WAFER CARRI ER W TH HUB CROSS- REFERENCE TO RELATED
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treated. The carrier, with the wafers thereon, is
semifeRAUCERTS L£3Rade oPREIFES abY hELBidAEL PReCesses.  The

profefeisbeski "hsSUF{ALEnOh BBGieRN R pASESEnaDY a'influenced by
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during the process. Therefore, considerable effort has been

devoted in the art to development of reactors and processing

methods which can achieve uniform deposition over a large wafer

surface or over the surfaces of numerous smaller wafers held in

the reactor.

[0004] One form of reactor which has been widely used in
the industry is the rotating disc reactor. Such a reactor
typically includes a disc-like wafer carrier. The wafer

carrier has pockets or other features arranged to hold one or
more wafers to be treated. The carrier, with the wafers
thereon, is placed into a reaction chamber and held with the
wafer-bearing surface of the carrier facing in an upstream
direction. The carrier is rotated, typically at rotational
velocities of several hundred revolutions per minute, about an

axis extending in the wupstream to downstream direction.



vel ocities of several hundred revolutions per m nute,

about an axis extending in the upstreamto downstream
wal2eeoti7an. Reacti ve gases are directed in the PCT/US2008/013295

downstream direction towards the wafers on the carrier
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by Caefieglericer ahsnstapt orisscomast bessmst rieacarqyer at Rave  been
devéf@%éﬁ?s “PACQ*%&§¥£§Q§r¥@£§r£§§g€5¥,tghe wafer carrier is
mounted directly onto the spindle of the reactor when the wafer
carrier is placed into the reactor chamber for treatment. The
surface of the wafer carrier facing downstream is directly
exposed to the heating elements. The susceptorless reactor
design provides significantly improved heat transfer from the
heating elements of the reactor to the wafer carrier and
significantly improved uniformity of heat transfer to all areas
of the wafer carrier.

[0006] A wafer carrier for a susceptorless reactor must
incorporate features which allow the wafer carrier to
mechanically engage the spindle when the wafer carrier is
placed into the reaction chamber. Such engagement must be

provided without damaging the spindle or the wafer carrier.
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nmechani cal | y engage the spindl e when the wafer carrier

is placed into the reaction chanber. Such engagenent
wOo@v/o4pr ovi ded wi t hout damagi ng t he spi ndl ePOF/US1968/013295

mafer carrier Moreover, the wafer carrier nust be
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nventlon esira |nc u es a u attached to
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examl e, the.h ma alllc el n
aes b IR (TED o BELPHEPUL SNE| nSBFRCRBrmeiP | g ablate in cthe
enﬁfﬁkuregﬁqnsothemmuﬁ|mﬁvsmghaa3pgnﬂﬂatabmhémtum@ aflepted to
i ndl e c ection. anot her exa the plate
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ss fit intg the o Lng.
is pretgrablerafaBrgds SPEETRMARLY, 19TSA9 o GEo TRy " The hub
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than ntgﬁot'ﬁ%FeE*ﬁﬂrpl%t: e cRY2By be E¥cuF¥E™Pd S hetple hub  may

include metallic elements. The hub may also include an insert
formed from a relatively soft material such as graphite
defining the spindle connection. In another example, the plate
may include an opening in the central region, and the insert
may be received within the opening. In one example, the insert
may be press fit into the opening. A cap, preferably formed
from silicon carbide, may also be provided partially overlying

a portion of the upstream surface of the plate in the central

region. In another example, the cap may be secured to the
insert. For example, the cap and the insert may each include
threads configured to engage one another. In operation, the

hub mechanically connects the plate to the spindle without



insert. For exanple, the cap and the insert may each

i nclude threads configured to engage one another. In
wep@vatizen, the hub nechani cally connects the PCBUS2009013295

the spindle w thoutinposing potentially damagi ng

. cancentrated. |l pads on the plate. Desirahly, the hub_is
impoHEL CBP SeBF L achta Bhased SceRbiobfd atraiinat the plate.
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position reactor incor oratigg a wafer carrjer as
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the reaction chanmber for rotation about an axis

as GaPHIFSY YePeral FIrRheRe Wbt Adth tirphneiRgRFs such as a

reacdiiciftdidimbeR, | 8 8phial1BeAbURed MItAHIE] File OPEaBtion chamber
nore reaction gases into the reaction chanber, and one
for olfO%?bO%eaPPHg Srerfts SukeRdhBEngeneraddivhdie. thigeupstream

to QOVRELEeSRANREUd AN &Y, thR WRlRictH rhéhdl $Adaphefol@cing one
mount the wafer carrier on the spindle with the
or mWpLer @@RCHHThcEasest Hats atlef AT idwag@amher, and one or

moré.plnjh%%.tt rnge%qea% 't%u%%rmswﬁmeof I} spindle

ate facing toward the one rore heating el enents.
conrRaifi@mabdy, thiserwafrr wansrienr diseradappednted mpunthethe wafer

ni.ndle, e eam.gurtac p it
cax pg%r]{]p Igrgﬁlére |% ?Eléﬁplta%e%oﬁ%r%%%ﬁ %gtﬁ?ﬁg%t sgfh%he plate
facimgnttiowped enkat $njeStareticadormsl witth the #fawnstream surface

f erahl 0 d_pbet n the i :
or PhE! S SREIIOLSALAT Y REL D SDS e MELELng, clomence.
Prefdmateint s. whbns thehewdfdr doasrietr iid embonéedi tdn the spindle,

radi ant_ heat transfer .between the .heat,n I a .
thet & r\:a eea}m[ﬁbﬁg?c?ef) fa oth rllaet\:sepelcr%a% e?ﬁgriﬁgg%g%oggglon of
the ppldteesdirebady otohfeahing vhéerlseathingt holkements. Stated

ccording tao this.aspect of.the inventiqn desirabl
anothe | Yt HEnS( S oPERFELabLYngioe Rl BN | £y CEPandigrveen the
perifidn£l S,refiodh i e udileg late addbwagirade r eimfaney and the
attached to the hub, by engaging.the hub of each wafer .
heatdng @rel%ﬁrﬁz%' spi Ml of epr&’g’é’ssi%r?ﬁsapﬁgrtat &éltgﬁ&eere with
radigiat hegd he rapistére Badweaher thar rheiciigl eelemait 89 and the

wafers carried on the plate, and renoving wafers from
Platech wafer carrier after that wafer carrier has been

[oodyCceSsedet TRACEhER FRpedt Seratd Yihwehtdes Brovides methods
chem cal vapor deposition process._ These steps

of EeeRtuRYyWateTiSepeab eBehdioy AREPTAEIRG sto this aspect of the

invention desirably includes the steps of processing a
plurality of wafer carriers, each including a hub and a plate
removably attached to the hub, by engaging the hub of each
wafer carrier with a spindle of a processing apparatus and
rotating the spindle and wafer carrier while treating wafers
carried on the plate, and removing wafers from each wafer
carrier after that wafer carrier has been processed. The
treatment preferably includes a chemical vapor deposition
process. These steps desirably are repeated using new wafers.
The method according to this aspect of the invention most
desirably includes the further step of renewing each wafer
carrier by removing the hub from the plate, then cleaning the

plate, and then reassembling the plate with the same or a
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The nethod according to this aspect of the invention
nost desirably includes the further step of renew ng
weawb/owfier carrier by renoving the hub from t PET/PE2DE013295
then cleaning the plate, and then reassenbling the '
.plate wi.th the.sane or adifferent.hub. _The siep of .
ai e {5 \tie BT e SHAP | RO UBLCBPAHDGtRRe Biate, may include
etciBasnusket paalush | sSBeeanged theorhubeipl atetndiafdr from the plate
cl eanj ng, .t he eps_used to clean the plate .
be £ CHER I BEL mbeD SHRIh OB R CAGRT HIBLSFBoTgY include
tresiimdiey WsPeRt wohil@hattAvRnthenhpbQvi des a waf er
carrier for a CVD reactor._The wafer carrier desirably

[003Q)| udesPBOpNEFe HERFRY dDpodhel JRVERELRG upEPVadRs "a wafer

carriwh dopdist reanegpr f p6g6toNd hagha ceakeal kagrARr@NEesirably
in ]? gerl pheral region. The plate has wafer-hol di ng
inc

fired adBpRER t OhRBEAIa PRRAFIESIVILRIREs SpREeRm and

dowridt tdiem URSEESRBLSUIRC e Lheehkabd ifrdih PRh&PRERIripheral
region. The wafer carrier according to this aspect of

regigp i nfent Pbatgespsamaf en-fwididadesatuges afspted to hold a
pluxfaﬁ‘%é)}t%tf' ngﬁgé%:genéxgﬁetéﬁctéi‘g tfHeO%gQEr%aﬁifsa%ace of the

surface of the plate he central region. The plate
platmyimabke aperapngiradxiregian t Hhgadafevwehnrikit &ciceyding to
. el desi I rd et r i or,m
h ol
ehid G (OE LR oy e e R 4800 et g gas £1ow
faciiuafinyg f elementasprot ectinge fromnttihen ppetir¢esm asurface of
1 cal _v r |41 Ct Ok ) NGO 1 ng
the ELEin, BHY SR Ba1 800, a0 AR WpPindve & central
axisddandontahe elgaenfiowucianesl itaeinyi @lanembedesarably has a
Spi.ndl e nted.w thin the reactian nber-for .
per AR crUBERLE Al S ERFunEng SMREART of 2pwgution apout
the upstitresIndxislownst ream di recti on, and an injector head

f i ntroduci ng.one or nore reaction gases into the .
[°°]r]g{acti ongch% T AT RTI e© onﬁ_’g’ﬁi o Gt @R naPEPVides 2
che®idd]l evapsSr adapbed tiongictidie Wed@rpspiting anwhlfer carrier

spindle with the upstream surface. of fhe flgﬁ)e faci

f

as FEREHEeRcAPAY Bot GPIRSERTarth W (3P HEL Gl { Foments Such as a

read @l | ER&hPEr ¢ aMepti dlieN GnAlraie et ih Sthéhe ebe@Gl@ chamber
is conflgured to direct one or nore reacti.on gassegﬁi n
for (FRtabhnRt PERMdiIdRcRT DR EENERT 1 THe IRASHA LY r 1 Br thRg uPstream

to &8fng8sehhowifacdtiddl i aqelfirenh; cBRbEF HECREEFI @Mtroducing
OF THE DRAW NGS | i .

one or more reaction gases into the reaction chamber. The

spindle connection of the wafer carrier is adapted to mount the

wafer carrier on the spindle with the upstream surface of the

plate facing toward the injector head and with the gas flow

facilitating element 1lying along the axis. The reactor is

configured to direct one or more reaction gasses in the

downstream direction toward the wafer carrier and the gas flow

facilitating element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 1is a diagrammatic view of a reactor and

associated wafer carrier in accordance with one embodiment of

the invention.

[0013] FIG. 2 is a view similar to FIG. 1 depicting the

system in a different operating state.
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[0012] FIG 1 is a diagrammatic view of a reactor and
associ ated wafer carrier in accordance with one
weniwodritent of the invention. [0013] FIG 2 i SPEI/USENM8/013295
simlar to FIG 1 depicting the systemin a different
operating.state..[0014] Fl .S .di agrapmat j.c to L ap.
[001v4|01ew dep?% Tng t've éé%g%'acrg réllgr tu°§edp|?%nt h’elesvils?%ﬁrfsplng the
wafdnt Garrilenands@d . ih00R8] siFEGemd oif s FAGI. agmamidary.

oo Rk o ke S LS S o] PRl stong

lindglepictimogrportions of a wafer carrier in accordance
with a further epbodi nent of the invention. [0017] . )

[00381G 6 i BIG- vPewtSi M| T ABHIETY RAT dephlf i fpctional view

depiRAAPNHoHt DAl BF CAr et N RAGGAIAANEH Wadbo¥8hnce with a
anot her enbodi rent of the invention. [0018] FIGS. 7

further enbedinerfedf akhedinyeBidaRi-c sectional views

0019Api Cti ngryal gr cart egs i%ﬁ?‘fﬂﬂa'%%e WD BUIGREr gepict

[ gﬁbodi ment s o? t he ianven_te‘lﬂon.' 0019] FIG % i's ag&l@ depicting

portarshecifi va sexfievnglamsiayr ofing aarerdaarcei evith yet another
acc it h, enbodi nent of the invention.

emb‘[ E?% wi%) }Igogﬁpf@éahent ary sectional view

[001&pi cti nIESBKt Toandof8 tahee Wafagmentarer dbAgEa@na8ic sectional

viev{/s?ce)v%vl]e] i@cto%%ldatsfear dic%%rﬁ.@)%,i ¢ i?{pla%%%%ﬁg{c%m%}jj € further

nents use anot her enbodi ment "0
embddisnémvendf orhe [ O828htEbH. 12 is a sectional view of

the conp nts of FIG_11. [0023] EIG, .13 is a.
[oojféﬁagnentgig'sat?’%ngi REEWPTRht KEi F§ I hsVdEWa Of & water
carmiaferiadd¢serdancacwdtHaanetheirheabbdimesit ehadiareiiivention.

of. the invention. DETAILED DESCRI PTI ON L0024i A . .
[0020)scept of tEss T hadford sy EPgmeRtedi AGCHoCBAe view depicting

por &gl denihofwi heri ByepienocEnegrRopat es a reaction
chanber 10 . Chanber 10 has a gas injector head 12 at

[002%) upst FEGm did kho afiegRaneatdsneRisied spepeRerbive view

of éc!hgxiﬂaﬂé Qis&d {Reyebapghstnad amBlimehtdYMHHLaNvention,
en Reacti on chanber 10 is equipped with a spindle 16

[00223i ng i FEGaxil2 18sex@ eRGiCHd OFeder ey iqf t BRe components of
FIG. 11.

[0023] FIG. 13 is a fragmentary sectional view depicting
portions of a wafer carrier in accordance with a further
embodiment of the invention.

DETAILED DESCRIPTION

[0024] A susceptorless reactor system according to one
embodiment of the invention incorporates a reaction chamber 10.
Chamber 10 has a gas injector head 12 at its upstream end and
an exhaust connection 14 open to the interior of the chamber
adjacent its downstream end. Reaction chamber 10 is equipped
with a spindle 16 having its axis 18 extending generally in the
upstream to downstream direction of the chamber. Spindle 16 is
connected to a motor drive 20 for rotating the spindle about
axis 18. The spindle is equipped with a suitable vacuum seal
(not shown) . A heating device 22 is mounted within chamber 10

in a fixed position so that the heating device surrounds
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upstreamto downstream direction of the chanber.
Spindle 16 is connected to a notor drive 20 for

WO ea0a73Tg7 t he spindl e about axis 18 . The spi nECBUSR08/013295
equi pped with a suitable vacuum seal (not shown) . A

. heat i device 22 i.s nmounted w thin .chanb i n
i T d B ATITHET (Th SRS TTER n§ ey, cety ey JE  example,
heatsitig ofevdssei p2ll mayb iadiladentorid soripsdreaalentriBplnwaesistance
n of exangle, heati ng devi ce 22 ng% anl de gne or .nore -
CALHTR r PREI OFe WAL NBRE & SUILRE ST e* et emént'd energy
and Stbrivér€ih@r theceamiengRheRAte Iy sk tONNELYi agyt beher device
same to heat qr essentialI%ﬂany ot her .device c

abl.e .
capatLe, of v PG LTSRS Witout EBARANERASY e g Bht of HGETior of
chardapbeg . 10 . [ 0025] The interior of chanmber 10 is

connected to the interior of a preload chanber 24 by a
[003%hdi ng Thek PBterder 261 scaamgsﬁe&% tif aceRRaSt it to the

int S €5 Wi fhetBR AP H3GIRE! izv;elaé, open6sdaiAgPesbkt 26. Lock 26
comruni cati on between chambers I0 and 24 and cl osed to

is ewERPSHCViddmuingestéantTiRN Y HawhéRhntRan 2ej gelectively
oper¥®V e b Mt 2BARRKIRG LR |Hg?gvléé‘8nd%@fan{ﬁé‘}ts ShPWahd 24 and

so that 'wafer carriers can be ed into the prel oad

closgrinber bargkr evstedcomevet ¢abionl so Thehadpepa@ddchamber 24 is
el IS C IS pAEL]-C tr
o e B ap B {Par. a0 el RbPRer. (oPFedhbnihg 0 that
wafen tdermitewspleare Wet hphackdnbente0 the [wrekend deghamber and
rem&%c%%' gh%@%@%hzd'Aﬂgan{hSe r%?gaa“’éfﬂa IO\Q egs connected
W ndl'rng dev

an -appropriate robotic I'ce (no
to showgtdoespheriag sahtrotar syetsmbet(wotn showshantssr s that an

and for placing wafer carri o) j e
aemGeht A el T Xl (B8 R BhPEGP oA HRS ghamber 10
can The spsoeided t héthinc| adembere2ar. norGhawlbers chdriand 24 are
30 s discussed_in_greater detail .bel ow, each er.
profiied orviHI ifee BHFTAPS LR coBPoboly SIMARY npyice (not
showip)St EegmMneirifrar ewdfeandaar ienposhé ebvyehatheg chambers and for
pmnstr%an1surface 36. The u ce 34 is

d ; :
PLagHS)| HBA o (TR TEETER cO S HC PR P s 288 SRyt e wafer

carPié s WeF6nmStBe Epahdibe surfaces of the wafers face
enerall¥ upstream Each wafer carrier also includes a
[0028), 40 e¥PBsedYEFSAte Ut RETemRFLEFCB0dPRS2, Ofhe I Wwafer

car?fePei 5§, adapt efi o 5BE@ Wht GrebecPddiasin epgdlel, each wafer
carn?flgpdligczllgaelsn I}nhietalro?défgtgoglrt Ib%rgiydeiipzl Cctieegixl'xjrjngl gn 1upstream
surface 34 and an oppositely facing downstream surface 36. The
upstream surface 34 is provided with features such as
pockets 38 arranged to hold wafers so that the surfaces of the
wafers face generally upstream. Each wafer carrier also
includes a hub 40 exposed adjacent the center of body 32, the
hub 40 being adapted to mate with the upstream end of
spindle 16. In the loading position depicted in FIG. 1, a
wafer carrier 34 with wafers in pockets 38 is disposed within
chamber 24. In the operative, deposition position depicted in
FIG. 2, the same wafer carrier 30 is disposed within reaction
chamber 10 and is engaged on spindle 16. While the wafer
carrier is in the active or deposition position depicted in

FIG. 2, the body 32 of the wafer carrier overlies heating
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wafer carrier 34 with wafers in pockets 38 is di sposed

W thin chanber 24. In the operative, deposition
w@omb7m7 depicted in FIG 2 , the sane waf er PEr/UE®08/013295

30 is disposed within reaction chanber 10 and is

enga on spi_ndle .16 . i.l.e the fer. carrier i§.l
elen&eﬁg:sg?% ve o ndeﬁg“ St i SO &é-’lltolndn ggﬁ c %g.tilrlil%lzl E?Leg{g-:’nts are

operdtedody 3Reat tHlee waladlercarareieavetbi ashe desired elevated

heati ngel enents.22. _ILn,this. condjtion, the heati
tempRTTA o SUMTa: b 15 ROSECA S va, TherePE FRgate the
wafedestdefi €l evadektHenmparatsr heXacidl &bdati aixict aleed sReactive
as to thereby rotate_the wafer carrier_and thg vvafs:esres

gaASeFhRTNH FBYHE TILAT 1BrOM RER BATETg A phd s2H aRyer the

upstiiedm | faeGiney Beadalte aBe PEBE Ovffeihecapsiéfamnd over the
facing surface of the wafer carrier and over the

surfagas cel dihe hwahgrsr SRR ih the RRFE|S oPftighe wafer

carryeirer Cairhéer%aEEQ, gpegscl eaet e t RAISHHISC e Of tike wafers,
wafers, thereby formng the desired material on the

therglyf af@¥myngt HehQadasirager BRY ebjanayCRf tieanprefargsa of the

wafed@P0Si i PO1Pr BesRmy Wt fOkhPled Lhl a 4588 LONGNCHPbcess for
the reactive gases may include first and second gases. |
formimg far JTIgds seyicorfugectne the mpackiyans®sesd |may include

£1rsEOTRYNESoABS hakkli . Cal te n?i?étabg | a3l BB FOA: or more
the group consi'sting of gallium Indium’and alum num
orgagidndtaillic adainreundsw mest chypiealyus mafdd aalkyls selected

fromni tt%%ge%ﬁ%gxiphy‘é%%%g%ti% s O% 1932 TRY ilrh'a(:‘i.lultﬂjea?ﬁe_ aluminum
or nore-ny I des of a group enent, suc as anmoni a
alkydrs ,ar shnggdmixktureg alisd | aclogdw iene gasnwuckapsi gpitrogen. or

. E oW e ition,:. t f caLr i .
hydr?%ie‘?f.i ni's %’ad%\/\g Egs 8?% Eng% rlﬁg}q{d(?p%? 0(21% %ﬁ%ﬁbm%%gﬁdes of a
grouwndVa dilkfnenént watér sarrammomiah oewawsines, | and may also

. pl aced _onto the_spindle. 16. ea t s
1ne 1&6%05???0 n"%pB‘Srr %t ué]aralgla% fg;g%r%s{'h eF%E é‘f’g%gr Pl‘;ee?o%%%lon’ the
wafelrhecaetbted winti nohé eftiniehedf waferspi ndl eatayrrsd to preload

ener.gl | iml ar. t hgse di.scl osed in_the .
charfil* A Yol B M1 Air A ua RS KO Vi poy wafers is
pladdie dhsel oshw e spfingdlieclid s heTleby fieatumesr abéd thye deposition

reference herein. [0027 best_seen in . FIGS. 3 an .
appar i SEaFF| rOT) TS HCRR ATIAE BB, Telated mating
featidiei dant twet hsphadaxi smag obet hpersgiarile whimilde to those

wafer_carrier i.s nounted on the %ai ndl.e. Pl ates%.?:=1 is a

discliofed of Hhe dri%ror A TRFFASEDF Y fEL er PRIEED tes = Patent

No. 6,685,774, the disclosure of which is hereby incorporated
by reference herein.

[0027] As best seen in FIGS. 3. and 4, wafer carrier 30 has
a central axis 42 which is coincident with the axis 18 of the
spindle when the wafer carrier is mounted on the spindle.
Plate 32 is a plate of one or more refractory materials,
preferably one or more non-metallic refractory materials. As
used in this disclosure, the term "non-metallic" material
" includes compounds of metals with non-metals, such as oxides,
nitrides and carbides of metals, and also includes carbon and
other non-metallic elements and compounds thereof. Also, as
used in this disclosure, a plate "of" one or more materials

should be understood as referring to a plate in which the one

-8-



preferably one or nore non-netallic refractory
materials. As used in this disclosure, the term

wO pponesal [ ic” material includes conpounds of POBUSL088/013295
with non-netals, such as oxides, nitrides and car bides

of netal and al so includes carbon_and ,ather . .
or Ronemtater iadsonenre ek ot Sho i *maigrity of the
thidkarssd nof hthedipdeitas useer aapl diemdtof thenmagorinye of the area

ot SR, P! G000 A UL B A0 8 B e

at 188s8Bj0rslysOhnthalt Hokiess of tdrydtidaDvetrahgth of the
| east the majority of the area of t_he,%nate, nd in
Platghi ch THE onBRePSHorRERRT B P8I SREGHT:Ht e2atP ekt ©f one or

moreS URSH ARt LAk 1 Per e 9fasd r el uritlc1sideengi Aof 1R rs or other
pl ate. Thus, unless otherw se specified, a plate of

minqihefertusee domad afFPR RERST aMate&yailscl uddhfi fppterial of

the | QIS Oracdhelp Iy nof s f epbyi g6aher "ed f Al OtbRperatures and
materials. The neterial of the plate desirably 1s

chemiglst apRViEORRENEeMEAIGAWHErehd &Renté® SfRfeBnnBRPCessing

opefﬂE¥BWF§ﬁ8dﬂﬁ‘B?@rﬂ@&%hd”&§§§skggé&%ﬁ@tkﬁgiﬁﬁkéﬁ carrier.

operations used to clean the wafer carrier. Although _

Althdughmtde amaserind ppat etBaow rtRvshybsd af@ivg sSubstantial

r gt h; i yhe It t ' W h high
ser O A R o o T Y BT o r rade e auot e e Dl
sensgdiiom, tyt heost tacaliigedf strevm¢er calsi eexplbained| yoelow, the
ctseth I 0 j 0 L tr

ser e 35, "Fh8 Bifret o By RBRIEaRLY) [ BE0EFecs, e plate

frommhéghal boczl ez¢dd fmesde gmposedonsy stthey epindle in use.
Sil.i . carbide ron ni.tride,, bor C j de

Non-Thqfd ni ’f??’&%?%%m s, eggp&hgljr es',oerhqeu(gﬁjc%, LrBni f8e  group

consaigk ogrbiofat $ bhscoherefbiade, pbefrerr editdbde, boron carbide,
desirably, the platje is_a unitary_slab o sin .

A Lo o 49 of AL 2 o BPPEPL 8y Py Bar oy BxSphite,  and

comi (ridEibis othérkbfomrearieife ared par Mostl aidgirably, the plate

, referred. | n, so cases,, the platge i ncl.ude, a .

is EGRRHEEY TRLSROSE Ry SR Aoty rabrLe: BEFERFLPay, material.

Unitidry hellatymeer &buimesl afdomhesi Tatsnensntini @ echrien paeticularly

and cleaning of the wafer carrie s, for exangple, a .
pref&iethy of 1A FOMA E%?S?de,tiﬁlﬁiag? Ay i &chﬁgﬁ a3 coating.

The tddaPing Ratbra10delsartadlymicarfesibstehta ehat icegiperatures
is_particularly desirabl e where plate is forned from

and gchemicaly OG?gPuRIttel?&‘?ghlf‘heu%?)slarnéiarrfziﬁan&&ﬂns? eampe water

carsikf ag€s 84r example, a coating of a metal carbide, oxide or
nitride such as titanium carbide or tantalum carbide. Such a
coating is particularly desirable where plate is formed from
graphite.

[0028] Although the upstream and downstream surfaces 34
and 36 are depicted as completely planar surfaces apart from
the pockets 38 in upstream surface 34, this is not essential.
The thickness of plate 32 can vary over a wide range. However,
in one example, plate 32 has an outside diameter of about 300
mm and is about 8 mm thick.

[0029] Plate 32 has a central region 44 encompassing
central axis 42 and a peripheral region surrounding the central

region 44. Although the border of central region 44 is
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and 36 are depicted as conpletely planar surfaces
apart fromthe pockets 38 in upstreamsurface 34, this

w0 20000t57¢5senti al . The thickness of plate 32 cheT/Us2098/013295
over a w de range. However, in one exanple, plate 32

cen el iR i’ LTBHE' o B0 1 2R PSP ERaRRO8! rposes,

the:ﬁen cmapasl&ttn ®ecent viabibXes béandadya mﬁ:cwﬁter gher egh@ral region
roundi ng. the central region 44 . Al thou

and pige, DOF LEBRERY FRULOR. 49 [DGoplBEEd | SHGPGREH | foptures or

pocket £33 3ater dikpelsed i ien PWHROSESeripRELaliBy rR@tioke of the
a visible boundar¥1 bet ween the central region and the

plagRripner BlaFggPsnhath@ e Rh R Rig?f egkhPBE1gE through the

platOCkebh IPstrRail SPPSLscé N34 heopdwlttirdant €8uPPa8E 36 in the
the plate 32. Plate 32 has a central_bore 46 extending

cenrabughedhelpl §Pe fHHdvh ufdta e FRREFI hcebyet pencompasses  the
axiglamstream surface 36 in the central region so that

the central bore enconpasses the axis 42. [00301: Hub
[003Q) nost  Hrbf 4Palmiash quf@ﬁ%v@lbly ast ggmayakly hettached to the

centtEM " 2bgh hglbqfe‘l? eééaltét ! Hab 4D | Qﬁhﬁgﬁésanan upstream hub

upstrea nt 48 aV| ng a generally cylindrtcal '
elemrnt i 4h hevéingedr i geneveddly beoykindrcapl gy Bomngeceived in

cent%!b ByLo9, fé?”%lgg?‘”?ﬁ' YLAY aaaggl ‘B]Bv‘lf hd P& flange 50

sreamsur ace 34 eimTe ate
oveslyimgindi ngorheonenf althborlepsu:—neamo smnﬁatree 3fclofdeshe plate

1mme6}izr§t¥@f}? ?un}p%ﬁ?ngkﬁ n‘:hgzngg}/ﬁ: 4,4 %%Q%lr al | yé{uﬁs 4n0 i further

i ndr I'0n ext én g In o central bor
1nchai/emg a f Idages tzeanhi chubveelllee\sna B tiloavihgt he generally
32 Wit hi

str am syt face he central. .
ey RS STERRE pRo B el S e anh B9%RcdE e naving
flalﬁgegﬁm wheananoerflieswia portcieot raf bthe edéGnsEaeam surface 36
t he Qqut Si di ame of the_ hub_el nts
of B 43 LT | Hhsts PRy e HEAD™A0% cFDRe Blabg:  Hub
elenmdithes)s OanaOSSW&hé.‘@é whaglidre | 63edeadiceneiat within central

central bore 46. Hub elenents 48 and 52 .are held
borq cifet her B0 JPEREDE Ganr HEBnoCHRBLAE: 6 ety Of the hub

elerﬁé&@‘tlﬂs aS(é}S&iﬁtWS fm.@omOftMé’ll Gl fides ONendys \Besi léll:ﬁ)utﬂ 25 microns
paced around central axis,k 42, Thus, flang

(. 00530 ]a%‘ah%ﬁ) a?E £8r SRy S ddEl Yire hllf‘ﬁédﬁpgf"?‘glgr’ﬁegn(?f central
bord st r aamp Sl baedt s34 8angnd659f gileat ReBd. tURtHEY and urged

towqd-g% g,%i%ssgggtggrf Oé;'e qfafsrt%rl!l]erzrrgt eétllgll'ls a?st hgrcrew%n 5t6he of which
only one is visible in FIG. 4, spaced around central axis 42.
Thus, flanges 50 and 54 are forcibly engaged with the upstream
and downstream surfaces 34 and 36 of plate 32. The hub
elements may be formed from materials other than the materials
of the plate. Hub elements 50 and 52 desirably are formed from
metals which can survive the temperatures to be encountered in
service and which will not corrode or contaminate the interior
of the reaction chamber during use. For example, the hub
elements may be formed from metals selected from the group
consisting of molybdenum, tungsten, and rhenium, combinations
of these metals and alloys of these metals. In other
embodiments, the hub elements may be formed from the same

materials as the plate.
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of the plate. Hub elenents 50 and 52 desirably are
formed fromnetals which can survive the tenperatures

wo o00be7Emtount ered in service and which will nPET/US2008/013295
corrode or contaminate the interior of the reaction

nmber guring use. . For exanple, the huh ele ts .
[oo%gafornegu%réﬁ nél’lﬁlt €&el é&@& oma[nhelé’ls&fge%s %ining a
tapensadsi sholg owithl yhdenwper urgsd enfa@igr héni ukhe downstream

conpi nat,i ons of tgggg%qmat als and all oys of these

dirqehign ~ (teWaIgert el s Of hERR U YERsht {0 Ge ¢) . the

hold ohgeingr am tiie sier maighkaks amildie @et€asf83prddiessively
40 further inclJudes an insert 58 defining a tapered

in tRe cURBEReER SIdeEnPR aci AGSPRtt RE dRmsiaklam 1s formed from

a mdktdLLdl ophiéRVWahd Wit HRAEHRN e tHEmPs A BBesNatk@intd during
, the hole having an interior dianeter which

)I .
Servii§ eabes phdgtesk¥ vEPTEWRAthSQUPRF e hRPHI rtdq i BAterials used

to f#AERIEn&8hdBSkaRkhtisS 4f0TiRH §2 0M PofBEREMBLeWNiGRert 58 may
can withstand the tenperatures attained during

be ferviece, fral \FFRPNI & soneiRge Eofler ifharetatned within hub
eledBHES | A4 Sadg et Byf QM i HUL-&! LIRIL S A8 8NE25¢ni BN in turn
. exanple, insert 58 may be forned from graphite. Insert
is 6gsteneet dimedhi tdevnptbeanedih sedgmgny 52 Yy agne or more
scr.vf?.ert retainer plate 62 which in turn is fastened to
t he downstream hub el enent 52 by one or nore screws .
[00321032] | Bnt Hhepepatiard,vedepdepbrdt iposi posht depi cleplicted in
{ n FI angd 4 fer. ryd ek .30 | nf ed
FIG'és’piir:d edlé.’ %%%endT’%tf% \r%s%etcrgp%dr eélse%é3 %g andgt ﬁ%sqndle 16.
Spindiperksl érs | | r axgpemsll wWdrd r6€ he draperddisholtapyes end is
the insert.. In_{he rticul ren‘g;cbdi nt_.illustrat.ed, _
TeCeq ‘}eaeclll n%ﬁ& ed aﬁfd?e égap%%%ére(?léan 66g]|?'s % e'Fglﬁltqsyelite'ss in’ the
partimrnidie embbddednanglicl nistwpesdd hthe 6Grnaluded angle of

insert that the. spjndl e engages insert 58 only.at
capq il el LRk SLhIBRIY orl STIE SR BB RRLPALHS apale of
tapstedhthodlecdoanea fthe arimbuwkt apecedthad Gbheeapi¥le engages
. dovvnstreaP or op%ed end of hole 60 . In thg %,lerative
insgfsitd oY h@tddwhst PESAPES: (HRE 551 CPfal € spindle and
thereonis oat 1B thedlddthet€NENL S a2dudld tdipdeatrténd 66 near the
chanber. Because the hub 40, an garti cul ar

d ly the ,
dOWRRFHRAT et huBPENEHent Y 9 di P only J\%t hFRet heperative
posiagidd Al thegiduwrdt #éem Plsar®add, 3lheoflowngitcean sebhoeénts the

heat3i6n<_:? f epllez?nteentss2 2\% t hciafn tthhee perreiapchteiroarll rceh(‘:’zimol;]er. Because the
hub 40, and particularly the downstream hub element 54 is
disposed only within the central region of the plate 32, the
downstream surface 36 of plate 32 within the peripheral region
is not covered by the hub. Thus, as seen in FIG. 4, the
downstream surface 36 plate in the peripheral region directly
confronts the heating elements 22, with no solid structures
intervening between the downstream surface 36 of the plate
peripheral region and the heating elements 22. Thus, there is
a direct path for radiant heat transfer from the heating
elements to the peripheral region of the plate. This promotes
efficient heat transfer between heating elements 22 and

plate 32. Stated another way, the hub 40 does not extend

between the heating elements and the downstream surface of the
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is not covered by the hub. Thus, as seen in FIG 4 ,
t he downstream surface 36 plate in the peripheral
wo egbors7di rectly confronts the heating el enent BCRRS2008/013295
with no solid structures i nterveni ng between the
downstr amsurfae of the plate.peyi
i A

h .
plat%dlphe %atpeﬁtd.p t £€930 huasnd o erag %tnfere with

r
heaqoattﬂfartmtter aﬂremt theahean:almgf el ereartd heo hielad | pgate Use of a

ts t | f t.h
hUbgt neé et?? ‘E‘an ga Erang Ie?ﬁ?g‘t\/\'fe%% ﬁLﬁ{:?nBO Yoindle 16.

Thusg| egentiseg? @@l ghe 1812;. 3 At ethed@Ot HEE Whysidl hubiterfaces
40 does not _extend bet e heati nﬂ?el enments and

en th
betwaen 4 t PdahSsurfacé™ F%Epl%‘tﬂé it eRenber i pherapd 52, an

additedmds andedFaTeNobetRbenl aftee Wnulp hedéméhaBsffidf ieMert 58,
the heating elenents to the plate. Use of a hub, tends

and { Y@t afd HERFCRPENSAGE ARG hedBFUPENL o S ndi BSTEL 58 and

spln-E'ﬁl.l{aS 184S bast sFenhdsdEl Encdrrathsr aale W Sshéslirable effect
i nterfaces between the El ate 32 and the hub el enents

f mguging hiean wameferRafrPit EReapdakét WeethenSMHKile .

enent n n t3 5 d a h n fa
[°°3?e]tmeenﬁ%fe‘q?ﬁs§ﬁ 58§%§8 gisge J&&ﬂ sg N ts%rlelgfe:eplate of a

non-matéa¥lices nefiraatnresiateyialef ﬁé@i’l otisre%ml:i%nhé%ﬁrblde or
othé(# o so%r%éi){’nat ﬂgvﬁhﬁt € ph ht hec%% o %Qgég’l:lyﬂﬁyusf)rovn.des

te suc soI [
sigmidri-gasntal Iadyarettam ory r‘ﬁteerlsaillsbctpl@:ey ltegwls to promote

tempe ag'llﬂtel v\ PQEQ%J. erlgl B0 %ﬁ' %ﬂ gl t SE%' hé)late can be

con y prOVI és significa nt ages.
fabrsigldttedl wieht encseltlo- cmrmmhletérrperaaqee merplerlogy. AAlso, a

solis’d)I IJ(.jl Sc':I | c[gﬁgggr gl g)a aQ: at h&ﬂogglgA? 'dcaga“arg %ﬁ‘édgugj ected to

-con sur fface nDrp
cleam:lngm@metsstes plsatod | asduweabl eetamhngm tb:e &ldn}osm ethaterials

depdihind an BoSEREE BNEtRY SR ah i ting, TR nub may pe
detameSrﬁﬂ thee ﬂﬂlﬁi)taaprlierdatcachﬂpl feam tdﬂbe@n‘tiang processes.

priar ny such cl eani.n rocesses pi
ryp i o5 AP AR Hiner DOl B For i 7Y & oG5 Y hgpFEiers, S0
thatsOm@mMeAl RBfear rcargiake axae! ablei falblér epsy ngreafteisy wafers

whi |l e others are bei ng cl eaned. pendi_n Process
whil&ndPERBRS, (3R cl BRANAg can bOWEHLy on  process
concﬂftiﬁn@achh'ésecpéaﬁhﬁgm@fﬁfcé‘s’ﬁftzﬁh ttsetpeatfo&rrt@a c@fter each

of wafers, or can be perforned |ess quentl%f
use 2% cbhe| WafPRg CHHESH at? HeS2be r?é‘st'Sgh‘d? ?ﬁsthSr can be
perfiediUPe 95 Prehuanetiher 9i1¥d,arafidy t@leaning, the plate may
be reassembled with the same hub or with another similar hub to
provide a renewed wafer carrier.
[0034] The hub provides a secure mounting for the plate on
the spindle of the reaction chamber. Because the spindle does
not directly engage the plate, the spindle does not tend to
crack the plate during use. This can be significant when using
a plate formed from a brittle material, such as solid silicon
carbide. Heretofore it was not feasible to construct rotating
wafer carrier plates from solid silicon carbide because the
spindle would tend to cause the plate to crack during use.
This tendency to crack would be exacerbated by a tapered

spindle, which increases significantly the localized stresses

-12-



provi de a renewed wafer carrier. [0034] The hub
provi des a secure nounting for the plate on the
wa@pimare4pf the reacti on chanber. Because the B@i/n8t0e8/013295
does not directly engage the plate, the spindle does
t end o cr ck the plate dyring use. .This can_be
”“P%Steg‘?n??cﬁ ustHY Bt at °W8§ﬁ§d RS EDr Pt fehuP, such
as IHisylicded SLiQh aﬂuesolgixtésﬁ'rld C appadrdatdeon Hersdtldwy e fidr wafer
was feasible to constru r ot tln waf er, carrie .

carnicy GR1atEh EOFMES TTDFEL b Be bECT A TGS APg used in
rotiNg deskl teaceuse whehplake keskr agk ddina tiJjS&:he plates.

This tendency to crack woul d be exacerbate

[0035her ed'RDi A BLIFREN |m%a§&t%’@fﬁfl%nﬂr§€t¥e 58 assures

thadOEHE'%%iﬂﬁﬂ@séﬁﬁdﬂéﬁﬁéaeﬂléﬂedﬁgﬁﬂeﬁaﬁilﬁf not be damaged
However, the use of hub, such as disclosed in_the

wheny ghenwagesl | GRET LRE ar5| ergxand Witk &&erispipliges Although

insdQ el fn{%}n Sdshsi leap Gardd de-dir e disqthd Nof the wafer
rotating sk reactors wth |less ri'sk of damage to the

carmjie esthe 0D3sRriThes r epnt beekrpadafly memevies agid inerekaced.

003} A5SUWiGRe AL Le saRiade Bla ! BEnbIAGkIOR G DERe | features

I not & danmge en t waf er carrier 1s engag

disangded habzqmmdmey Abehozrghl oyea@r t ngyebamp&e,maﬁ seen in
Wit h rergd ed rt

FIGcégn’be rgaé ey%@ﬁggegggngaﬁfé acéﬁtgégﬁsg? *ﬁ%@r&ﬂ%§ central

boreun4&umbnshenplau&bmmﬁ|hanpnﬁvIdEdf@nthrespdﬂygosaédexterior

bov y be enpl.oyed. For. exa en.in
Surfa%e Welsé)ne?ﬁ Xﬂ'dgxtléng%tél\nv?;?’n%tahreg centl‘l %r%nces 155
betvomgre the ofiub heelpimﬁrﬂ: rrayxdbetlme owideichae t bfa geadtygamhalbore 146
erior rface 153 so a

t rovide relative | afge .
exc%ﬁ%ar%ﬁce F55 B tR th el &fentd zﬁé}trﬁi%ﬂ?? ce  This
arraﬁgéiﬁmf al fapt Re146 rexiuesis atcdﬂtmc‘mi\fker sheétt heransfer from

onal i S arr furt reduce
pla (EocTheatu s lemett  BhP okt ndg High as fluced
or sﬁﬂ;} 5153 e§l haty phapred U msotidd eﬂ Qﬁ.mimlalrneéductlon in
apes may e used to provide a sim/lar reduction

onqHetes | e hehkF 2Rt er LK e, thReSYE ?SEEsoéf%langes >0

and fd@ngesgo0aandihit Rife 4n) MHtdrtr@itA eort aslirfhéds of the
the surfaces, of the plate may be ridged or fluted _so

platg 1aYr SGudelAIRAUREi Fe e 39 afSf &P e fRRductive heat
trafd &£ apscbenhubnhand lréttt% r eguse @Qé‘duﬁﬁbVeahﬁat thus reduce

transfer to the spind EOOB? It is not essential to
congiefvi iR fae%"enwansSsretPn bgespindle.
[0037] It is not essential to provide a central bore in the

plate. Thus, as shown in FIG. 6, a plate 232 is provided with
a set of small bores 233 extending between its upstream and
downstream surfaces in the central region. An upstream hub
element 248 and downstream hub element 252 are provided on the
upstream and downstream surfaces of plate 232 and connected to
one another by bolts 256 extending through holes 233. In this
arrangement as well, the hub is removably attached to the
plate. As used in this disclosure with reference to a plate
and hub, the term "removably attached" means that the hub can
be removed from the plate without damaging the plate and
without damaging the major structural elements of the hub.

Removable attachments other than bolted attachments can be
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plate. Thus, as shown in FIG 6 , a plate 232 is

provided with a set of small bores 233 extending
wheiwnoesiT4i t s upstream and downstream surfaces POT/URM08/013295

central region. An upstream hub el enent 248 and

owngtream_huh el enent 252 a provided on the . .
use‘frpst REm=ARTE &miﬁ%aﬁ?@ﬁ?@&i& ag;éarﬁ?’é'leéﬂis;ﬁa%nandude pins,
wedgEEinecd Bibé 0 ope atbidrer MycHxical56f@xtenihgg arrangements.

th h hol 233 . .| t hi t [, t
Alsqu,the MR 3Pt PEEHEE™ o 19 ePPamid AEPREPiTfle may not

incdipcralies Ca OﬁblF@rWHt i itefieience discuddad eapsdehbicht keference
term "renpyably attached” neans that _the hub c

b
to Fifovid fridthelBl 5PE FIRAHRTSTHNeST n§1lhe opl dhe s has an

insedt 38 @asRgiaNdsébeoinjMcsdddist that IR sm@tih§epins 266
hub. Renovabl e attachments ot her than bolted

on ghe aeRReRS EBF pERATHILE FHP6 exarfdlie, OFR8Y &¥ReapPE mechanical

conrldAHBE t BN | 866 UHBLPAAS, tWRIEBI ndllel RaPHeDtdMi1loyed.
nechani cal fastening arrangenents. Al so, the

[0038dnnect¥mnthet viered Heemb ddsgusiseds prl@ve Foreference to
FrGd NGOrPor ghe %Fé%@fé%q B%OL 'Sé‘ﬂelﬁ'éngh%%%ss&d ﬂevefm% |h grofile.

reference to ' , I'n the enbodi nent of
Howeves;, t A8 MR#rmadnarFIGiscdt 2HE wpstreamt hyo rekement 248 may

t g i [ i f (AT P
navd R aGURIERIBE, 36 RPN 0 1115, 9B, e viciniey
of the kebtaad tdreispl4l e Ghebe shapeyesio [O3Blitate hgas flow

may ?oné?log%%% nt ghf);c léi%%ng)bl%bovaes \r%ﬁcﬂgg e:{r?rlgf&? Lo EE?(?FFPIG“. element

upstream €l ene a low "flat
348 Homgvemclagiesean ¢ondd¥® 6hapeke prsimeter hsurdagreend68 which

248 .may have, a_doned_s e o.facilitat as .
appﬁc?ao%(?% FheSI\}?EPniEJyp oﬁ%ﬁweggeﬁjﬁf%l Y %&gjefi‘g 8&gher Perimeter
surfdwpeseso dasitrabaye as af | suwrfage beofisedvokation about axis

exanpl e, as_.shown in Fl 7 .. .upstyeam el enent, 348
342 ncgg‘&zl & cFhReadn %egebgr itr%e{)eﬂ%ﬁr?gcer%tl\%? crnges from
the appicdaidias alistedtpidon p B7beat nddi mpttedcamlendy the upstream

Perinmeter surface 368 desirahly i surface of
Surfake| dehoPhboHE MRLeSa5Ar AR 330ed FEFY niyPt nhe tlow
disddroalitpacéregreasest f rieme t heenter desi dilectdowating wafer

be redirected al ong the upstream surface 334 of_the

carigfier33Qrri P PP af&SPrEm YRRV TF JRoRLFRHENEY 448 may

incXi®at @d abniBe CeRaBEdOfpdPEmeéAt iNg-fder 4&®,Ii 8uch as the
330._ I n anot her. exanpl e, the upstream el enent 448 ma

gengyrtlile RACHNPIR ShapRAPBer et eFPSur PEIE WEET suEHrgé‘ce 468 .
ilhgsggrag@é@rahl Yei@r aBol i coghapee Olacisheadel +aBL¢r iSUrdBS® in the

form of a surface of revolution about the central axis.

[0039] As the wafer carrier is ©rotating rapidly, the
upstream surface of the wafer carrier is moving rapidly. The
rapid motion of the wafer carrier entrains the gases into
rotational motion around central axis 342, and radial flow away
from axis 342, and causes the gases to flow outwardly across
the upstream surface of the wafer carrier within a boundary
layer. Of course, in actual practice, there is a gradual
transition between the generally downstream flow regime denoted
by the arrow D and the flow in the boundary layer. However,
the boundary layer can be regarded as the region in which the

gases flow substantially parallel to the upstream surface of
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illustrated in FIG 8 . Surface 468 desirably is also
in the formof a surface of revol ution about the
wa@eownad74axi s. [0039] As the wafer carrier i s POL/EB2008013295
rapidly, the upstream surface of the wafer carrier is
novi.ng rapidly. The rapid notion,of the wafer cary.ier
the e\”ﬁi%ggnsc he'Ghses Pﬂ'agrr orER T ORA %?]faoth“résofr? ditions, the
thickerissl ofixtRe3bdurataty athpér f Lewabmt fX oomaprs 842, In some
d causes th ases to flow outwardly ross the
embo St Ot 1 S8 oPTERENkar LRVELFIPE: W Ry digioht H of the
ups threland aé]lzthéilder-maq BOUERdY Uet acmﬁﬁl tMeaclbcinlCmdai‘?eﬂ.&yer. In
is a _gradual transition between_ the genera
othego GQILMHFDw FBEi B t%@%ytbﬁeugﬁtaiﬁ%‘ AMPLIFRE may be

tallldrOWHah tdie sineddyy | Bygsr . However, the boundary
| ayer can be regarded as the region in which the gases

[0040Jow substanPaidlteenative EgPOE AT eQRFsIRY abEth ©Of the
hub Ofd NG ST K&Y T 8ErebRUGT YRR ‘Hﬁﬂ7ﬂé$ﬁhdle_ without an
. conditions, the thickness of thé boundary 1ayer is |
integyaning cimeerso. |1 syRt enssdiareneBbedlnfBtpr &epninsert may
Vent g, | H of phpe 198M £LERPE ngR Per1c. 9,
ser\)seﬂo%]elfﬁt%ha%&}t?hggggghgary Fggere. I (;%?'her en‘pod?ggnts,
platiehe 984 ghhasi ot t hentpsir edore errdfi reytereding| ekhrough the
t u y 40, nean [ye
Platd 807 rerih - BReckeal! sl ot 0 o8l R RIRg Y Sourface 536
Inseditr e67Ry Bagageceheedpiwidtlimi thhmut bamre nbdbveni s shown in

insert,.Ln ot odj i ns By .SElve ;
FIG'asqsot’hetHSb ie/ﬁ%eerrgﬁt .élg)r %ggan%rggr}ee%irfngql&r résc%l , portion
receilvatd®e H82cdmisral cbareab4bood PG textsa@Rli ngIndevugh78halso: has
late from upstream surf 4 S a
2 riyfed 358, AN E5G ROVESE Ol AR ERUETRERoRL tne place
532 Sifinedbasddbyn surrda@dilyy the cesenrtalS5Aoiwmss5a6. The insert

572 038 P ol atiphl, Pide g akBo WE Sfidngusasht oroer to

creatiigagi sgctibe donnstream bethees e ainddwet pbazeabd2the plate
i mredi ately surroundi ng the central bore 546 he .
532 nseFPrSﬁ%i’@p Pef e&&%l f‘b‘?%&‘gef i‘flar'?ﬁtoe]f heOfoo;E@eS4énsert 572
(apdrt OF£6h tReCHAANyed SROHIGe CONNGRLLYN leaig@enchde the inside
. insert 572 and the plate 532. For exanpl % t he outfi de n
diamftatet 8F ofeRhEalnde 572 6(apaltls (in t 0% | §13TP L fay O the

ordd¥e &fighthyukangeh td@r tBent Makderdilameiedr. of Igesheakxample,
bore 546 such as, for example, on the order o

A [ a ,
the tiRsRwEndt 12 oFaY PENLAREEERT drg& the ke eX4fipPk, heating the
plate 532, for example to 300°C, to expand the plate 532,

including the bore 546. The insert 572 may be formed from
materials other than the materials of the plate 532.
Desirably, the insert 572 is formed from materials which can
survive the temperatures to be encountered in service and which
will not corrode or contaminate the interior of the reaction
chamber during use. It is preferred that the insert 572 has a
thermal expansion coefficient which is equal to or greater than
that of the plate 532, so that the insert 572 may continue to
remain secured within the bore 546, even at elevated
temperatures. The insert 572 is also preferably relatively
soft so that the spindle of the reaction chamber will not be

damaged when the wafer carrier is engaged with the spindle. 1In
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the insert 572 may be inserted into the bore 546 by

heating the plate 532, for exanple to 3000C, to
wexpands7ehe plate 532, including the bore 546. PATes2008/013295

insert 572 may be forned frommaterials other than the

materials of . the plate 2. Desirabl the insert 572
o O tpnrad ErrIaR o) Lo6 SRSERR sh73i vBaydse | ffned from
gragifier at urgstheuh emrteuntieislt s Ber v abdcvhiechworn with
will_not corrode or con am nate the ig&giqr of the
[

repqarRd i FFhafoertMur i SFse CARELEE pr rédS9%R e can be

readilSertemovedasnd@ téprgekdexpansi on coefficient which
is equal to or greater_ than that of the plate 53

2, SO
[0041dat tHe FABeS745Maympecdmainfied chaegnassttid planar top

portddi §76 NGiRAr § SPangyen7at Lah@Ualay (KPP NgeEhe upstream
The insert 572 is also preferably relatively soft so )
surfigpg tht spPhdl shef tHatead3dn Hhanblee wWwEPipst Hemediately
x‘iﬂﬂ?&éﬁ?g"‘"ﬁ{ét r Il kg kS engaged bt hgthe jnciua
Surspl ndl €. Ina p?gp\gﬁagd g%‘%%difr’r%gt, tﬁg&i ngg?t %gg rr%ar;/c ndes @
portjeort oSM8d Prorrydaphi tdownvahndlgh fixmm i fdher t tep2 prytion 576.
r n_w t 0 f ard4er, :
BTt P87 b AT TesbPEqts BErElWdEl, Like che
ins€104972 A the Totmeydbegi portden F6A8 nof atbel iakmp| ah4r is also

eret PR 28e8 TR i LAISBCRLT BRI o BYET e rany

protegiontheneths¢e et y suremiaidi igonheawrdeal wiche 46, corrosive
The.ca 74, i n d a Lon 57 udi
gasecﬁomwaggl féf r%%#h%ﬁ}eopg%%rgk?fgﬁ 5‘3'53{%)15“ 0%978 SeP 574 also

prefecsbedewenki rowenspale bof ethd6 dilsdupttimn i beerthd78as flows

th r ot_r udi.n ortion.578 of the cap,.574 is also
caugd BV abPY Jrase PRE (KBS oy cuBabreqNe ulfibn 53¢ For
examhﬁilabhé paet ectss hég haser anmaipaytirdan ronr fackaaks discussed
with, the cqrrosive gas injected ipto.the._reaction .
Aot hER. YRS e S 10 aF L6t - di-abl PEBIEAE Ya; Wiocap 574 is
formd® fishuphiteriladd héhpels Ehawsueaived dhe tbemperatb#és to be
t hrough_t he upstream surface 534. Eor e l e, .the cap
encant hav® anSEh¥tFEam3f f a¥Big8 dittssedOfpovgerrode or
contéhiind©s ergrcei heeFi 68 & 8rthbesidadd yont kPa@dRed57dukrsng use.
formed frommaterials which can survive the
In @enpErLEEFES  BMBRAANERtnt FBE iFPRePVi%ce™aNd RAi chormed from
sildh Atnc@erode or contaminate the interior of the
reacti on chanmber during use. In a preferred

[0042hodi nERt andtdetpadterpdriye feorhediness the cap and the

insert may be secured to one another. For example, referring

to FIGS. 11 and 12, the generally cylindrical portion of insert
672 may have a threaded portion 680 thereon which is configured
to threadedly engage a threaded portion 682 on the protruding
portion 678 of cap 674. The protruding portion 678 of cap 674
has an open interior portion 684, which is configured to
receive a portion of insert 672 therein. The insert 672 may
thus be secured to the wafer carrier plate by inserting the
insert 672 into the central bore from the downstream side and
inserting the cap 674 into the bore from the upstream side,
whereupon the insert 672 and cap 674 are threadedly engaged
with one another. By progressively threading the cap 674 onto

the insert 672, the insert 672 will be further received within
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silicon carbide. [0042] In another alternative
enbodi nent, the cap and the insert may be secured to
W@mmuher For exanple, referring to FIGS. RAT/@RZH08/013295
the generally cylindrical portion of insert 672
ave a threaded .portion 680 theregn i.ch is. .

the a#%rrr GiRariOF T ROELIER P arE ecab: i daddliisdte b By, will
cause) ile plrahgediety POft the GHbaft cap26té. afproach the flange

protrudi ng portion 678 of c an open |nter|o

677 ok t FBR Mt ch |§°’EB11‘F‘1‘§§ré'g‘rF€‘ i%e 5B ﬁorctaﬂ!?bn674 onto

the 01nga§ertsﬁz72wt1l1qr etfusdhand1SENtngés my; thHg b7 to become
secured to the wafer carrier plate by inserting the

forqikdat t eBg29eft ¢t EBRt URSHIGAM { RBRh IRV HIRAT egHr faces of

the Sk&dfepNdarRsent idihide €AAs6 &bdutihd NEndoraskir@mMdNe and cap
upstream si de, mhereupon the insert 672 and cap. 6

74
674 Hie e cuRiERY yCRAEAGE] PARTE -ondha¥R RS, pyn this embodiment,
theF¥ﬂ§5§§5éﬂﬁlXthH¥EHerEhSeCBEe§§4f¥ﬂ(hﬁ€53tﬁ@eééntral bore

e insert 672 wl be further received wthinthe
of &pen waferi wapoier oPkAte he cEprEhermamiesh, the t¢ap, and the

I S I erd. 6 t
inadfy | SEHSFE 5L RN Lbeukagorio Ot Brorper . oxnex

forntshr@édsaguvﬁnghetr@pc@mt@ntt@et hensexker nagz7renigmployed.  For
exa dﬁg EhgngﬁﬁiGEns@Pg ﬁgg 1 DSGPOEST RCIRlYY another in a
gage Wi t an

t he upstream ownstream surfaces o
mannee mfneﬂaaartoertlmtatellmﬂrsrast@xilrlmg FR€.i fsert ®%2 such an

embiheih, Mlalf BBEUhEY SA v A Sun TOELALEM Ene Bnsert or

eﬂbo I nent need
the f chpi o bbehc;enandl Hadlrtes ofnayheex\r;\énd ctarrrq@h pth&e bores to

com LB Sy D80 0 IR E0THhcDR, e o i

eitisacutheg ilheetap do the msprtmar;ay 1Inelem1pl oyhdeaﬁsr which are

xanpl e, the cap a i nsert e boIt 0 e
con PR ¢4 "85 APPSR PR 0k By 008, , 7o anoter
altdhfat Hre, | theubblas enbpodereehd stmalcdugboriestiayolponents, and
the insert or

rOV|ded in eithe he cap t h
nucgies Ry PERVGAFA HIOUGh ThE bOPRE S LR Crfgaded ends of
thelg&gﬂg and cap together. For exanple, the bores in
either the insert_ or the c may inclu threads
[0043k conf?ghitkdat FWEHdRe ?'Hgﬁgaéefﬂ:ow g’@d V\Qore in the
pla@@lhée&'hé@obﬁﬁkdatﬁlﬂawﬁéfwh?edﬁ¥ddgmﬁlh@ﬂﬁ@ﬂer carrier
t hrough both conponents, and nuts nmay _be grOV|ded

platghi BFomr Bhei 51@?&9?@&%%%5&&%&0% thReaBoFpgtace. For

example, as shown in FIG. 13, central bore 746 extends into
plate 732 from downstream surface 736 towards upstream surface
734, leaving a central portion 786 of the plate 732 overlying
the bore 746 along the upstream surface 734. As described
above with respect to the embodiment illustrated in FIGS. 9 and
10, the insert 772 of this embodiment may be press fit into the
bore 746. No cap is needed in this embodiment, as the central
portion 786 overlying the bore 746 preferably protects the
insert material from contact with the corrosive gases injected
into the reaction chamber. The c¢entral portion 786 also
provides a continuous upstream surface 734 of the plate 732,
which preferably minimizes disruption to the gas flows over the

surface 734.
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[0043] In yet a further enbodi nent, the central bore

in the plate need not extend all the way through the
wowrdoen7arri er plate fromthe upstream surfacePtDUs1068/013295

downstream surface . For exanple, as shown in FIG 13,

(0044 uns  ASrTSRIR aEL P36 1 ohilr e tptEPER L S ing 3 tapered

holel ea¥tRg ancespéenl @mtlmﬁ&ﬁ df t hrepl db@néB2eam direction,

simida 020 | pbBeab QP IR CapaL GEE PBhE et mihe -+ In

conjlirldtsidrat ed i Bieh @ ar@dplled henisesas,t &/2spfindles with a
enbodi mrent may be press fit into the bore 746 l\aag 1 £
tapqr@%@éaﬂedn% IP?ll’éséﬁ’bodllﬁeﬁF‘e SXAR Cerlt e 1BoFEAGH angle o

the /85o0¥&4| ¥ind0 dhecher espifan e&&zahﬂey PLO§RELS tR&s than the
insert material fromcontact with the corrosive gase

incliydesttarglat 6Lt e aele oANc Hhifoelnsahe: c &/t 1AL the spindle

eng a?@g' PRe/8MndtsP RIPM dae 2 kONldxiuife URPte¥@m end of the
rface 734 of the pllate 732, which preferably

spindle randssdi shapt itdieds %%eagﬁélﬂhéwéﬂ&?é—‘lart% £if f ageund the
taper¥h [é}%grl%’af'héhg nBLESnedrl tnd %Wﬁbg@féaﬂaéﬁrdéﬁéﬁﬁd end of

a tapere an open end facing in
the dbodet r eam diFuwcthermoxe i la@y t oft rrél%n‘@@&?%ﬂents disclosed

abovd lnw ﬂ&g 5.{1 ﬂlge é Q%H{Jr@ltén%htw thSHEEci"lbed above,

tapere nser ndI a tapered end
havms_:eobnet nofne maa:mﬁlte/ oheshapesdsad éﬁgﬁlléld?atw@as flOW

ghered_en s hﬁﬁ
exa“}%ee’l n% Egg ang ?é‘ﬁ%lelghg? %ﬁ] QP%%)&F%‘% ?olit e may be
attadiedpiaddbe Engagealﬂ.}ye fiomgeict qmlt;heatupﬁ@r@amr eupface of the
upstream end t he _spi.ndl e sq re
hub, ' C8Ry PRaGtS £ arlggndp?%getgaplg}g% ttl% ?éﬁﬁgal axis of
rotétpxldrdl e rrear thbeedmtbehwowammterbmdami t¢emhbhations of

Fur nbod d I . .
cne BEALGLE 5uctsls Y1E AAPBELTER 4 50 8100, PHBNE departins

fronabame, predsagt oneventdomr i ehy dforsdtapiesy t debadiilpttiaire of the

é]epa}fsgﬁ% O Fo rr}ee)é’latrr:gl?%géﬁgtt %thé:ga m el WFE%%gra\écl?fg i&llustration

ratl‘fé}f n@ﬁ’ax@”byhﬁayp&tfr admidadiate off tﬂt‘e twbentapn as defined by
wafer carrier plate along the central axis of
the ka3t $Hn. A s these and other variations and

[oo#£bi nati eRsSugh the fiewtewtaordiausisethaboyeeniadeeribed with
utilized without departing fromthe present invention,

refe¥rNeQr dGoi RATASEARSt | BRPSAITRRLHy ef b} r dF ehBodPFreptiderstood
thatShoghd ke takeBabmewry Ofarédl usder@liyon illustrative of the

principles and applications of the present invention. It is
therefore to be understood that numerous modifications may be
made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit
and scope of the present invention as defined by the appended

clajms.
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rather than by way of limtation of the invention as
defined by the clains. [0045] Although the invention
wheoogiors7as been described with reference to peeT/US20S013295
enbodi nents, it is to be understood that these
CLAT odinments are nerely illustrative of the principles
d applications of the present invention. It is

therefqQre to be understpod th nunmer ous nodi fi.cations

oy be MAtRE T G TFT USOF ot GED ohBBHERENE O RTd Sm

ot her ara)angempnatemayfbea deidrsatk tsi Ihiott réfpadiony material

fromthe spirit _and sche of theﬁﬁée%%nt i nvention PS th
havigg i SRRPEYLEhE - SPPeRTe FPAHSAN . | PBWRSTIRARLf B rtaces, e
plat@dr hh¢ingoraa A FLRC H@IgieAPENE Y. deiphetal € ¥fgidbn, the

non-netallic refractory nmaterial having oppositely- ,
platey g ste ek BR4ddedn Sepearesy Adanied tHe Ppifea plurality

of WitdFY 8xpeBLEAlat eghONuPBE raaReldU I 6€0itPR, ghere in the
plate having wafer-holding features adapted to hold a
periphgral; t%ﬁg_alfOT\‘/\laf%‘P@ exposed at the upstream surface of
the pl@&ﬂ"htﬁ$bp?%&ﬁ@@“ﬁeﬁé%&é&i%aﬁgoﬁbkh% Rbate, the hub
e

~forned separately fromthe plate, the hub being _
being t athaghed the piha epilateheirerfthanl ceagrad, ¥egiapp the hub

: I 00 <& Sy ndl oy e di-t,0 :
haVlls?ﬁ/n%I g’%&?‘[aé%g\/%oﬁgggtgg%hso%a todarrté%hanigcaﬁ I ygcosr?r%engtl.e °of &
CVD theaptare swi t&ast ke Jpeglrrically gomae@t chhei @lage with the
gjmed in claim1 wherein the non-netallic refractory
erial is selected fromthe group consisting of

sid.i corh curlfiede, chvroarnias | gdaimedonimarddiaien 1 wherein the

K 1.AUM Ni_t rd .na., phi e, it _
non kR Nreesibodl Cipte 3G, a0¥E s DEARR! he  group
condlstiimeyl bfi c il hednwhendiite heboosenmendttider efbcienr garbide,

mat eri al..consi sts_essenti al | .silic bi d "
anunil otiier afiiien riefhifh 1 ‘Hlafley (Rpadnice, ana
combilraitei dorss achewréafy sl ab forned entirely fromthe

non-nmetallic refractory material. 5 . A wafer carrier

asy cl aifreqjier.Cl ahp4ephes € Ritfiéed in claim 1 wherein the

non-metallic refractory material consists essentially of

spin%i

silicon carbide.

4. A wafer carrier as claimed in claim 1 wherein the
plate is a unitary slab formed entirely from the non-metallic

refractory material.

5. A wafer carrier as claimed in c¢laim 4 wherein the

non-metallic refractory material is silicon carbide.

6. A wafer carrier as claimed in claim 1 wherein the
plate includes a coating covering the non-metallic refractory

material at least on the upstream surface of the plate.

7. A wafer carrier as claimed in claim 6 wherein the
coating is formed from a material selected from the group

consisting of titanium carbide and tantalum carbide.
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non-netallic refractory material is silicon carbide. 6

. A wafer carrier as clainmed in claim1 wherein the
w@b@b®7iTmr] udes a coating covering the non- met Ba1T/182008/013295

refractory material at |east on the upstream surface

of, t he Iatﬁ%}.j waf er. carr.ier.as clainmed. in claim

. A,

6 %er "¢ CSQFFﬁSri &5 § ont & %rgr?'a]”hereln the hub
is Sekmetiedhtf r DEnkhe i opartonSr&hi bgeofot | mamieunmaBebides other

a tantalumcarbide.8 . A wafer carri,er as.clained in
thar| Che oot Al P Pk EparEors: Rageai aope tie hAte

fromone or nore materials other than the non-netallic

ref r act@rgmicakri vhpot t ldepsisittdory .agpendtas vepuprising a
readlRAS! 400, APPALALUS EATPHSINGL A ¢ 530Hh OB BMBELs o chamber

spindl @ nount éd™w ere I on Cchaiber
for r obhat bonakbduatutanamx exiextentmii e ngeakbkplily aim an upstream

streamto downstream directio an,_inji.ector head for.
co RFHEERRRRG SRESH LT cSheatti Sk ofchetiEsY, (LiBEobEing one
or meaet ireadthanbegasand ions othavrredwaidmgckbhmbent, s and one or

surroundi ng the spindl e, the. apparatus further
more chEAtARTy LB REEC TR LAY aths PRIBAAFM i£he | ppparatus
furtisneebmprisfinghes wahfercanrirderveifgcadapedd i obati 1, the
t he waf er caréieer og the spindle wi,th th stream

conngRi L GF  RBSp| YREST adi Tt 1 el 1l PARBERG, REadiount the

wafendcitriletheroymet Epamaser futicth ofhé heppltaican aghfBace of the
toward the one or npre heati n% el enent s .

10.
platgphraing &OWard nkei Andestato RERT PR WM t e downstream

surtier ofar thel prat®UHRA Y tBRathl NEh&, Je or more heating
downstream surface of the plate in the peripheral

elemenfi®Hn of the plate directly confronts the heating
elements . 11. A nethod of processing wafers
canpr i AAppatdeust eps aflaifwed piacessany & piheseéihy ofhen the
waf er_carriers, each Jjncluyding a h and a plate
wat B SHEERST hEF bREATES (b WD ERyARRag e PRAPRSEegR Surface
of eaeh pbies darrtlee WddipheyEIndregtbna gf ockesipbate directly

aratus and rotati g t he spindle and wafer carrier
contyepts t§ %\?H"?\@tﬁ\ﬁge?g E‘Spglsed on the plate; (b)

renovi ng wafers fromeach wafer carrier after that
waller car meghdhsoffepretesetsed wafers epenaprigisgepthe steps
of : (a) and (b) with each wafer
(a) processing a plurality of wafer carriers, each
including a hub and a plate removably attached to the hub, by
engaging the hub of each wafer carrier with a spindle of a
processing apparatus and rotating the spindle and wafer carrier
while treating wafers carried on the plate;
(b) removing wafers from each wafer carrier after
that wafer carrier has been processed;
(c) repeating steps (a) and (b) with each wafer
carrier using new wafers; and
(d) renewing each wafer carrier by removing the hub
from the plate, then cleaning the plate, and then reassembling

the plate with the same or a different hub.

12. A method as claimed in claim 11 in which the step of

cleaning the plate includes etching the plate.
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carrier using new wafers; and (d) renew ng each wafer
carrier by renoving the hub fromthe plate, then
w@b@aniitg7 t he pl ate, and then reassenbl i ng theP@I/a8m®08/013295
with the same or a different hub. 12 . A nethod as
claj me m Leh.th i
e icRaanBucet iR by SR 51 sl LA step o
treafiigigredthe cwafergl \Mme:rle:idlest heestaprmoing r eat | phemheal vapor
f perform ng a chem cal vapor deposition
depo\%otglecihs Iﬂﬁé&é"&% wafer carrier for a C D reactor
conpri si ng plate of a non-netallic refractory
melter i ﬂ%ﬁ?ﬁgcéﬁﬁéﬁn digc 2a€VRg r@-,gg:tt@:arﬁqmrlmng a plate
£ 4ouBslheRm Iy antey ) hn t ERboke®eqy - £
° and a peri pheré;l reg?%ﬁgrfh 5%Ieg‘t’i\élﬂhQa}\lﬁa@ﬁ:ﬁ@ ébo ely-facing
ups tggfast - pofdidepishreans saxréptoms,t othel dolaatp# uhaviig o2 central
e expPos e a r f I 1
reg il 630 P SR lien s HERLSRN AR S niPEng, BB ernolaing
featsim c@d@psedngoemm al plusfalsity c«af] vafleirde expgdsed\ at the
.04t er .
upe I SRHEAEL G5, EhF. Phnec sl S et LB AL BEgHR° wherean
the s;plant;ldaelsf aa mthaeactsirarsocansistnngh@rsiszmidi;a]cbnneft silicon
carbhcfepl ate with the spindle . 16 . A wafer carrier as
C1dimed in claim15 wherein the spi ndl e connection is
adapted to renovably engage the spindle. 17 . A wafer
caryi erd a¥aéryi mARKrTieR eRerckadmed 1 iy ¢laim 1@, wherein the
sdhergiry skhe g " ST 2 {1 egm
wa ég'hr ecti 3% ggnv\%er ein eefs%:én %%%ggme%?l g\r%%lﬁnc ﬁ es 0o9¢ @
spinglspclét éha\ﬂ\ﬁg aehglt@rw sh @s open mechdntcagylyn edrnect the
e@]g@ n. . A wafer carrier as clained
plat%o%gjl alm dév%erééli% the upstream surface faces in an

upstream direction, and wherein the hole s, ta[ier ed .
sidr t RatWaf el afefdiedt he HAPThciBaHR 5 wherein the

spiriIRIT&@sie@ Yo Ni § hgaspetaeas ¢em8vhbay ehdagt WHeErspindle.
carr| er as clainmed in claim 14 further conprising a

f or eparately from hub .
e ndh T ehatar St A¥ ko diakd i et ehELR0E or claim
16, ha\me}ga:aw. spirrmll edeansiecsann stdﬁpaeé t baesgageéna a downstream
i ndl e of

d1re ion, and whereln the spindle connection includes a socket
having a hole with an open end facing in the downstream

direction.

18. A wafer carrier as claimed in claim 17 wherein the
upstream surface faces in an upstream direction, and wherein
the hole is tapered such that a diameter of the hole decreases

progressively in the upstream direction.

19. A wafer carrier as claimed in claim 14 further
comprising a hub formed separately from the plate, the hub
being attached to the plate in the central region, the hub
having a spindle connection adapted to engage a spindle of a
CVD reactor so as to mechanically connect the plate with the

spindle.
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CVD reactor so as to nechanically connect the plate
wWth the spindle.20. A wafer carrier as clained in
W@ b@borr97 wherein the hub is formed at | east i|iPCPHF1008/013295
froma material other than silicon carbide. 21. A
fer carrier as clained in either .claim8 or clai .
50 wheh cMATEe FRbLLSES Gt &t TP dadd | hipalt ¥F ofiperein che
hub 0A§ Ofofea et alleast?. iA Waet Chfdmea agatekig@d dther than
.. claim21 wherein said one or nore netals are sel ected
S11¥GP $FPHDup consi sting of nol ybdenum tungsten,
rheni um conbi nati ons thereof, and alloys thereof .
221 A vaf evafomr ricarmdiec| @sredlaimgdai imm2lewhbesi nclaem 8 or

c1ailfhd VHERRAET O B " SR At T sk D Pt "Erom one

or ndrsermetmieri al softer than said one or nore netals.
24. A wafer carrier as clainmed in claim?23 wherein the

i@%ﬁt ﬂHRSEE@ d&¥¥#é§sa S%ﬁ@ﬂﬁgdyiﬁfc_Bamﬂif-wﬁérein said
A wafer carrier as claimed in either claim8 or clalr_n _
one 20r Wedee netadshireoaplestsdarfiamekheagrcagst consisting of

ally L ping ol Lon. or ei
oL SRLLEL CUSLH0LE0 LR SREEIOND, cpadther SR a1iove
thexdwf i nsert being received within the opening. 26. A

wafer carrier as clained in claim25 wherein the
insert Aswaress ¢htrisio ddecPRentay - ird7c14iMafRr wherein the
carrier as clainmed in claim25, wherein the insert is .
hub f tpedades oangridpiftte. absleaskaPar dallerdesintagntge spindle
conndb S Gh M ThaNehgERt! NBe PRGN kit t #E-RENEAAl i AESH O N material
extends between the upstream and downstream surfaces.
softayx thamferidapheepraBogram@Edlisn cl ai m 28 furt her
including a cap at least partially overlying a portion

of24 he aipskream sarfdee Gfs t 8taphedie i th&imerdy avherein the
) region. 30, A wafer carrier as c¢lainmed in c¢l.aim?29
ms%‘%r‘%ﬁ“’rﬁﬂélcﬁﬁnﬁésfiﬁr REFEPEIALIY ProFT i, 31. A

wafer carrier as clainmed in claim29 wherein the cap

| Secukevafet hedmsiesr . as claimed in either claim 8 orxr

claim 20, wherein the hub comprises an insert at least
partially defining the spindle connection, and wherein the
plate includes an opening in the central region, the insert

being received within the opening.

26. A wafer carrier as claimed in claim 25 wherein the

insert is press fit into the opening.

27. A wafer carrier as claimed in claim 25, wherein the

insert is formed from graphite.

28. A wafer carrier as claimed in claim 25 wherein the
opening in the central region extends between the upstream and

downstream surfaces.

29. A wafer carrier as claimed in claim 28 further
including a cap at least partially overlying a portion of the

upstream surface of the plate in the central region.
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32. A wafer carrier as clained in claim31 wherein the
cap and the insert each include threads thereon, the
wo booeatss4nf the cap being configured to engagePChEsS2008/013295
threads of the insert. 33. A waf er carrier as cl ai ned
either claim1 or. whe ei,n the hub s .

r \/ag\ry gF?gchceacF?oe’fhgsplaae N vvaz?']errl 2grr e?reln the
capz£5(ﬂdrm5ﬁiffbmuéhbic@hacarﬁlde.cla|n119, wherein the

hub i ncl udes an upstream hub el enent, at |east a part

ofy4t he zypasr f £gat @rﬂrt%nana PPEIhOR Of i dfein the

upstream sur ace e plate in the central region
CaPzﬂﬂisﬁqumtht@aﬁmﬂubHSEEhent at least a part of the
downstream hub el enent overl yi ng a portion of the

daynst reaghgbif acdrofet hasplalLimédt ha cendiml 3r1egmarem the
so that at |east a Bart of the central region of_ the

cap @Angd ethe ENgapEdeBeEhndES Hhereeinstheafhreads of

the m&b RNt Sonft i rédmeéeéngagél ghedshiledldedf tHd aidBert .
34 vvherer n the plate has a CTentral bore extending

Doeeh, | g AP Lo A da g LSRR LA D e 1 on

claifd Qj £Ctwhé 1 Dn t tige CRUbI 85 bemevaBly Atwaktledad itdfe gslate.
clained in either claiml or claim14, wherein the

plate s spbantiglly,.ci gl é{ra-{ﬁéd Airrﬂfﬁrtﬁér“eram 1 or
for a Dreacor conpri sing )laplae avin
claiopddss,i tehgrefinacithg me r:emrlladreisdamsmsetamasrurlﬁlabeslement at

t.he plate havj ntral on a ' a .
Leadi% BAHE GEVERS BRRERChR B0\ HLAl: HPEHPIRE®S portion of
the agpgpt eeaho shalfdce mmrahetplaftevvaafrershexp@srt&aat tdgion and a

upstrea rf f thepaternthe eri.p
downglhea BRE EHETS PiBREE! b (BErhe olf A dounstrean hub
elenyrty ectreragyﬁhgmat hpoum&bheacm SuhfeaOdaowxﬁstthearpl ailﬁ?ﬁan:e of the

t he.cent.r al i on. A wafer carrier i me
platq sifi ShenSPEir oy Feghoh e ARk A% 158°E Rabpts Of the
centdasl foyidacoEi thAki pgatleeientc lagped p@émeéler thar ipeeream and

in the formof a surface of revol ution about the

downshieanm BuP sele@enhSyafer carrier as clained in claim

37 wherein the gas flow facilitating el ement has a
pes metZkr wadefraceahaveng a® gehaimetly iooncdadmpBdf i Weerein the

plat4e0 haswaé e H Y 1® b8 l &{Egdigg ¢ lbaelewe%;l V\Qﬁreel ﬁbé@leeam and
downstream surfaces in the central region, and at least one of

the hub elements projects into the central bore.

36. A wafer carrier as claimed in either «c¢laim 1 or

claim 14, wherein the plate is substantially circular.

37. A wafer carrier for a CVD reactor comprising:

(a) a plate having oppositely-facing upstream and
downstream surfaces, the plate having a central region and a
peripheral region, the plate having wafer-holding features
adapted to hold a plurality of wafers exposed at the upstream
surface of the plate in the peripheral region; and

(b) a gas flow facilitating element projecting from

the upstream surface of the plate in the central region.
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gas flow facilitating el enent has a perineter surface

having a generally convex profile. 41. A wafer carrier
wa@sooglozi7wed in claim 37 wherein the gas fl ow PCT/US2008/013295

facilitating el ement has a height of |ess than one

centinmeter. _42. Chem cal _vapar_ deposi.tion apparatu .
cafpr | & nBRESF e SRR E oL a IS il & Mot ad Wnerein the
platd tHid 4 heenesalli eixichaaier ther ghet dlicw fdollitatangselement
ext endj n% generally in angggs ream to downstream 1uti
has & RFIBREEEnSHREECE ThedhF f BPT P nPlofudiy e Bf Tevolution
abouP it d eaGidrl gases. i nto the reaction chanber, the
apparatus further conprising a wafer carrier as

clg nmed, in_¢laim37.. the_wafer [ bej adapt ;
toﬁlrmu%l Y%f?%e Csaé‘?%l 12 %Q?h&t%%%s?%ea(?ni%%?fg?e @?erem the
gas tfowl fdeildtandngowdratheriie hag eat perieeteandsuwrfdce hbaving a

as flow facilitating el ement |ying along the axis;
gene\?ﬁ?;lé’l r?%?@vaepp%]f%#hgefs configured to direct the one
or nore reaction gasses in the downstreamdirection .
t dar d & heafarercagarierer agnd-kaianedis inl ol ddei Bi7t aherein the

gas‘%f%ﬁ”%acilitating element has a perimeter surface having a

generally convex profile.

41. A wafer carrier as claimed in claim 37 wherein the
gas flow facilitating element has a height of less than one

centimeter.

42. Chemical vapor deposition apparatus comprising a
reaction chamber, a spindle mounted within the reaction chamber
for rotation about an axis extending generally in an upstream
to downstream direction, an injector head for introducing one
or more reaction gases into the reaction chamber, the apparatus
further comprising a wafer carrier as claimed in claim 37, the
wafer carrier being adapted to mount to the spindle with the
upstream surface of the plate facing toward the injector head
and with the gas flow facilitating element 1lying along the
axis; wherein the apparatus is configured to direct the one or
more reaction gasses in the downstream direction toward the

wafer carrier and the gas flow facilitating element.
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