vapor deposition reactor as set forth in any of
claims 23-26 wherein said flexible graphite material consists essentially of graphite.

28. A Siemens type chemical vapor deposition reactor as set forth in any of
claims 23-27 wherein said base plate defines a groove and wherein a finger extends
from said flange of said housing for engaging said groove of said base plate.

29. A Siemens type chemical vapor deposition reactor as set forth in claim 28

wherein said gasket is disposed within said groove of said base plate with said finger

21



35. A Sienens type chem cal vapor deposition reactor as set forth in claim
33 wherein each of said segnents conprise a first end defining a recess and
a second woao1dmeizag a leg with said | eg of one of sai drsEgrseoti®4pfagi ng
sai d recess of another one of said segnents for interlocking said segnents
to form said gasket. 36. A Sienens type chem cal vapor deposition
reactor as set forth in claim 33 wherein each of said segnents conprise a
first end and a second end with each of said ends defining a notch on
opposi ng sides of said segnment with said first end of one of said segnents
engagi ng saF%Pt?Fé‘P%ﬁalSigaSj‘ﬁgﬁorféPlp&%%sad &8 f’to‘J%%eg?‘H%P%W?‘f‘d‘rsafdrﬁoélﬁ%éﬂ‘i‘ ng said

segnents to form said gasket.
said base plate.

30. A Siemens type chemical vapor deposition reactor as set forth in claim 28
wherein said gasket is disposed on said base plate adjacent said groove within said
reaction chamber with said flange contacting said gasket to compress said gasket for
sealing between said housing and said base plate.

31. A Siemens type chemical vapor deposition reactor as set forth in claim 28
wherein said gasket is disposed on said base plate adjacent said groove outside of said
reaction chamber with said flange contacting said gasket to compress said gasket for
sealing between said housing and said base plate.

32. A Siemens type chemical vapor deposition reactor as set forth in claim 28
wherein said at least one gasket is further defined as a first gasket disposed within
said groove and a second gasket disposed on said base plate adjacent said groove
outside said reaction chamber with said finger contacting said first gasket to compress
said first gasket for sealing between said housing and said base plate and with said
flange contacting said second gasket to compress said second gasket to further seal
between said housing and said base plate.

33. A Siemens type chemical vapor deposition reactor as set forth in any of
claims 23-32 wherein said gasket comprises a plurality of segments with each of said
segments contacting each other to form said gasket.

34. A Siemens type chemical vapor deposition reactor as set forth in claim 33
wherein each of said segments overlap one another for forming said gasket.

35. A Siemens type chemical vapor deposition reactor as set forth in claim 33

wherein each of said segments comprise a first end defining a recess and a second end
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having a leg with said leg of one of said segments engaging said recess of another one
of said segments for interlocking said segments to form said gasket.

36. A Siemens type chemical vapor deposition reactor as set forth in claim 33
wherein each of said segments comprise a first end and a second end with each of said
ends defining a notch on opposing sides of said segment with said first end of one of
said segments engaging said notch of another one of said segments for interlocking

said segments to form said gasket.
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