WO 2009/075747PCT/US2008/013295 WAFER CARRIER WITH HUB CROSS-REFERENCE TO
RELATED APPLICATIONS [0001]This application is a continuation-in-part of United States Application
No. 12/001,761, filed on December 12, 2007, entitted WAFER CARRIER WITH HUB, the disclosure of
which is incorf&t 38 ¥&Ein by reference. BACKGROUND OF THE INVERFIBRBHI31 he present
invention relates to chemical vapor deposition apparatus. [0003]Certain materials such as compound
semiconductors are formed by exposing?FERrfEERBLERVATKBIedE Fhost commonly a disc-like wafer, to
gases at eleygigd temperaiires $o thajilhemnsesreachardeposit the desired material on the

surface of t orkpiece. Eor.exam numerous layers of JIl-V. semiconductors such.a Ij
nitride, indigr%gr\étlriije, galliair?)nlgr‘sae%%%?ﬁﬁj?nnpﬁgsp%ié:eo %lr:} nguaahe}:ulrr?%ﬁﬁrrﬁ m%eg a% tr?égﬁ}!(g%gn be
deposited oft@ besubApnic epfolereldaroni@ dafited Slich B51RBd&rame iafbR ord and 2007

optoelectropigtiavices SMERER CARRIER WITH HUB, the disclosure of which is
incorporated herein by reference.
BACKGROUND OF THE INVENTION
[0002] The present invention relates to chemical vapor
deposition apparatus.
[0003] Certain materials such as compound semiconductors
are formed by exposing a surface of a workpiece, most commonly
a disc-like wafer, to gases at elevated temperatures so that
the gases react and deposit the desired material on the surface
of the 'workpiece. For example, numerous layers of III-V
semiconductors such as gallium nitride, indium nitride, gallium
arsenide, indium phosphide and gallium antimonide and the like
can be depoéited onto a substrate to form electronic devices
such as diodes and transistors and optoelectronic devices such
as light-emitting diodes and semiconductor lasers. TI-VI
semiconductors can be deposited by similar processes. The
properties of the finished device are profoundly influenced by
minor variations in propérties of the various layers deposited
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,.
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~ as light-emitting diodes and semiconductor lasers.|l-VI semiconductors can be deposited by similar
processes.The properties of the finished device are profoundly influenced by minor variations in
properties of the various layers deposited during the process. Therefore, considerable effort has been
devoted in then@26698¥eopment of reactors and processing methods whRFTERIWEAISYE uniform
deposition over a large wafer surface or over the surfaces of numerous smaller wafers held in the
reactor. [00B4}Ge. fernyebrnctorewkit hdeisdseaimwitedy dorthfttrramdditre EEtherrotatiriy disc
reactor.Suchrregg i t¥pieallydneludas-a disc-kewates capipt Jherwvafes garpies hesdyacketstor other
features arrggged to sh‘(:)lde one or more \gafeﬁ]ﬁ to bxeetr%%tgg. The rrej!er, ‘\évi et]pe vc\égfre@_ é@erelog, is
placed into a reaction chamber ahd héld with the Wa?er-beairing s(g??ace of the carrier Jfacmg in an
upstream difééioim Mrdcanter & relarstr 8bicaily bt FaatioRalPSBREBEdf saVRFH hGRavePLY
revolutions aebmingtep aboybambsistextawding inthe npsteais tpdowasiseam Titectien-ati O

2009/07574CZPC11_{1%5%9£1.8£Q'138§§1‘ier helps to assure that all areas of the
exposed wafers are exposed to substantially uniform conditions
and that helps to assure uniform deposition of the desired
semiconductor material. After the wafers on a particular wafer
carrier have been treated, the wafer carrier is removed from
the reaction chamber and replaced by a new wafer carrier
bearing new wafers and the process is repeated with the new
wafer carrier.
[0005] Many rotating disc reactor designs :‘gncdrporate a
spindle with a disc-like metallic element, referred to as. a
"susceptor" permanently mounted on the spindle. The wafer
carrier to be treated is disposed on the susceptor and held by
the susceptor during the treatment process. Heating elements
such as electrical resistance elements disposed downstream of
the susceptor heat the susceptor and the wafer carrier during
the process. More recently, as discloséd in United States
Patent No. 6,685,774, the disclosure of which is incorporated
by reference herein, "susceptorless" reactors have Dbeen
developed, In a susceptorless reactor, the 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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Reactive gases are directed in the downstream direction towards the wafers on the carrier from an
injector head positioned at the upstream end of the reactor. The wafer carrier is maintained at a
desired elevated temperature, most commonly about 350C to about 1600C during this process. The
rotation of theXPAWPEAHEr helps to assure that all areas of the exposed WSEFSHE/BR%5ed to
substantially uniform conditions and that helps to assure uniform deposition of the desired
semicondudtoranuestial thkte b Esvaferran exparietiabwafaramafef Kate BRER Tieated héShafer
carrier is reraeuaeh frosutha igactian chamhaiang replaceddiyya dieyywaier cagher bedréinganed wafers
gnd the process is rgggatsed Wnllth the JDew W%fer WGardgr 003 an¥gggaglng,g@; r@%or%@s
incorporate a s%ln(?le With a 8|S)8]ﬁﬁ¥ metallic element, referred to as a "susceptor” permanently
mounted oRTRA RRsHIE T HdRafeF ESARF to bBHMREG: HRFISERERIRY sadHioratd hetfby the
susceptor duringsthe-trpatperigy ocess: tieatingpelebrenfe suekl a$ wlectnedaesslancevalbnfents

disposed doynpiream of 1he, syscepiar heat the.sugpeptor aad dhe yiafer cagignduringtha: peacess.

More recently, as disclosed in United States Patent No. 6,685,774, the disclosure of which is
incorporated By PEfRPERLe KR "REsE5OHE84 reactors have been developed. In a susceptorless
reactor, theSWABRaPEr TImotNIENGIESEtly onto the spindle of the reactor when the wafer carrier is

placed into thggegqctor chagmbes fgrdraataentnEhe svdaee ehtharvaleicardeniaeing dawnpseeam is

directly expgsed tot eg:t(ia? egrl]ggnents T'mae susce tor(lzggrsr&eearcto%ggjﬁ%ﬁgvi_q%%ﬂg@éfgcagtly

improved hedft tréhster frofm eating e éments of the Teactor to the wa rrier and significantly
improved up#Bkfity @f hett tRABERLS all bF6as ¥F Hre GlfecafiRFqHbad1A WRFEEERARTor &
susceptorlessreactor mMuse incaIporaie-featdees whichcaltowdhewiater. carriciite mptharicaligengage
the ;plndle gg/vh%nS é e i%%%gﬂ&f,' dﬁgwgakgtoa 8 TORG Hon.chamber, SEgh engagementpust be
provided Wltﬁgut amaging the spindle or the wafer carrier. WO 2009/075747PCT/US2008/013295
Moreover, FNVrafsy CBRFERRUSHE fBrrivsd Bhehiterkag Tifich refif sBBShRtiAIRFeWgiTand
rigidity at theogl@yate dfiemperaturesiepipidy ecoantbMiich dolmestrkicywil theefases eripierd in the
process. Although.satisfactanrwalgr eariers forgusceptorless reagiarsyan badarmed-kgomaterials

such as silicon carbidé-coated ceramic materjals, still furH]fsr’ improvement WOL&Jlde bei(rnlnerseirr&t])_lgh

SUMMARYI®® THE $8vERTIORF00d7TORE Hepe & Dt the mvear?% Rprovides & Wafsr cartier
desirably also includes a hub 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. The spindle connection of the hub
is preferably adapted to removably engage the spindle. The hub
may be formed at least in part from one or more materials other
than the material of the plate. For example, the hub may
include metailic 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
ingert. 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



for a CVD reactor.The wafer carrier desirably includes a plate of a non-metallic refractory material,
preferably a ceramic material such as silicon carbide. The plate has oppositely- facing upstream and
downstream surfaces, and has a central region and a peripheral region. The plate has wafer-holding
features adap®AIHGIN 4 plurality of wafers exposed at the upstream surF&d&U8E4PEIBTALE in the
peripheral region. The wafer carrier according to this aspect of the invention desirably also includes a
hub attachéarthieglateoinehs teblml dyiagithe hobriesig atspindlezdanastiorlzrlapiad-e engage
a spindle Oba&mw%?@tomfe q%}tg 'Ildﬁcﬁég\l@aﬁ]bﬁﬁ?nBQQEBEéﬁa@aNEBéhEﬁaifﬁiler-] Tt?e spirtl)dk? .
connection ub is prefer apted to removahly engage the spindle. The huh may be forme
at least in pgéré ?r%r{;u one o?‘morgéu%% Sﬁgus %?ﬁeerct%an ?r%le m%%grial lo?Yﬁépl %ia?g. Fc?rr(gyalmgg)al%,. the hub
may includépfetafirlel¥rRAls. TRRAND: iy A1SB8FHQUJd BAGHBSE ISR RoifPd Ralaffdly <Dt
material sugls agigiapbite definibgdhe spguliaepnrectnrada anodierexsraplentie platthmay iaclude
an opening,ig ihe centra E?r%oélﬁ,a”é? L rﬁ:ﬂﬂéﬁé %%B%é%c%lm%mth%@%%@gﬂn&%%@mple,

r
the insert may be press fit into the opening. A cap, preferably formed from silicon carbide, may also be

provided pdrBEINFSFERARG aBRAGN BRhEXITstBAhT RS SRR BIAlYin'He CRAL HRRLTST N
another examplépthestapanay dirsecured to the insgrdEoreXasagle, fhe capinddheingercnray each
include threads gopfigured de £55296 088 anather dALPeation: dhe uhRiechanisally eannests the
plate to the spindle withqut W0120 9/075747PCTP%820084:0B13295 imrpﬁing p&;‘]entiall .dajmaging
concentrat f‘f)%dsh&?ﬁ‘?glﬁlatg. Iﬁggﬁ’gﬁly, e hob s réifova fi/ aftiened fo'the p ate.%b%%?ﬁ further
aspect of theompentideprovideshechedficnl vasorideposRiondans®ed inedrgeraty & \aférddfer as
discussed ahave; degeatheryyth agditianal elgregnisisich@sta seactionchasbessa spiadigracented
within ihe reactinh,chamgelol 1alaiah Aot apae SXending Ieae bk e BN A e
downstreari direcaon _an ihjector héad Yor intro ucing one &F moreé reaction gases Into the reaction

chamber, aR# okB%r BiGtEhe &RcG BENEME LA bHRdiIRT I eBDiAE STHEGHATR cBhRBERSTST of the
wafer carrierie adagiad, 10 mawnl thasvafertearrieaat the-spiadlacvtitthe upstream sspfacelef the

plate facing, toward the injecigr bead and with the, dawnsiteam sifacs.ofiihedlate facinadowsed the

one or more heating elements. Preferably, when the wafer carrier is mounted on the spindle, t

. e
downstreant 86irf heddiERERiHe FERMTERFPegibhtr RRANARSAiIrEL M EBkfionts the ﬁ%gang
elements.Staied aaotheaway, the hiinlpreferabérdbdy notesde nddietveedretie gegiptieeal radien of the

plate downsfream,suface qnditheshegting glgmepts, Thusathigul ors natixgsiere di the
heating elements. Thus, the hub does not interfere with

radiant heat transfer between the heating elements and the

plate. _
[0009] Yet another aspect of the invention provides methods
of treating wafers. A method according to 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 thé 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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radiant heat transfer between the heating elements and the plate. [0009]Yet another aspect of the
invention provides methods of treating wafers. A method according to this aspect of the invention
desirably includes the steps of processing a plurality of wafer carriers, each including a hub and a
plate removabW A& 10 the hub, by engaging the hub of each wafer c&¢EEwitbsa18pAdle of a
processing apparatus and rotating the spindle and wafer carrier while treating wafers carried on the
plate, and rémb¢mgemafersytom Gaeh wattepcawier aflershahwafenearnerdias beery pragessed The

treatment p@é@ﬁ@h%ineweﬁr@a@@.miC%é/@&)@éQem@timﬂr%ﬁ%eﬂaﬁf&st%,&%ﬂe%@eb%i‘&%e
repeated using.new Waggrs. .The method accord|‘r‘1b%‘=\rtl<$)i this azﬁﬁect of the invention most desirably

includes the TUrReT sep S Ferdwirg Sadit fRFerteffer Sy Ferfidting e RAA ROnTHE dRELYAEN
cleaning the-plddmarts antaR seriblidgahs pitte tieh esame or a WO

2009/075747610Y S2008/33205-diffesgathubo Fhecsiep oheleaningnthe,plata may inclugggtehing
the plate. B%%% sjt_eetrhe P%Lél%is remayed from the [_gclate beJIQtre clea in;t], thgagggs usegetg ,cle%rl the
|

plate may include treatments which woult attack the hub. 8018fAneo her aspec?]éf the invertion

provides a W3t 8dffer fit a BB Y8actdEMid WafePRRAT tRESTabACHRTIde SR PIaRIMVingnd
oppositely-faongatpstreants and doswnstream siatacescand:fes areeyiteal regian ang erjeitpiieral

region. The plafe ias water-holding features adanted g hold A.nlurality. of walers expgsed a5 the

upstream surface of the plate in the peripheral region. The wafer carrier according to this aspect of the

invention de2irabR sy inffud& 5SS SKRAERGIAT elEhRentRBIECERY frétihe thstPdant Efirface of
the plate in tHeatential réporpFhépiieearhaydmiera celMal avas eanctmergastfleve daaititatiog tadement
desirably haga perBisiersWfaca,ib thefeme oha sikiace.gh kevaldionahout dae centialaxds JOO11]A
further aSpegg.gg.Rhietgggggone‘i@r}{ei:dnets aprojecting from the upstream surface of

the plate in the central region. The plate may have a central

axis, and the gas flow facilitating element desirably has a

perimeter surface in the form of a surface of revolution about

the central axis.

[0011] A further aspect of the invention provides a

chemical vapor deposition reactor incorporating a wafer carrier

as discussed above, together with additional elements such as a

reaction chamber, a spindle mounted within the reaction chamber

for rotation about an axis extending generally in the upstream

to downstream direction, and an injector head for introducing

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 lying 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 is a diagrammatic wview 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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" chemical vapor deposition reactor incorporating a wafer carrier as discussed above, together with
additional elements such as a reaction chamber, a spindle mounted within the reaction chamber for
rotation about an axis extending generally in the upstream to downstream direction, and an injector
head for introdu@ip§u11&76F more reaction gases into the reaction chambeFP. CTHESZHHME ¥onnection of
the wafer carrier is adapted to mount the wafer carrier on the spindle with the upstream surface of the

plate facing toom4d the injeater head. andiwib thengesiftowctailittimy eloisent dang etidmg thehaxis. The
reactor is copfiqured to direct gne pr poreyeactiop drsseside dewastieam direction toward the
wafer carrier and the gas flow facilitating element. BRIEF DESCRIPTI?N QF THE QRAWIi\IGS
[0012]FIG. 1994 agrammatic view st are AR ARR Rh iRt kAR carrier in Sacordance with one

embodiment bh¢het invetioRIf01B]FIG. 2 is a view similar to FIG. 1 depicting the system in a different
operating stpgy1 ¥{O 2009%4q & 747 PCE/US 2008404325 1301 HEHE 1 3 19 ¢lagsaaynatia lop wlaswview
depicting thgevg)%fg{:gggri%)g%\e_‘q(i)%gheOS¥St%m %gzzfle%“s'czzl'a%q%é'r in accordance 'with a
further embodiment of the invention.
[0017] FIG. 6 .i8 a view similar to FIG. 4 but depicting
portions of a wafer carrier in accordance with yet another
embodiment of the invention.
[0018] FIGS. 7 and 8 are fragmentary diagrammatic sectional
views depicting wafer carriers, in accordance with further
embodiments of the invention.
[0019] FIG. 9 is a perspective sectional view of a wafer
carrier in accordance with another embodiment of the invention.
[0020] FIG. 10 is a fragmentary sectional view depicting
portions of the wafer carrier of FIG. 9.
[0021] FIG. 11 is a diagrammatic exploded perspective view

of components used in yet another embodiment of the invention.

[0022] FIG. 12 is a sectional view of the 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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(0O015]JFIG. 4 is a fragmentary sectional view taken along line 4-4 in FIG. 3. [0016]FIG. 5 is a
fragmentary partially sectional view depicting portions of a wafer carrier in accordance with a further
embodiment of the invention. [0017]FIG. 6 is a view similar to FIG. 4 but depicting portions of a wafer
carrier in accovOa0eBRET7yet another embodiment of the invention. [001S]EKAS290HNG85are
fragmentary diagrammatic sectional views depicting wafer carriers, in accordance with further
embodimenip nidhe invention; 46213 FIGt S isuwpersgactiverskctionByieway a abferrameldn

accordancehygpiwtg%%@gogEn%par}pfIa%i@\@é“t@ﬂe or more electrical resistance

heaters, one or more elements suitable for receiving RF energy
and converting the same to heat or essentially any other device
capable of evolving heat without contaminating the interior of
chamber 10. ‘

[0025] The interior of chamber 10 is connected to the
interior of a preload chamber 24 by a loading lock 26. Lock 26
is equipped with a gas-tight shutter which can be selectively
opened to permit communication between chambers 10 and 24 and
closed to block such communication. The preload chamber 24 is
provided with an appropriate loading door (not shown) so that
wafer carriers can be placed into the preload chamber and
removed therefrom. Also, the preload chamber 24 is connected
to an atmospheric control system (not shown) so that an
atmosphere corresponding to the atmosphere within c¢hamber 10
can be provided within chamber 24. Chambers 10 and 24 are
provided with an appropriate robotic handling device (not
shown) for moving wafer carriers between the chambers and for
placing wafer carriers onto spindle 16 and removing the wafer
carriers from the spindle.

[0026] The system further includes one or more wafer
carriers 30. As discussed in greater detail below, each wafer
carrier includes unitary plate or body 32 defining an upstream
surface 34 and an oppositely facing downstream surface 36. The
upstream surface 34 1is 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
gpindle 16. Tn 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. wWwhile the wafer
carrier is vin the active or deposition position depicted in

FIG. 2, the body 32 of the wafer carrier overlies heating
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[0020]FIG. 10 is a fragmentary sectional view depicting portions of the wafer carrier of FIG. 9.
[0021]FIG. 11 is a diagrammatic exploded perspective view of components used in yet another
embodiment of the invention. [0022]FIG. 12 is a sectional view of the components of FIG. 11.
[0023]FIG. 13WPMAYTHErtary sectional view depicting portions of a wafePEArHEINY/ 8338t dance with a
further embodiment of the invention. DETAILED DESCRIPTION [0024]A susceptorless reactor system
according telmmwents 22. In this condition, the heating elements are

operated to heat the wafer carrier to the desired elevated
temperature. Spindle 16 is rotated so as to thereby rotate the
wafer carrier and the wafers thereon about axis 18. Reactive
gases pass downstream from injector head 12 and pass over the
upstream facing surface of the wafer carrier and over the
surfaces of the wafers disposed in the pockets of the wafer
carrier. The gases react at the surfaces of the wafers,
thereby forming the desired material on the surfaces of the
wafers. Merely by way of example, in a deposition process for
forming a III-V semiconductor, the reactive gases may include
first and second gases. The first gas may include one or more
organometallic compounds, most typically metal alkyls selected
from the group consisting of gallium, indium and aluminum
alkyls, in admixture with a carrier gas such as nitrogen or
hydrogen. The second gas may include one or more hydrides of a
group V element, such as ammonia or arsine, and may also
include one or more carrier gases. Following deposition, the
wafer carrier with the finished wafers is returned to preload
chamber 24 and a different wafer carrier with new wafers is
placed onto the spindle 16. The features of the deposition
apparatus apart from the wafer carrier and the related mating
features of the spindle may be generally similar to those
disclosed in the aforementioned United States 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
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" 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 tH¥Qp¥RE@A#*To downstream direction of the chamber. SpindI& 4B 1$%8¢eétad to a motor
drive 20 for rotating the spindle about axis 18. The spindle is equipped with a suitable vacuum seal
(not shownkA heatiag deiee 22lis moantiwittie cldmbkeastin &figedpokitictso th&t tH®Reating
device surreuRds V5% 2029/Q har 4 IV USZOPB8H 328a spinche 1aaginepty its apsineana end.By
way of example, heating device 22 may include one or more. electric [ or more
elements sl abﬁg?orpr%%gle\ﬂné’l K elr?ergg%ér:% ghe one the g‘é’rﬁ% %i%%?%%gsgﬁglgi%ther

converting t
device cap@tle deedlving FebeWRRGEEoNRAHTFEARY EP% iffeFioF BrERZMBEE 809BB 25 hé Mterior of
chamber 1@ iss@@nnecteade thedntesios oloca pealead chambet 24, a laading teck 6. looek 28-S

equipped with a gass gl shutter wh ejecivaly opeaedia Remis sgmpaunisatigarkatween
chambers ]%Sé?]ed %%%n%eggg%tég%%g%%%gffommunication. The preload chamber 24 is_Lpro%/ided

with an apphdpittte IRRIMHG &8 orr@REAoWTED RERRERTRERTR N be PieliDtha préload
chamber antheemeued therdérsin:akidy, thiespretesiisttanber 24 is Hofnetreperat-uirRgspRetc

control systeguEnat showg) $0-Bakan atMmesphaig Keraspording tade alaresphefarwiibssehamber

10 can be provided within chamber 24. Chambers 10 and 24 are provided with n.app ({Qrgaég robotic
handling de?/Pc%r(:?‘uthf%ﬂoﬁﬁfi‘fo?%o?ﬁﬁ%a%?%%rri%?se?etﬁ%er? %%Ehgr?fgerg %ﬁ for placing wafer

carriers ontd sphwilgll6 she rensdiing ae vaiffer amrieIREM tDSHkEIe TBY26] AP Sf8R AT Rirther

includes ongwrpere-wafes cauigse30. Az digaisseskingrastetdetail belowt each water catrgr
includes unitary plate or body 32 .defining an upstr rface 34 apd an qppositely fagng n
downstrean? %gr%gél %W’h(g aps r%%?nis%r %cesgéfe éls%rggi'ded Wﬁh features such as Eockets Sg

arranged toHOIM Y& sefihdiiife SRERES GRITELRATCABEERRNEr Y AreHEEm FSBEcHRIRS carrier
also includesrailuthd @ exneses adjagens the sester dipaded?2, tiye hikte40speingladapted twenate with

the upstrea gnd of shingle 1A Ihedaagng pAsUiPIepICISt DI 1. Sualer eaier Shouh
wafers in pociets' 3 Is dispose y_wthm chamber 24. In the ogeratlve,,de osifion position deglect_ed in
FIG. 2, the SRRE 1RHEREarREr S HSHosERTRNAR reaRABREhAMbEF 26 and T 8Rgaget on spindle
16. While themwafenearrienisihdes actilenigeposkiapmivsiton depriddin FEZaBihEDody23s of the
Wak”Ca”mEQMSgﬁééﬁgﬁggthereof are preferred. Most desirably, the plate
is a unitary slab of a single non-metallic refractory material.
Unitary plates formed from silicon carbide are particularly
preferred. In some cases, the plate may include a coating.
The coating material desirably is resistant to the temperatures
and chemicals encountered in use and cleaning of the wafer
carrier as, for 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.
[0028] 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 1is
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© WO 2009/0757471'CT/US2008/013295 elements 22,In this condition, the heating elements are
operated to heat the wafer carrier to the desired elevated temperature. Spindle 16 is rotated so-as to
thereby rotate the wafer carrier and the wafers thereon about axis 18. Reactive gases pass
downstream fR2NEEIHhead 12 and pass over the upstream facing surfé¢&e¥AN8/ WY carrier and
over the surfaces of the wafers disposed in the pockets of the wafer carrier. The gases react at the
surfaces of depnaters, therehydemingihe slesimedmateal darthe sddacesaafithe wafersodderely by
way of exargpierin ageppsiiopPracess fanfrming,adlsy, spuisanduciondhedaactive gasasmay

include first and second gases. The firstgas may include one or more or a,nomeéallic compounds,
most typicaff*thetal &Iky1s SoREER rorh $H& Youp cgﬁﬁstiﬂafo?rgalﬁﬁ’r%?%ﬁﬂ $n 588 BRRfhuftalkyls,
in admixtureagticed sadfer gasssuchimpritedenior hythegeretticobeasd gasaigninckfie difeor
more hydridessafca gtoup ¥ RiEEnh SHEB as ABAIMIA OpaFsiNg cartk ey ERIsg iInchidrigAe tHanore
carrier gases, Following deposition, the wafer cargier with the finished wafers s returned to oad
chamber ZAPSéLr? E |f¥(§%ﬂ£ g#eﬁecaa{?rigruvl\?l ﬁ(r:leévé \%va%?s %’p‘ﬂ%ﬁgg Ohto t%%rsép?ﬁ&ég J?G. ﬁe[%éé%tures of
the depositiSRHpiAtatus PR rofthe Mder chfifer FRPFEAEIatB@FRatifFeafRRE Y the EPfhdle
may be genexdlly gimilar to those disclosed in the aforementioned United States Patent No. 6,685,774,
the disclosufg @f yyhich is hgrgby incorparaiad by relerenceshergin, JA92 dAs best.aean inFIGR- 3. and

4, wafer carrier 30 has a central axis 42 which is coincident with the axis'18 of the spindle when the

wafer carrie? SRt g oRe Sindidabhie’32 is FHRte*Sr oHRIMAGR R adBRF ARSI
preferably omkeoremure somavetalic refrpetmyanaterialsl Nsdisieckib tedistlosurs dhétedn in

"non-metallice Matgiial pgludescompounds et mejals with nopimstalg.spchas gxidesapigddes and
carbides of metals, and also includes carbon and other non-metallig%elements and c%rgpoui‘ndg thereof.

Also, as usétl WM&B&CISS[F&%‘ b%ﬁe '%%' ondor RS e R At s ST B& uRderstdsd Bs éFefgerring to
a plate in whishetié el ¥VOs200%/078 18P CTityg S206810ESR 9Fersore matulakConstitinbedt least
the majority gfdhadliskness efdhe platepver ahipastthanaiordy of hieaneg ofdhe platexand ip which
the one or morg, materials conribils aLleash g subsiantial porlign,of sttuclurgl sigenoth.of the plate.
Thus, unlesg)gtﬁerwse spegfﬁe -1 plaﬁe ot onié or mMore non-metallic Materials may inc Ude minor
layers or otHéranifor éatirdsoraeRrftdothe PREEE RIS OF hE AfatERAIBT R HE Plat8 HESHEBIV 2
resistant to 81 tgympeeatates aidghemicakenvisonment eneglisieredin thaavafel precessingub
operation and [,gReatiops Lsgd4g cigandhe ekl gatie libayda theypalgiial ghine il should
have substantial structural strength, it may be a brittle material with high sensmwt¥ to localized

stresses. ALE¥Slafifed belofiPThe SHAEREE of tiBSvai@RESHS dediaBRS5htectS the pifte 1R high
localized stressesimposddimyrthe spindie inhese. Nampesthllionaefractery mbterial Selecied ot the

group consisting of silica cprbide Horopiide, bamen cabide, sluwingm pitide, Yumiazsapphire,
guartz, graphite, and combinations thereof are preferred. Most (ﬁsﬁbl? theﬁ%te is a unlta%e%lab of a
single non-rReERic R fractPmELARER et pRRES FtmBtiSrolt &ificon bl ard B artict sty

preferred. Incsomedases; tplabemapincrietaseatngs e caatinganatesiab esixbly whicdistant

to the tempeyaiures,and chermicaly,eacountared indise shskbdaaning Ghtheckaler sarriek es, for,
example, a coating of a metal carbide, oxide or nitgige 3%0{1 as titaniu carbg[%e %]tantalum carbide.
. 100

Such a coatWE’pa‘Ftll@lﬂgﬁﬁ d’régiréa@g W‘c*r%ergjﬁate 1S formed ﬁé‘%""&%phi‘f’é 3Itﬁ85’§ﬁ e
upstream arehdowsiswastrs@faces 3L ang B634re A&SIcRR aPEomPIAES ptdnar surfiees apat from
the pockets 38dndipsy easy swécEIhdhisisont AsstiallEhethelnesaah pliie Saoeemiaryover a
wide range. Howeyer, .ge exeple, pLale:A "33 AR s AIBTPIR Y ket 20RHER 2adip about
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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[002'9]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 WO
20091075747PCT/US20081013295 depicted in broken lines in FIG. 3 for illustrative purposes, there
may not be a SiBI&XB3EHdary between the central region and the periphePAIY&§8P/FRE vafer
engaging features or pockets 38 are disposed in the peripheral region of the plate 32. Plate 32 has a
central borel 28 ¥ktending Hwough thé wratheromigpsiredes susface Biserdowlstrédafhisurfte 86 in the
central regigaseribat thesgentralhake eagompgssaes thggaxis i {030]Hubdimogbpiaferably is

removably attached to th ntral region o te 32. Hub 40 includes an str(zgf& hub element 48
il q gh chat %%llJ t% go?pf’a?gB als Q H

ce
having a generalf;e}:cﬁlndrl al pe portlon received In central bore 4 o) havmg a?lange
50 overlyingt @ Sortiaiy P thetdpsirebfr $0Factisnet tte phicinfearrasetBlRgrShevsitral
bore. Hub 4xfutiher inckidesaam dawnstreasnhub aeswert S2shaienrg a-generally cdindecal raston

extending ifo.genuee bore g dnctaaying edenar > tubidhuaeilss narian o e downsireal

surface 36 of plate 32 within the central region of the plate. Hub elements 48 and 52 have a sli

clearance fitRithIT EentP hotE 48P F e xERffE RE JtRSGGETiarhaR s hBRt B EmEniSEpart
from the flahgeSommay tiecalbout 25LrMmevhs (9918nchéS).or Stogmak@amihaa thé estidd drneasyr of

central borexd6. Finalementisii8ang-hd aee heldingethersnd ykged deyarbaneanaher hydﬁsteners
such as screws 56 of vmlch ogly %1%}, s visible in EIG. 4 sgaced arclund cggtr lhax 42. T flanges
e

50 and 54 are?orc y engage upstreasn%%%d déownarearﬁ sur aces 34 36 of p te 32.

The hub elekfents Bt@rBe fokMed AOMIAYRT IS BthePtHaN RS AERErAR o’PIfhe?iP&te Fubeefnents
50 and 52 dgsirably, are formed from metals which can survive the temperatures to be enaountered in

service and whigh.will not corrade or nta taminate th or. of the reaction cha bé—: [ing se. For
example, thg%klua%? Iementg me%/ efoéw (ﬁ:romé('ne;aa sele%tec()f]fr S le%%%p%o sé#ﬁélofy

molybdenufilfifhgsteRRthctrnefitmn, EBR N RS ithéSe ﬁﬂ%tdl?&ﬁ&%\ﬂo@ofiﬁ’éééiﬁ?eté% In
other emboditieidse theshuhadements apgyred foemed dom theganmhinatetialseassiie plate. WO

20419/0757§ggeqyé415299§@r§2%§1e tapered hole 60 of the insert. In' the
particular embodiment illustrated, the included angle of
tapered end 66 is slightly less than the included angle of
tapered hole 60 in the insert, so that the spindle engages
insert 58 only at the extreme upstream end of the spindle and
there ig a slight clearance f£it around tapered end 66 near the
downstream or opened end of hole 60. In the operative
position, the downstream surface 36 of plate 32 confronts the
heating elements 22 of the reaction chamber. Because the
hub 40, andv 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

-11-



" [0031]Hub 40 further includes an insert 58 defining a tapered hole with an open end facing in the
downstream direction (toward the bottom of the drawing in FIG. 4), the hole having an interior diameter
which decreases progressively in the upstream direction. Insert 58 desirably is formed from a material
which can withsteasdothzs i€mperatures attained during service, but which isesovnenbratisafser than the
materials used to form the hub elements 48 and 52. For example, insert 58 may be formed from

graphite. Ingad &8 is retaimed withia phbrelemerigidhancthha bysaasnsadyetaines plries2wiltinh in
tun is fasteneidodhe donstieasy, Nuh £160e0L G DY ANBALEOLS SEIRNS, 19032]In the.operalive.

deposition position depicted in FIGS. 2 and 4, the wafeér carrier 30 is mounted on spindle 16. Spindle
16 has a taPERd“ENF 86 Land ffid Thdrea entHaratave d¥mthit ife RIRF&d FBIce83 B iR sert. In
the particuld@hambodimebieidtistrated; thenindidded anglelvétapesert erph§® iscslightiy tessfthaashe

included angla:Qtapered 10l 6948 thgdnsgiigsodhat the gpindie.pRgages nserhag oy at the
extreme upgté%zgrtniend ?f thet?%:nrgle anq)there IS a %ﬁ,%ht ﬁlegran e fit around tapered end 66 near the
ole

downstreant of opened end’d #66. In ﬁwtewgﬁgratlve padition S FOWRstraamh stiface 36 of plate

32 confront&®se h&gting dlemEHELIR S thétEastaFehambErBataustehe HEPaotah§ partidilarly
the downstreaphaub elgmentzid isslispaisedoniy vahinthescendkal regien atthrrplaie 32rthect .

dounstream, sufgse gl Hate. 32y lne odR el resian s pe! eqeered e hub. Thus, as

seen in FIG. 4, the downStream surface 36 plate in the petipheral region directly confronts the heating
elements 2ZR#3 ho soliBtstructifeShtérvEfhybahBER i GBwASréant Shifdcd 38t 1R phte
peripheral regwrrand ihie beatiag edernents 2nathusathersusia diect pathifesradant ihixd transfer

from the healing elements,to the perigheral regionef the, plate, This ramatas efigient sl yagsfer

between heating elements 22 and plate 3Z. Stated another way, the hub 40 does not extend between
the heating BfEREAEEERF th@ dBFREREE R surfacBOf tR8TMD ROWRFG75 FARSET/58208BRT LIRS plate
in the periphenspeegionsanduaioEsmot titerferd wathllhidat srahsfenfrora the Heatpitpsle mests feethe

plate. Use of ahuyb fends tosretard hgat fargier oM e plate-In-spindliectl, s, as Resbseen in
»FIG_. 4 the_re re physical interfaces,betwesn the Isategz dthentéubcegnlgg¥s4 aggl %%f an,
additional int& éﬁ% %é&ﬁé’é’r?th%aﬁtﬂ%gfaen?en?g %ng msderf%%, Snd P8t STTHNRT iIfERASS Between the
insert 58 andlsisndiedl 6PAD of e intdiceshavehe 8ESFENIE effett slgvaUEingRESEtaASTer from
the plate to s spinglas [BA3ZHbepsecef Baelichplate seehmscreslid atnte offaaopamelaliic rfractory
L

Typically, the apparatus includes numerous wafer carriers, so

that some wafer carriers are available for treating wafers

while others are being cleaned. Depending on process

conditions, the cleaning process can be performed after each

use of the wafer carrier to treat a batch of wafers, or can be

performed less frequently. Also, after cleaning, 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
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" temperature uniformity. A solid silicon carbide plate can be fabricated with a well-controlled surface
morphology. Also, a solid silicon carbide plate is durable and can be subjected to cleaning processes
such as wet etching to remove materials deposited on the plate during wafer processing. The hub may
be detached YUPEBIAE prior to any such cleaning processes. Typicallf SHERBHFAERS includes
numerous wafer carriers, so that some wafer carriers are available for treating wafers while others are

being cleanaupdepdnding thepreedsscarmditides; the Bleeevsgrprockss gar befpeformed aftarreach

use of the wafer garigriodlEeata bateh of yatersner Ca%&qea@%ned lags baauenty: Algesafter
cleaning, the plate may_be reas§embl%d \glth the same ub‘Lor with an thec{ sirpgarbhubuté)e%roi/irge a
renewed wafer carrer f(ﬁfﬁlﬁheo il provliﬁagls g%e%:uresr%oﬁ%ﬂﬁg TS the rﬁate on the spindle of the
reaction chametiBacaisktHesgsiharsdotsRotgifectlichgffe grpiate, tRe SPmdid #6288 not tend to
crack the plpd@ glg1ing usend his-ean bewsiapificast whexusipga plate foirmed fons & beieunaterial,
such as solid silicon carbide. Heretofore, it was not feasible tq constr tating wafer ' ates
from solid slf%é%% ctér%dg Eéggll%e tﬁg :B%%Ierv?/géléelt%%]d %1 %§§Se§ t#g%gteyt%gcra%% d%%ﬁé%ueg%a This

tendency td"&eRk WRIBE BXa S BRIRFDYLE tERTBEPintid SR intRdtSsigniftarigHHR
localized sthessest W@ 26RE/07bé4MMET/WS2008411t32 9 eppasedionthe wafér cahger. widigever, the

use of a hub,sych.as disglosed.intheqresgnt aaplicalian; ollQus iwatsr sardenplaies. formed from

solid silicon carbide to be used in rotating disk reactors with less risk of damage to the plates.
[0035]The refRR8ly soft NHRERSHST iNSei 88 L8 e a CABRIIMR SR B S Featitsn gf%lr%%%??/vill not
be damagedisars fwiwatbovarriardy erlgngehpitythe spindferAlthsagty itsert 38 megsrecdme worn
with repeateg gse:0f the wales cartighdhe insert Stheambesseagiysempvesiand faplaceshtral
bore 146 of the plate may be provided with a polygonal exterior
surface 153 so as to provide relatively large clearances 155
between the hub element and the. surface of central bore 146
except at the corners of the polygonal element. This
arrangement further reduces conductive heat transfer from
plate 132 to the hub element 152. Other shapes such as fluted
or splined shapes may be used to provide a similar reduction in
conductive heat transfer. Likewise, the surfaces of flanges 50
and 54 (FIG. 4) which are in contact with the surfaces of the
plate may be ridged oxr fluted so as to reduce conductive heat
transfer between the plate and the hub and thus reduce
conductive heat transfer to the spindle.
[0037] It is not essential to provide a central bore in the
plate. Thus, as shown in FIG. é, 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. 1In 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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" [0036]Numerous variations and combinations of the features discussed above may be employed.For
example, as seen in FIG. 5, a hub element 152 which extends within the central bore 146 of the plate
may be provided with a polygonal exterior surface 153 so as to provide relatively large clearances 155
between the N8 ¥EHIEtand the surface of central bore 146 except at th8CHHT2PESEX AR polygonal
element. This arrangement further reduces conductive heat transfer from plate 132 to the hub element
152. Other sheges suthrasfhated lor sptihed shapeshiay b tsetineprovidey a Similadedndten in
conductive igak kansfeglikgwiss, thessutacesidianges.a0 apd SddfiGq4) which-aerdaaantact with
the surfaceg ff the %Iate ma}_/ué)e r{':dgged q fluted so as to f;‘e uce cgn%%ctive hea rgnsn{er bggv&aen the
plate and the Rab a a?hu%ore GiEe tORdTVET At FaRsrérto e spindle. ﬁﬁ)’f?ﬁ‘lgf s Notessential to
provide a cépgarpeEadhehe pkaesasss, Bktdtown APFRE- S5 s prie 2828 provide & #AAZEEECOf small
bores 233 exiending betweerniissypsireaphandflosastiean syfaces.inghe eastraluBgihasAan
upstream h ement 24 downstream h t re_proyjded I d
downstrearrk; %ﬁe%é%eg % %‘?g %329l ar%%p?ﬁgr?ec%egﬁgc%%g a%%eer g%%% S 2%%%%%&%;%%5% holes
233.1n this%‘i’raﬁﬁ@m@ﬁé&o\ﬁ/elﬁl?ﬁe FRd TS EMo980ly afithedtBtFe RS A%fusréaqm‘l’?iéc&gclosure
with referensentoea plate dpeltiwdrthe bernhtternadbihattsphedl mezas thet gracthgyedn be removed

from the plaiggygiout damaging.the pleqnd, witkaul damaaing s, rajp siruclurdclamentsof the

hub. Removable attachments other than bolted attachments can be W

@) ,
2009/07574 7 T/US300810% 3388 (&SR E P BRafip TR rdhiyable HiehhaRt mBY Hctdde pins,
wedges, cliseevther neecharienl faste g arfangbhentpsticeahe bobneeliondietweds tieakiub and
tﬂe Spir;dlg mﬁkng iag&g&;}%ﬁehﬁ%p@ée@@ttm &‘&gtﬁpyﬁa% agfage i\dweig{eﬂﬁ% te- Eé@ndeFhus, in
the embodiment of FIG. 6, t ub has an inser with a set of recesses.that engage mating pins
266 on the 8r$d% ﬁecsep?gcﬁgﬁlogxﬁﬁy%‘%ér typ{)eg % mechahical ctoonnegs%ﬁ(%nl Eg?v%&gn%% h% Dgqnpd the
spindle cantRyelplojeer (00BN SHeEBMbdiRentdidttsdat FB6ve WithYBRFEREBIERERTSNE-4, the
upstream hgl elemagnt hasadew, Bat peefiavEownvgieas peetiire H4@. Guke upstraas huhidament

248 may haye a domed shape 50 a5 toaglitats, gas flog,ip theieipily,of e pentrabaxis 242, Other

shapes to facitate Sas Tlow may% used. For example, as shown in FIG. 7, upstream element 348
may includeSaEreave3$itap et PEFRRYr stffale S8 RRATG ©f revolution about axis

342, Such a design may help the flow of reactive gases from
the incident direction D be redirected along the upstream
surface 334 of the wafer carrier 330 and away £from the flow
discontinuity created at the center of the rotating wafer
carrier 330. In another example, the upstream element 448 may
include a convex shaped perimeter surface 468, such as the
generally parabolic shape of the perimeter surface 468.
illustrated in FIG. 8. Surface 468 desirably is also 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 tc flow outwardly across
the upstream surface of the wafer carrier within a boundary
layer. 0Of 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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" approaches a sharp tip 370 at its upstream end.Perimeter surface 368 desirably is a surface of
revolution about axis 342. Such a design may help the flow of reactive gases from the incident
direction D be redirected along the upstream surface 334 of the wafer carrier 330 and away from the
flow discontinbi9 ¥edi&d4at the center of the rotating wafer carrier 330. In B@iiFRan@xasmpie, the
upstream element 448 may include a convex shaped perimeter surface 468, such as the generally
parabolic shape ofdlfe peroaeter snrfanguad8 dlustyaiedsn Fléped-Biirface d68dlasikaidy, is also in the

form of a suiface, plevolyton AboWLtE el vk, [943%YBs dhe wallsf cariesds roginaigapidy, the

upstream surface of the wafer carrier is moving rapidly. The rapid motion, of the wafer carrier entrains
the gases iftSTSEMLTAF fnofidn a?Bﬁnd%?ffr%‘PExslﬁle“&Hﬂ’PadlaFﬁ&N A7 RomAxi& 3425 hd
causes the gasegdan flokenavardigracisss shonpstredrhaurfabe ofthundaley caraige within Bn

boundary layen&d corFza inaetual %&@icﬁei@{e ig1a gFadual trgpsitipahetweendne graoraly
downstream f|9w regtrﬁe deqa(‘)tegl)o % garrqw D D and the flow in the boundary layer. However, the
boundary Iayer can be regar &d 2% the re?j'lon ihWhich the gases flow substantially parallel to the

upstream s@849bf WO 2809/675 RIYPEHRISPI0 S AES95MAE tvafdttarrief. URaER typiEalGiserating
conditions, testhicknessrafdhe heyndagreyeris akdadgem anse. Inpanelembadirnenis ofdhe

present i”"%@é&&%ﬁh‘?ﬁg ﬁEQE@e upsiteqya elementmay besherter than the boundary layer. In
other embodiments eight H of the upstream element may be taller than the bounda Iager
serve as the hub element. For example, referring to

plate 532 has a central bore 546 extending through the
plate 532 from upstream surface 534 to downstream surface 536.
Insert 572 ‘is received within the bore 546. As shown in
FIG. 10, the insert 572 has a generally cylindrical portion
received in central bore 546 of plate 532. Insert 572 also: has
a flange 554 engaging the downstream surface 536 of the plate
532 immediately surrounding the central bore 546, The insert
572 is preferably press fit into the bore 546 in order to
create a secure connection between the insert 572 and the plate
532. For example, the outside diameter of the insert 572
(apart from the flange) may be slightly larger than the inside
diameter of central bore 546, such as, for example, on the
order of a thousandth of a centimeter larger. In one example,
the insert 572 may be inserted into the bore 546 by heating the
plate 532, for example to 300°C, to expand the plate 8532,
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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" [0040]In an alternative embodiment, one or both of the hub elements may directly engage the spindle
without an intervening insert. In yet another embodiment, an insert may serve as the hub element. For
example, referring to FIG. 9, plate 532 has a central’ bore 546 extending through the plate 532 from
upstream surfse28B40t§7downstream surface 536. Insert 572 is received Wil sh@da B546. As
shown in FIG. 10, the insert 572 has a generally cylindrical portion received in central bore 546 of plate
532. Insert a72pisg drasa flangsoghisengagingtide dawestreany surtagg S3eof Hie-ptede F3dm
immediately, %%%[Egipg the JE’EEH are 346, Thlenigggg%???zis g{;ra@g&gggs fig,;g{,%thqﬂ_tg [e 546 in
a

order to create a secure connection between the insert 572 and the plate 532. For example, the
outside diarh8RG1%Re iNSEt 575 (aPBR frdmiRE fIGRIS HRzy betBfRyhtAMERIET thAR thEFmside®
diameter of ceattal borebdGesucinds repdaamgle, on the order of a thousandth of a centimeter larger.

In one exampig,ihe insegt 372 may be jnserted intp the hose 46 Dyheating hesplgie a3z, fepgxample

to 300C, to expand the Qlate 2, including the bore 546. The insert 572 may be formed from materials

other than tRE TafFiars Sf tHa biatd 5322D8Sirably, (RETHEEM 5% 29Y Flrined Forh TRatdrais §Aith can
survive the &tecruresit® beoéncdurterepliatservied andiwhichivill noegé@ode breefi@nmkie the

interior of theueastian thambaedugagiisg: It isdqyefeyed that thadnsed57%has a therma expansion

coefficient which is equi.} o or greater than that of the plate 532 sq that the insert 572 may continue to
remain sec&gﬁtv%ﬁ)ﬁlmt eébo?é%gg?é\}élﬁat%?g\?av%ggc%g%pgf%?me%%%e ?nos%rt ?EE{:Ié% so%p?ef'erably

relatively soRCSE- iR the’Spinte GiRE tegdiow thBHbeFRRERGbeRRIFRaget Svhen thesFafEPEarrier is
engaged withnidwerspindie, Int MO ROOOMREAT PERUSHV081(E 3895 alprefeared Fmbddimehsdhe
nser 572 b (e o graplie AU, g osen 572 mascome whinadlteReried use

of the wafer carrier, the'inSert 572 can be readily removed and replaced. (Q041]A cap 574 m;a\1>/ be
included haPhg%ESERd SBRar B PortioRE A with aFEile %99"1?@?%”3% ryiRG thedpstreanm

surface 534g¥dhe platg &326d thieveyionlm et iosuroumdirerthe ceiitral bae 54%4 Thd gap 574
includes a poHigR. pZB8RFOYIARY dawpwardhs frep the LoRRQHGR s Pegionid 8 ds seceivgekwithin
central bore 546. Like the insert 572, the ‘{)rotrudigélgort}ilon 578 of the cag 57f4 is aIsS% L%)refer%)iy press
fit into the b6A'EEE. TRe EXS 522 HRsiratly HrEteRRitnd Mo PR IS e E8RE ORIt the" Corrosive

gases injectedanwlthe rebetioreh&nbemahehayrs A akpsfrefanblyuvbasousombssipaed
disruption tosihe,gasHews sawsed hxdhe-boresadh, theough thedpsteanysurface %3¢ Forexample,
the cap 574 may have an upstream surface as.discussed above with reference Q. FIGS. 85
Desirably, thggjg}a{l‘ﬁ %7%3‘?0%%’(? ﬁ%ﬁwyr%q{'g%%%l which csat%\?gﬁ r‘\’/?v\(la\%g te(:n%g%'fé%e%r%gbeg 8nc§u ntered
in service arfRgRHER aIEAot cbrod€ BF tdRBIMIFRE thevintehor of #ie reaBfdn cHERRBEAGurirfgfuse. In
a preferred emheosimaatdhecaap Stk meydie fofmarthioresiioonoearkidenite42]tuatnathenakernative

embodiment,fhe cap AnpbedaSelIak bRaRCureg ousANag. el SADPIEJEIRANGIRRIGS

11 and 12, the generally cylindrical portion of insert 672 may have a threaded portion 680 thereon
which is configité®To ﬂ?r’éé?d@ﬁly engage a threaded portion 682 on the protruding portion 678 of cap
674. The prqtowdipy portian 6 adof har 6 A4 hasantdpen istastod oetion, 68Zhevhichgs eonfigtitesl to

receive a porlign ot Ngey 412 (Beel Ehedgseh a7 2manluss begscusbindie walk casigrplate by

inserting the insert 672 Iihto the central bore from the downstream side and inserting the cag 674 into

the bore frorRthBXfStrekin 8RR, WherdiorPRRSAgeME 7Y AR s Bk HRtHAINHy dRGEGED with
one anothersBy pragréssively thrbadmgdte maptGshohtothelinsets 7@hthehinsert ¥4 divse further

lecewedMMQ@ 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 1s 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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" WO 2009/075747PCT/US2008/013295 the open interior portion of the cap 674, which, in turn, will
cause the flange 654 of the insert 672 to approach the flange 677 of the cap 674. Continued threading
of the cap 674 onto the insert 672 will cause the flanges 654 and 677 to become forcibly engaged with
the upstream akdwnsteam surfaces of the wafer carrier plate, thus seaurimgsthesinsess 672 and cap
674 to the wafer carrier plate. Therefore, in this embodiment, the insert and cap need not be press fit

into the central beprAf therwaies capigrpiate. berthaenergy theyeap and &hg insertdiead natihe
threadedly secured to one.another,. Other forms of.securing cap to the insert b loyed.
For examplce:,afhseeca{:gl gn(? %iasrégte mgyg %)e %oltggj‘ ?o one %ﬁ%thée??n g%naarﬁ%rr%?rﬁ%a%%y?hgﬁfl&%%ted in
FIG. 6. In sB2A afEnibiriifént, ShaH boreShaFbehréhted it eEh&ihéifsef®h thd taPBF Both,
and bqlts _rrtayeexrﬁ_twbbmowmhavbmms @aeanechéweﬁmgaadamp t(_agﬁherz TForexampglemthe
bores in eithey thansert gr the. gar, Mgy inglde fhraads.yhigh aresconfiaured do gngage tyeags

provided on the bolts. In another alternative, the bolts may extend through both components, and nuts

: 19
may be profffRd YRHER afREgREhed BALS thr&ied ESGYHFINE BAIR. (33 Yotta Rftfer 2P
embodimeri,/thetcertig bord artheaplaienegd adbeexteRueatthengay throbhh shewadskigmrier plate

from the ugﬁﬁeawl Iﬁce@t;@dhedfpwwg@aﬂbﬁu;weﬁ@é@xa%upla,@osmw i?ea@aﬂﬁ,llseﬂgal bore
746 extends [nto_plate 732 from downstream surface 736 towards upstream surface 734 ving a
central port%#?? %eof fﬂae%gte ?%5%%/%¥Iyiﬁg ?#ee bore ?A’Gr %%%mﬁxe%dpst?ggm Sttacé §4q%1sé
described abdoexfithneapedtab theembseRMat INsTHaRY PAFIES. 90 idRe ehsert P#2%F this
emb_odimerﬁcmmsbeprwﬁiﬁmﬁgtheﬂmre:é’é&d&o tap is;peede:d imtjn_iswmbmﬁmmda_s theagentral
portion 786 Qyerlying the,hore. 746 praferahly protegts the nseitnateris! Baw cantagtaviththe,

corrosive gases injected into the reaction chamber. The central portion 786 also provides a continuous

upstream sBREEE 7 3£4MEAats ¥ 35 R chirb & SERF ffhim2eS diSrupfion to the gd¥Bw&Bver the
surface 734enitd OO 7 Sy PIC HOES20 08431 329 Soi0odiifiksi showe RIBS: otl®, thedesdrt aray
define a tapgged @94? with agapen epddacing insthadewastreas digctipimsinila tafheaamiediment
illustrated in FIG. 4. 1n conjunction with such a tageréggwsert, a spindle wﬂ{w a tz@ere end may be
used. In onEXRBRfie e inBRAEE Myt 5PMe RBERFENd of He SFRTR  Say bE st ledd than
the included:anfkerof tre holasette imserttbe thasthe Bpindlererigitfes e prdat onligthhesRtreme

upstream epd,of e SpNOIR apd sadhat these isa shight dearanceditareund the tapereciedaf the
spindle near ﬂe dowgstream or oqgegfgsenngaof th}e{pé)rll% Ftlilrthoe&n}gr Oq_br}}/ ocfothegrggpl%q;imegltl%
disclosed aBove ﬁwné-’i/ 4155 inciide an upstrea% elamen , as esciibed a ove, h&ving one’of a variety
of shapes t@fdlitaRyYg Reflgwordcedmpitchn BpetrédFPERRRht PRy EFECARE pFIHHE N be
attached to gréntegnally.formed on the upstream surface of the hub, cap, or wafer carrier plate along

e O Eb I unpa oo A aet anglons.and comblh aloneAlinslaaluies dispyosed

above can be utiliZed wit eparting from the present invention, the foregoing description of the

preferred erAbadfnehtefouldbe BTy Wiy ofiiGst@sn FRerdan ByavayAdaimiaRion6fthe
invention asdefitedekythe nlairs sOP4aA horfirisetoventionsheneirt hastesn:izscebed Bvith

reference to?g%rggg@,r embodimes. Jis erke understaad dhathese embadimenisargdnarahs
illustrative of the principles and aé)plications of the present invention. It is therefore to be understood

that numerdesRBdifidaticiicomay BPETREIED tRIMEEFSVE mbBYRSTs BRaTthalBingr- tace
arrangements mayleadeévised withoutrddpartimg flom thesspirdt aritescppats t1e preseatikyventon as

defined bytlﬂ%é‘pwd746 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 central 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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" claims. MCSIAP CLAIMS A wafer carrier for a CVD reactor comprising: (a) a plate of a non-metallic
refractory material 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 walep2@R658a@ at the upstream surface of the plate in the peripf&fédigitidzend (b) a hub
formed separately from the plate, the hub being formed at least in part from one or more materials
other than tfooaan-metallis refraetornFmeserial -«af 1he plate, thedwib beiyy ditdicned to theptatedn the

central regipy the hup-hayipg a,spindie gannection adapied i Lngane,a spilkhe o ae¥br gactor so

as to mechanically connect the plate with the spindle . 2. A wafer carrier as claimed in claim }nwherein

the non-metaMt ¥eFactbRy mahstial REPEBEHom tHe- YRR ESTSisting of £ilicon carbide, boron
nitride, bororstnde i alumminhnitsdealuminbapapeidire igsett graphitepamgiéembid&ions thereof.
3. A wafer ¢apsieras daiineship daim,davhereimtherponsmgipliie refacionnempterial congisss ot
formed enthety TSHRTRE ot Nibesi IRBoih) Ay e SLigHELFT {4 REERAR LRBary Siob
included angle of the hole in the insert, so that the spindle
engages the insert only at the extreme upstream end of the
spindle and so that there is a slight clearance fit around the
tapered end of the spindle near the downstream or opened end of
the hole. Furthermore, any of the embodiments disclosed
above may also include an upstream element, as described above,
having one of a variety of shapes to facilitate gas flow. For
example, an upstream element having a specific profile may be
attached to or integrally formed on the upstream surface of the
hub, cap, or wafer carrierﬁ plate along the central axis of
rotation. As these and other variations and combinations 6fn
the features discussed above can be utilized without departing
from the present invention, the foregoing description of the
preferred embodiment should be taken by way of illustration
rather than by way of limitation of the invention as defined by
the claims.
[0045] Although the invention herein has been described with
reference to particular embodiments, it is to be understood
that these embodiments are merely 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

claims.
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5. A wafer carrier as claimed in claim 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 noMnétaflic
refractory material at least on the upstream surface of the plate. MCSLLP 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. 8.A wafer carrier as claimed in claim 1, wherein the hub is attached to
the plate to enable the wafer carrier, including the hub and the plate, to be installed in the reactor and
removed from tie/aldtr as a unit. 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 tP dow strgjm dire.cti(%n andgl)'%ctor%ead for introducing one or more reaction gases

r

into the reaction' chambel ARHGHEDr P hER TG SRIEMELENBunding the spindle, the apparatus

further comprising a wéd¢agalaterafsactainmettia litaefbctoeyomptedtiphanftigeoppirritedrriacibging

adapted to mount the wafer carrier on, the spindle with the uggstre?rﬂesﬁjrface of the}E)Iiate facing toward
0 ond

the injector head and With the @o%]nsﬁg\évr?]S RS UFHTE %I ¢ RARG1IBWALARE OFHle heating
elements . 10. Apparatrsdas pexiptesrah giond tvberiete, evimgtheafeafbo icintgeicist onosiaigabdedthe

spindle, the downstreayy guface A RIFlGR 1A% REHEEE ' f89'0RRIhs AR e kg anignts the
heating elements .

in the peripheral region; and

(b) a hub formed separately from the plate, the hub being formed at least

in part from one or more materials other than the non-metallic refractory

material of 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 .

2. A wafer carrier as claimed in claim 1 wherein the non-metallic refractory
material is selected from the group consisting of silicon carbide, boron
nitride, boron carbide, aluminum nitride, alumina, sapphire, quartz,

graphite, and combinations thereof .

3. A wafer carrier as claimed in claim 1 wherein the non-metallic refractory
material consists essentially of 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 claim 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.
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11. A method of processing wafers comprising the steps of: (a) processing a plurality of wafer carriers,
each including a hub and a plate removably attached to the hub, by engaging the hub of eaﬁ"k\/%
carrier with a spindle of a processing apparatus and rotating the spindle and wafer carrierwhile treating
wafers carried on the plate; (b) removing a said wafer carrier, including the hub and the plate, as a
unit from the spindle after said wafer carrier has been processed; (c) removing wafers from each

wafer carrier after that carrier hasb en processed; EVICSLLP (d) repeating steps (a), (b) and
(c) with each wdfer carzg/ Elfgirn%@ﬁf\ﬁﬁ "té?jar@ﬁ&/mf&%leﬁ WateR Qﬂlbgr%;'?m&% AY the

hub from the plate, them @i@@?lﬁ%@@@ﬂé@ﬁfraﬁﬂtﬂwgr&@ﬁﬁ@ﬁmmghﬂ flateuritedhgaamRior a
different hub. 12. A m as claim gd in claim 11 in which the step of cleaning the plate includes

etching the plate. 13 H&i & %l fned in claim 11 wherein the step of treating the wafers includes
performing a chemical vapor deposition process.

8. A wafer carrier as claimed in claim 1, wherein the hub is attached to the
plate to enable the wafer carrier, including the hub and the plate, to be

installed in the reactor and removed from the reactor as a unit.

9. 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, and one or more heating elements surrounding the spindle, the
apparatus further comprising a wafer carrier as claimed in claim 1, the
connection of the wafer carrier being adapted to mount the wafer carrier
on the spindle with the upstream surface of the plate facing toward the
injector head and with the downstream surface of the plate facing toward

the one or more heating elements .

10.  Apparatus as claimed in claim 9 wherein, when the wafer carrier is
mounted on the spindle, the downstream surface of the plate in the
peripheral region of the plate directly confronts the heating elements .

11. A method of processing wafers comprising the steps of:
(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 piate;

(b) removing a said wafer carrier, including the hub and the plate, as a
unit from the spindle after said wafer carrier has been processed;
(c) removing wafers from each wafer carrier after that wafer carrier has
been processed;
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14. A wafer carrier for a CVD reactor comprising a plate of a non-metallic refractory material 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 waféte Expgdsed
at the upstream surface of the plate in the peripheral region, wherein the plate is a unitary slab
consisting essentially of silicon carbide. 15. A wafer carrier as claimed in claim 14 wherein the wafer
carrier has a spindle connection adapted to engage a spindle of a CVD reactor so as to mechanically
connect the plate with zﬂl@aﬁawg epS\(BretlANEl ek Withrraginmalemcrs iRhosiNg tAepindle
connection is adapted wafersosably engage the spindle. 17. A wafer carrier as claimed in either claim
1 or claim 16, wherein the downstream surfa}ce faces iH a downstream direction, and wherein the

spindle connection incldSE LA NGTE HAE AR YaFEBIRANShE BB IRy oM dngorlatg daan
direction. 18. A wafer cletiaimgstbiaipier jmothineh redseeindityupstisan autfiaer feeerivran
upstream direction, an‘iiff/r}eﬁ(iﬂt e hole is tapered such that a diameter of the hole decreases
progressively in the up S dV&tion. 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 spindld 2onnéemFRMA SR G RiBRE Ay 6 8hihbIE BHHchVire sisnaf steasipanfer ally
connect the plate with i@ rriediechimg el pnadiub is formed at least in part from one or more
materials other than silicon carbide. 20. A wafer carrier as claimed in either claim 1 or claim 19,

o e & LorReléhlsa S AN 80T TRILPEAN, Stop drHELARIRCAR Ao I

claim 20 wherein said one or more metals are selected e group consisting of molybdenum,
tungsten, rhenium, corfisiHgesrReierainga¢heioyeaherpor. dopgsiliafeprzneies.as claimed in claim 20
wherein the hub includes an insert at least partially defining the spindle connection, the insert being
formed from anidsert Aalefel saftesrtharas@idDoreactonosenpeéiss a plate of a non-metallic

refractory material 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,
wherein the plate is a unitary slab consisting essentially of silicon carbide.

15. A wafer carrier as claimed in claim 14 wherein the wafer carrier has a
spindle connection adapted to engage a spindle of a CVD reactor so as

to mechanically connect the plate with the spindle .

16. A wafer carrier as claimed in claim 15 wherein the spindle connection is

adapted to removably engage the spindle.

17. A wafer carrier as claimed in either claim 1 or claim 16, wherein the
downstream surface faces in a downstream direction, and wherein 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.
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23. A wafer carrier as claimed in claim 22 wherein the insert material consists essentially of graphite.

24. A wafer carrier as claimed in either claim 1 or claim 19, wherein the hub comprises an jnsg 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. 25. A wafer carrier as claimed in claim 24 wherein

the insert is press fit into the opening. 26. A wafer carrier as claimed in claim 24, wherein the insert is

formed from graé)éwite.é%r. A wafer carrier as claimed in claim 24 wherein the opening in the central
twe

region extends Wi SRt as HlRBIRALR SR dalthes soRRRIG A EP A2 RISk ned in
claim 27 further includiggpareagipiieastrapially, avemyipdbaingrinachidhed pererie sytiase of the

plate in the central region.,29. A wafer, cayrier as claimed jn claim 28 wherein the cap is formed from
L eRihe b HE: alaparly

silicon carbide. 30. A W&IEY TalTiPls NG SBIRISEANARSUGP ROSRIGAIP B WRIRSert. 31.
A wafer carrier as clairseitdtectzin GUDvhesetortbe espanktirairisallyeaninac e preadstthgieon, the
threads of the cap be'ré%%%’Pé'%%eedrete?n%ﬂg%ebt%efmﬁg SPlhs '{?1585% from one or more

materials other than silicon carbide.

20. A wafer carrier as claimed in either claim 1 or claim 19, wherein the hub

is formed at least in part from one or more metals.

21. A wafer carrier as claimed in claim 20 wherein said one or more metals
are selected from the group consisting of molybdenum, tungsten,

rhenium, combinations thereof, and alloys thereof .

22. A wafer carrier as claimed in claim 20 wherein the hub includes an insert
at least partially defining the spindle connection, the insert being formed

from an insert material softer than said one or more metals.

23. A wafer carrier as claimed in claim 22 wherein the insert material

consists essentially of graphite.

24. A wafer carrier as claimed in either claim 1 or claim 19, 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.

25. A wafer carrier as claimed in claim 24 wherein the insert is press fit into

the opening.

26. A wafer carrier as claimed in claim 24, wherein the insert is formed from

graphite.

27. A wafer carrier as claimed in claim 24 wherein the opening in the central

region extends between the upstream and downstream surfaces.
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32. A wafer carrier as claimed in either claim 1 or claim 19, wherein the hub is removably attached to
the plate. 33. A wafer carrier as claimed in either claim 1 or claim 19, wherein the hub includes an
upstream hub element, at least a part of the upstream hub element overlying a portion of the LMQt?éél%
surface of the plate in the central region and a downstream hub element, at least a part of the
downstream hub element overlying a portion of the downstream surface of the plate in the central

region so that af Jeast a parg of the.central region of the plate is clamped between the upstream and
downstream huégzlem %@*@4‘?%%51%? Eéﬁﬁgé?%énc%mg%fﬂmwgiﬁ FRPALEFRs a central

bore extending betweegrattialypsiegamardudonnsiseane spdaessisitacenifahegian rnghat least one
of the hub elements proéfrzl]gts into the central bore 35. A wafer carrier as claimed in either claim 1 or

claim 14, wherein the 8 r% %‘?ﬁjgfﬁntially circular. 36. A wafer carrier for a CVD reactor comprising:
(a) a plate havin oppositel¥- facing upstream and downstream surfaces, -23 - MCSLI.P the plate
|

having a centraPregior aNaTa SR HRERS RAIRSAR ¢lRie REWHPIRMdhBRaM (SRS fEeMpted to
hold a plurality of wafeggiexpesgeidéthe upstream surface of the plate in the peripheral region; and

30. A wafer carrier as claimed in claim 28 wherein the cap is secured to the

insert.

31. A wafer carrier as claimed in claim 30 wherein the cap and the insert
each include threads thereon, the threads of the cap being configured to
engage the threads of the insert.

32. A wafer carrier as claimed in either claim 1 or claim 19, wherein the hub
is removably attached to the plate.

33. A wafer carrier as claimed in either claim 1 or claim 19, wherein the hub
includes an upstream hub element, at least a part of the upstream hub
element overlying a portion of the upstream surface of the plate in the
central region and a downstream hub element, at least a part of the
downstream hub element overlying a portion of the downstream surface
of the plate in the central region so that at least a part of the central
region of the plate is clamped between the upstream and downstream
hub elements .

34. A wafer carrier as claimed in claim 33 wherein the plate has a central
bore extending between the upstream and downstream surfaces in the
central region, and at least one of the hub elements projects into the

central bore.

35. A wafer carrier as claimed in either claim 1 or claim 14, wherein the plate

is substantially circular.

36. A wafer carrier for a CVD reactor comprising:

(a) a plate having oppositely- facing upstream and downstream surfaces,
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(b) a gas flow facilitating element projecting from the upstream surface of the plate in the central
region. 37. A wafer carrier as claimed in claim 36 wherein the plate has a central axis and %ﬂ% flow
facilitating element has a perimeter surface in the form of a surface of revolution about the central axis.
38. A wafer carrier as claimed in claim 36 wherein the gas flow facilitating element has a perimeter
surface having a generally concave profile. 39. A wafer carrier as claimed in claim 36 wherein the gas
flow facilitating element has a perimeter surface having a generally convex profile. 40. A wafer carrier

as claimed in claim 36!0hBIRIR BRYGSaIGRNERNITRRIRG eRtRNSTRDS RLIGHIVT 188 Rials bawing

centimeter. 41. Chemigaifgppoidingdeiinnapaaspies tomelisng ararg igneianksheseriagie
mounted within the reﬁtion chamber fo rotat}gg about an axis extending generally in an upstream to

downstream direction, !B HHEUGR MUY REGIJaa R R DM IBRREFPRELRETIR R to the reaction
chamber, the apparatub)fargus fiompssintatiny aienteatiprais slagnesnntalaim e dhe suafgcsarier
being adapted to mougﬁ to ¥h{;~ s&iﬂﬂle witgﬁtpe qutream surface of the plate facing toward the injector
head and with the gas k) eg%%\ %nrﬁg ﬂa‘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 g4s floft WRiRaERGilepgesigimed in claim 36 wherein the plate has a central
axis and the gas flow facilitating element has a perimeter surface in the

form of a surface of revolution about the central axis.

38. A wafer carrier as claimed in claim 36 wherein the gas flow facilitating

element has a perimeter surface having a generally concave profile.

39. A wafer carrier as claimed in claim 36 wherein the gas flow facilitating
element has a perimeter surface having a generally convex profile.

40. A wafer carrier as claimed in claim 36 wherein the gas flow facilitating

element has a height of less than one centimeter.

41.  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 36, 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 lying 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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