WO 2012/ 021370PCT/ US2011/ 046567 1 ENHANCED WAFER CARRI ER CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] The present application is a continuation of US
Pat ent Apwbi2esta2esvoSeri al No. 12/855,739, filed August P8r/uR0M1Q/ 04456

di scl osure of which is hereby incorpotated by reference herein. BACKGROUND
OF THE | NVENTI ON [ 0002] The present invention relates to wafer processing
apparatus, to wafer carriers for use in such processing apparatus, and to

met hods of wafer processing. [QERAILEMaNYASEM Condyat or devices are fornmed by
epitaxial growmh of a sem conductor nmaterial on a substrate. The substrate

typical ly i“SO&ScRySHRANGInOmBEepTal Mt oHm of a disc, commonly
referred tqea91q "Wah&l . H EQEnEXaN18.cadeNhCcess f ar medy f 1 amGoppoypd ps
sem conductors such as FL-V sem conductors typically are formed by grow ng
successi ve PRayetrs drtitetdonpobatisenmNoondddéfor, Us¥ng fieeal drgawi cl3/

chem cal vapep, deposi td4;Qn19k, T MOCYP. " iRt hiis PrOCEss. i%*&%r?@&{éd ang,
exposed to a conbination of gases, typically including a netal organic
conpound arg¢farsoveececwsfima group V el enent which flow over the surface of
the wafer whi-kerther Waf ersd spRipE@ned at an el evated tenperature. One
exanple of a Ill-V sem conductor is galliumnitride, which can be forned by

reaction ofl08A2br ganbrgabkeemmcorpuantdiand ravfbas a ton e Subspreates hiawi ng a
sui tabl e C%ﬁ%%t'é‘}t!tcoe spackng. . as §.r xanple, & sapphire W@giing

Typi cal ly, wafer is maintained at a tenperature on the order o

500- 1200 Cagupriraguteposi ticomedhodgal ¢f um st prdecandny el at ed conpounds.
[0003] Many semiconductor devices are formed by epitaxial
growth of a semiconductor material on a substrate. The

substrate typically is a crystalline material in the form of a
disc, commonly referred to as a "wafer." For example, devices
formed from compound semiconductors such as ITI-V
semiconductors typically are formed by growing successive
layers of the compound semiconductor using metal organic
chemical wvapor deposition or "MOCVD." In this process, the
wafers are exposed to a combination of gases, typically
including a metal organic compound and a source of a group V
element which flow over the surface of the wafer while the
wafer 1s maintained at an elevated temperature. One example
of a III-V semiconductor is gallium nitride, which can be
formed by reaction of an organo-gallium compound and ammonia
on a substrate having a suitable crystal lattice spacing, as
for example, a sapphire wafer. Typically, the wafer 1is
maintained at a temperature on the order of 500-1200° C during
deposition of gallium nitride and related compounds.

[0004] Composite devices can be fabricated by depositing
numerous layers 1in succession on the surface of the wafer
under slightly different reaction conditions, as for example,
additions of other group III or group V elements to vary the
crystal structure and bandgap of the semiconductor. For

example, 1in a gallium nitride based semiconductor, indium,



[ 0004] Conposite devices can be fabricated by depositing nunerous |ayers in
succession on the surface of the wafer under slightly different reaction
condi ti onsp 20ar/(R0370exanpl e, additions of other group || PCOMUSII00R6SY7

el enents to vary the crystal structure and bandgap of the sem conductor.
For exanple, in a galliumnitride based sem conductor, indium WO

2012/ 021370PCT/ US2011/ 046567 2 al um num or both can be used in varying

proportionzhonvany therbandgap mef khe seM eopdUCtopAL$en Pot YRS, Amd-type
dopants can be added to control the conductivity of each |layer. After all

of the seniésAdaEt 6F FAYefSTHEAIUTESR -f ofE@ aRd L YPypPEalt yyPafdgrants

appropri at el gct L0 acd s havenbeen,app! i-£d,, to'}e_e\é@fleﬁaizér cutpa #nt,0
i ndi vi dual devices. Devices such as light-emtting diodes ("LEDs"), |asers,
and ot her élléct Péni EhandSept et &ttani dadeviscesatgan beet abfeeeaed 30t hi s

way. [0005kkn;a,typical schem cal Vapor. depasidion RILQEESSs MUMRL Oys paf ers

are held on"a device comonly referred to as a wafer carrier so that a top
surface of apad¢hedaf &hei sraggposed &tt t et a opndurifee ofevilseswaf ebeclaras er .
The wvafer carhiersis then.placed, i ntigqasr epglHon, chapber, and gai iaiyed at
the desired tenperature while the gas mxture flows over the surface of the
waf er carriegectrenis jamporerdmeltcgtmanataidevdnefordarcohdi tfiadrrd catedl |impoi nt s
on the top.syrfaces of the various wafers on the carrier during the
process. Mnor variations in conposition of the reactive gases and in the

t enper at ur 408051 he waf era stvbaces cdusecgddeseped EaHcatitons impredrss,

br oper ti es of, Lhe. r ool 1] g Se GopAuCt gL, eV &8y FQL SXaDPLEs id A gal lium

r
and indiumnitri ‘g% ‘?ayer i's deposited, variations In-wa surface
t enper at ur @aviek| ceauservapi ataons tnpt hertarpost t earh andf vandyapxofsdche

deposited Layer, §§§a%§9f£c%dio%mtﬁéswgfé§' atiyvely hié[%'é V&Eg!& PLESSUr &, the
deposited layer w ave a lower proportion of ‘i ndi um'and a greater
bandgap i nthkoseoraegiconsntof bheramafteonwhErantchre sud f asént @hpet abur ehes

hi gher. 1f the depasited |layer i.s. an tive, light-emtting |ayer aof an LED
structure, dteﬁérggn' gtselm&)nerv?/at\l%ﬁen“é}%]hleof %ﬁﬁe {Ebs mgéitrc%%l ftilc?r‘ﬁ%t h8¥\e/v§f %rhewi N
al so vary. sThuscecositder ald &= ef foartidas been ideviotmd tiamtt e andidteriet of or e

towards maintaining uniformconditions, [0006] ne type of QYD apparatus

whi ch has Béeni ngy Accdpt ed i i Itth ifdbstry §'S described " “for’exaimpl e,

in US WO 2012b0213FHCE US2011hke046567ier during the process. Minor
variations in composition of the reactive gases and in the
temperature of the wafer surfaces cause undesired variations
in the properties of the resulting semiconductor device. For
example, 1f a gallium and indium nitride layer is deposited,
variations in wafer surface temperature will cause variations
in the composition and bandgap of the deposited layer.
Because indium has a relatively high wvapor pressure, the
deposited layer will have a lower proportion of indium and a
greater bandgap 1in those regions of the wafer where the
surface temperature is higher. If the deposited layer is an
active, light-emitting layer of an LED structure, the emission
wavelength of the LEDs formed from the wafer will also vary.
Thus, considerable effort has Dbeen devoted in the art
heretofore towards maintaining uniform conditions.
[0006] One type of CVD apparatus which has been widely

accepted in the industry 1is described, for example, in US



3 Patent ApplicationPublication No. 2010-0055318, the disclosure of which
is hereby incorporated by reference herein. Apparatus according to certain
enbodi menwe 28teem37on t hi s publication uses a wafer carriper/useottiogsstor m of a
| arge di sc with nunerous wafer-hol ding regi ons, each adapted to hold one
wafer. The wafer carrier is supported on a spindle within the reaction
chanber so that the top surface of the wafer carrier having the exposed
surfaces ofpatherwaf efpifiagesonpwandbyitomesd a gas g sdrddautsien el emrnt.
Wiile the spindle is rotated, the gas is directed downwardly onto the top
surface of HHRELAAPE? c&f ri"8rCdnd 1Fl 08T 8RY st HEA'Gh Sur PAce” B BWe <t he
periphery ok the wafgf cattienccdhe:Msed, 9as i si.evasaisgd fi-omdhe rieaction
chanmber through ports disposed bel ow the wafer carrier. The wafer carrier
i s maint ai fédSaPubhecdest eds el evat @bt efperdtiure By chddtimg fel e meitas,
typically elieetical nhgsiGld VR deahbng: &) erents i spesedqbst ow the, o t om
surface of the wafer carrier. These heating el enments are naintained at a
t enper at ur @'gbgvéct he Hesitad enperarure ofPrte aWafer asapfages, "vilereas
the gas di stributian gl enent,Lypicalhy:ispaaingai pedeat, a tenper afurg wel |
bel ow the desired reaction tenperature so as to prevent premature reaction
of the gasé&arrTher efdrielg heae i exposasf eurédctponyt heheesivefeye higdtdang
el ement to the hottom surface ofykhe;waf of, card jer andyf i ows, upvardly
t hr ough théﬁ)wafer{?car r?fe{{r tf)é%tsheli ngll%\?%ua wafers. [ 0007 ﬁt%o%%h
consi der ablie eféortethas theensdevdtseddinettred adowhepedbf oragtico desi greran
optim zati Q uch te still. fur re;lMRr qye t u b g:l_@c}g'!rabl e.
In parti cufggrr, gf(tg \%\/ou %ébeggeersiér% ]%leertéa1 gi(raoviogg %\ét ?2? B}Sr{l\?f%%%n% of =
t enper at ur ¢caerdsshehe@esuphace of &adehwadker caandebet t Ehet ervper atawr e
uniformty r h ti rier | EF Y T | ON
[0008] One” S2RBATTET TRG pr GGent "F Ryent | 60 3P ovi 84 HEhONS 61 b HCOLE ng
waf ers. A meehod &ceomdifry terthes. aspeet wofer Wonrrier is maintained at
2012/ 02137%%9/ UO§62801_]f]é/d046€%[6€7Va%etdhe éenveer_‘lftalt(l)lgeqe%yr ab}llé/ai'! 'nDC| Udgfer%ehr}ec SS,t eps
of rotating a carrier about an axis. e carrier‘has a p]ltﬂ'all y of t'he
waf ers di sposedal her ebectwiitdalt gpssurfacescafintche wakers flaspoged roadwpwar d
direction paralLel Lo theaxis. o The method. desirably inclydes suppart]ng
the wafers on upward]lqy-flam ng supporte surfaces 6f ‘the carri&r duri nggthe
rotating stépmandscenst rainiteg nehe avaf er 3 cagairastrepwande movened s away from
t he supportt Isnurfagers duroifng tﬁ]e r ot %'%i ng strefo,ceass we‘lﬂllerasatregﬁi ng tr]ge
waf ers durifgPERe POt atifhg st'ep. THESfreatl'ing §ep nBY™iT ude™tr arfsierri ng
heat from theteannt &sn t @ drleentwafgricalFor iexaapheai@echetm sat emapoature
deposi tion _process as, di scussed above can be perfornmed duri the rotating
o, The HBCROGEIEE: FIB S oF aF FRePoPREF Geb PG LTEh G Cinort AR he
waf er s agaipretatadé al repyemnt anay:i¢ onyddes axi s dwsidpridhe redat i ng st ep.
In preferred nethods_ accordj ng to this aslgect, of the ir%ventiqﬁfn, .
const r ai ni hg2LAESHRTSr §TAYal NSt T EphaT 07 hovetet? 1518 A et 6F" waf er
di storti onsorrheat oifr ansf era et weean itthe gar r f efwaneheinwafernsugand dhus
i mproves uniformty of wafer surface tenperature as further discussed
bel ow. wafer cafrier to the 1ndividual wafers.

[0007] Although considerable effort has been devoted in the

art heretofore to design an optimization of such systems,

still further improvement would be desirable. In particular,

it would be desirable to provide Dbetter uniformity of

temperature across the surface of each wafer, and Dbetter

temperature uniformity across the entire wafer carrier.

BRIEF SUMMARY OF THE INVENTION

[0008] One aspect of the present invention provides methods

of processing wafers. A method according to this aspect of



[ 0009] A further aspect of the invention provides wafer carriers. A wafer
carrier according to this aspect of the invention desirably includes a body
havi ng opwo=btai2y37haci ng top and bottom surfaces, the bedy/usamiingssar
plurality of pockets open to the top surface of the body. The carrier
preferably defines an upwardly-facing support surface disposed bel ow the
top surface of the body within each pocket. Mst preferably, the carrier
accordi ng t@ct hi svaspest abstheripventhoneincliudesbosks,rassgehated wth

t he pockets. Each | ock desirably has a downwardly facing | ock surface. \Wen
the | ock i $3FA18A GPErAt iPve PosiI-ti oet RRTFbek 8aff dcdlexendy okt oy
above the gssectapedopackeinsechhatca web ey disRased iRt NerPOCKE] i
resting on the support surface will be at WD 2012/021370PCT/ US2011/ 046567
5 | east parfti at®yveuastr dlifedtagai mtradpRar d rovefexisy t héPodkeSn ace.
[0010] A wafericahilernacaardi ngobeaifyrther aspact of LBg.laventiony

i ncl udes a body havi ng opposi telpy-fam ng top and bottom surfaces extendi ng
i n hori zontsaPrart eétréngcandt atpe urarfigr ofupbrk etz opeirtiga e o nd
surface, eaghssugh,pocket. being adaptied tohald avaf&l: wiid, atap s face
of the wafer exposed at the top surface of the body. The body desirably

i ncl udes aswRPATpoBET BIcEordved nBr hrar Pt astnaretted, aleshaeil hgaa frestincher nal
conduct i vi Prefecabl .y, -t.h [ 1.0 S Vv ' -.ext Y | es
T ned wi Thet R ockera " and Tne body Further i nludes tinor BoFt 1 Hs

di sposed i nnchedaot esnofentiaomaeat pbdrom onhe T niieoit opohei vaseps ef ércabl y
are formed fr seco i Vi ; nd | _con Vit

hi gher thar?xfaﬁlghgi rga}t '? gﬁn% Icg)r?1 &%ti@%@s.lﬁ%gl bg%g%n%ﬁ fa(l%rtﬁgér:&;lé/ngc dyude a
verti cal | yaéxtenseve beheemdabrivad r ferijpet Weenr ¢thet el refyEer-t | orheandetdach

m nor port 'd%@irgﬁf tﬂﬁfb L barhlgrs Lpbi ?ﬁéf;% N Cc%gu%lé%%'i%ngftﬁee%fe’}s

hori zontal “diféections between the main portion and the m nor portion.
[0011] A wafegricatr rediacoordinegtt ewyet famottier aspectuirahgt heei nventiron nmay
i ncl ude a havi_n in rtions .and mnar_portions, and di t |1y
has a vertiggg%él'y-efx g%%%veem%%r dnee%hﬁgr%t iagr?oﬁgtl\r}\geﬁot %éursra?anspﬁ%?t ioglnch%d each
m nor port iierenThen borcdestpeihions tdesi vabdnys hageihber madwaconductemdrtty i n
the vertical dicection difierent fromdhe thermpl conductivity, of 4he main
portion. [ GTﬁ%et Ahother aSpedt of“tHe IPAVERtToN provi des

between the carrier and the wafers, and thus 1improves

uniformity of wafer surface temperature as further discussed

below.
[0009] A further aspect of the invention provides wafer
carriers. A wafer carrier according to this aspect of the

invention desirably includes a body having oppositely-facing
top and bottom surfaces, the body having a plurality of
pockets open to the top surface of the body. The carrier
preferably defines an upwardly-facing support surface disposed
below the top surface of the body within each pocket. Most
preferably, the carrier according to this aspect of the
invention includes locks associated with the pockets. Each
lock desirably has a downwardly facing lock surface. When the
lock is in an operative position, the lock surface extends
into or above the associated pocket so that a wafer disposed

in the pocket and resting on the support surface will be at



treatment apparatus incorporating wafer carriers as di scussed above. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0013]FIG 1 is a sinplified, schematic

sect i onalwoizen/deyoct i ng chem cal vapor deposition appaParas20in/0as6Dr dance
wi th one enbodi nent of the invention.5 WD 2012/ 021370PCT/ US2011/ 046567 6
[0014]FIG 2 is a diagrammatic top plan view of a wafer carrier used in the
apparatus of FIG 1. [O015]FIG 3 is a fragnentary, diagranmatic secti onal

vi ew taken 1abaRg J4:18 2313 18b:fGaiZeadenalishy &R WAl 6 EALT ebyi Mne
conjunction with a wafer. [0016]FIG 4 is a fragnentary top plan view
depi cti ng gock surface.

[0010] A wafer carrier according to a further aspect of the
invention includes a body having oppositely-facing top and
bottom surfaces extending in horizontal directions and a
plurality of pockets open to the top surface, each such pocket
being adapted to hold a wafer with a top surface of the wafer
exposed at the top surface of the body. The body desirably
includes a main portion formed from a first material having a
first thermal conductivity. Preferably, the main portion has
vertically-extensive holes aligned with the pockets, and the
body further includes minor portions disposed in the holes of
the main portion. The minor portions preferably are formed
from a second material having a second thermal conductivity
higher than the first thermal conductivity. The body may
further include a vertically-extensive thermal barrier between
the main portion and each minor portion, the thermal barriers
inhibiting conduction of heat in horizontal directions between
the main portion and the minor portion.

[0011] A wafer carrier according to yet another aspect of
the invention may include a body having main portions and
minor portions, and additionally has a vertically-extensive
border portion between the main portion and each minor
portion. The border portions desirably have thermal
conductivity in the vertical direction different from the
thermal conductivity of the main portion.

[0012] Yet another aspect of the invention provides
treatment apparatus incorporating wafer carriers as discussed
above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a simplified, schematic sectional view
depicting chemical wvapor deposition apparatus 1in accordance

with one embodiment of the invention.



portion of the wafer carrier of FIGS. 2 and 3. [0017]FIG 5 is a
fragnmentary view on an enl arged scal e depicting the region indicated in
FIG 4. [wWOR8i#i@G706 is a viewsimlar to FIG 3 but depcritisagibhassnal er
carriers and wafer of FIGS. 1-5 during a different operating condition.
[0019]FIG 7 is a viewsimlar to FIG 6 but depicting a conventional wafer
carrier and wafer in an operating condition simlar to that of FIG 6.

[0020] FI G [%ohaga f regnent ary Soﬁiﬁ%@-@rﬁrﬂé@% deph ching aivpf ek Garfd@rr
according to a further enbodinment of the invention. [0021]FIG 9 is a
f ragment ar Fo§EEEF ongtd vilew6n 28R ent &F ¢fd Fd&al é-t aken along line 9-9 in

FIG 8. [0G33h5hG 10rds A ify a0menbALy e Se¢! | @Na)r Mh@WieNs8Btional view
taken along line 3-3 in FIG. 2, depicting the wafer carrier in
conjunction with a wafer.

[0016] FIG. 4 1s a fragmentary top plan view depicting a
portion of the wafer carrier of FIGS. 2 and 3.

[0017] FIG. 5 is a fragmentary view on an enlarged scale
depicting the region indicated in FIG. 4.

[0018] FIG. 6 is a view similar to FIG. 3 but depicting the
wafer carriers and wafer of FIGS. 1-5 during a different
operating condition.

[0019] FIG. 7 i1s a view similar to FIG. 6 but depicting a
conventional wafer carrier and wafer in an operating condition
similar to that of FIG. 6.

[0020] FIG. 8 1s a fragmentary top plan view depicting a
wafer carrier according to a further embodiment of the
invention.

[0021] FIG. 9 1is a fragmentary sectional view on an
enlarged scale taken along line 9-9 in FIG. 8.

[0022] FIG. 10 1s a fragmentary sectional view on an
enlarged scale taken along line 10-10 in FIG. 8.

[0023] FIGS. 11, 12, and 13 are fragmentary, diagrammatic
sectional views depicting portion of wafer carriers in
accordance with further embodiments of the invention.

DETATILED DESCRIPTION

[0024] Chemical wvapor deposition apparatus in accordance
with one embodiment of the invention includes a reaction
chamber 10 having a gas distribution element 12 arranged at
one end of the chamber. The end having the gas distribution
element 12 1is referred to herein as the "top" end of the
chamber 10. This end of the chamber typically, but not
necessarily, 1is disposed at the top of the chamber 1in the

normal gravitational frame of reference. Thus, the downward



enl arged scal e taken along line 10-10 in FIG 8. [0023]FIGS. 11, 12, and 13
are fragnentary, diagrammtic sectional views depicting portion of wafer
carriers wo2aoaizfance with further enbodi ments of the iPovarsteion46SBETAI LED
DESCRI PTI ON [ 0024] Chem cal vapor depo3%ition apparatus in accordance with
one enbodi nent of the invention includes a reaction chanber 10 having a gas
distribution elenment 12 arranged at one end of the chanber. The end havi ng
the gas di stikbbuibena&lermentncl2ihs reefesred 4o haneichigs Lhey "tamn w@nd of

t he chanber 10. This end of the chanber typically, but not necessarily, is
di sposed at92fhedtdpridfutiRe chb®MBIt | A2 he'ifoiardl  gRavitPatir6naf ¥ @ of
reference. ;Thus, the dawnvard.MQ,2012/021370PCTLES2011/ 046567 71di ragt i on

as used herein refers to the direction away fromthe gas distribution
el ement 127igkéreasiehe GpRALALt di rleet i ohcdRIEESt 0 Phe dilcéEeron %4aSs n t he

chanber, touacd:ibes gas i strbhuki opgl eqrat 42, 1egardless gf whether
these directions are aligned with the gravitafional upward and downward
di recti ons do8pniFar | §iretHe onsop” afdmtbattonm' S f d¢e® " of aefentrlis At'e

described hereLp.w th raference Lo thednags of fehergnee ofrLhanber 10 and
el ement 12. [0025] Gasdi stribution el ement12i sconnected to sources 14 of

gases to bé&hgsédang ehe<d¢dDeprocesschairgy d9 andaet¢esntgads -and react ant

gases such 858 50Uree, of (2, BrOUR bl Elalond vpisal Ly a diptaloLganic,

conpound, and a source of a group V elenent as, for exanple, ammonia or
ot her groupovrhgdridecf Thesgrastailst riped i on EleneM Pxo@Isangadht @sr ecei ve

t he Vario“%?%g§g§ gnd difect, A hlo a9£39§%§€%n9%ﬁ%%%kk¥ stéhgr rd

di rection. as distribution elenent 12 desirably is also tonnected to a
cool ant syskemli6 tapriaaged boreitedéokaseia Ebpgedwhdhroughat keugas of a

di stributi e t S 10 I nt aj t ure o nt, at a
desired te%%gﬁ tg?%lﬁﬁgﬁﬁgéﬁkepg%?o%5g8%g§b9§§%%5?é éﬁéogg%%fpggggﬁj$% an
exhaust sys$tvemid8. ar Fangedst 01 sentwe igpertlegasesifr enraheged nterioreiofe t he

chamber th.rt%%gbfag%ﬁé ot Sa*?a%f"‘%)iré&oé ey dhe hottomof 1he champer so
as to permt continuou %?OM/O gas I'n the domnﬁ%r& élgec 10N ¥ron1 e gas
di stri buti clowvelvengntii r§&026].A dpendbe 20stsitartriamgedewethhi h2t des oheriyer so
that is also connected to a coolant system 16 arranged to circulate
a liguid through the gas distribution element so as to
maintain the temperature of the element at a desired
temperature during operation. Chamber 10 1s also equipped
with an exhaust system 18 arranged to remove spent gases from
the interior of the chamber through ports (not shown) at or
near the bottom of the chamber so as to permit continuous flow
of gas 1n the downward direction from the gas distribution
element.
[0026] A spindle 20 is arranged within the chamber so that
the central axis 22 of the spindle extends in the upward and
downward directions. The spindle has a fitting 24 at its top
end, 1.e., at the end of the spindle closest to the gas
distribution element 12. In the particular embodiment
depicted, the fitting 24 1is a generally conical element.
Spindle 20 is connected to a rotary drive mechanism 26 such as

an electric motor drive, which 1s arranged to rotate the

spindle about axis 22. A heating element 28 is mounted within



the central axis 22 of the spindle extends in the upward and downwar d
directions. The spindle has a fitting 24 at its top end, i.e., at the end
of the spvodbe/mizsest to the gas distribution el ement PRT/USROMINGS67
particul ar enbodi nent depicted, the fBtting 24 is a generally conical
el ement. Spindle 20 is connected to a rotary drive nmechani sm 26 such as an
electric notor drive, which is arranged to rotate the spindle about axis
22. A heating elemeat 284 surednhed wg&hame YO 2Q13/,021370RECTHWS2014/046567
8 the chanber and surrounds spindle 20 below fitting 24. The chanber is also
provi ded WRMRAT opehab? EPoMrIBIEEr VhSler t3bn AFdPéfovaProf Haf eoT
carriers. Thestoregoi ngh gl enmnt,a1 mayr bg, % :copyenptdonal CQH%'[ rP&Eégﬁflngor
exanpl e, suitable reaction chanbers are sold commerci al under t
regi st er ed StLeadehar WaTUMfSCC%‘?VWGﬁIaIlnS%QWWF§lODnc IGIr PR&RASwW, New
York, USA, casshgpee I%facwgnpr&%%fer@ppgfecagb@@ c[o%%zmmh%naggractﬂeve
condltlon depicted in FIG 1, a wafer carrier 32 is nounted on the fitting
24 of the gprAdrereTherwdferrcaf YRR Ias & stearet ubestuhineh tisncllides o body
generally i.uhe: Lor MAf .41 T euhars dlsmdiaingae Saaeal Aaxhs 28 6x! endi ng
per pendi cul ar to the top and bottom sur aces. The body of the wafer carrier
has a firstlOR87dr surfraceher eberpedve oCﬁéﬁetmfasdtﬂlﬁiec%@pins@rlf@acé 34 and
a second ngjor, surface, {eferred 1o hefein as;the, bottont, surface;36. The
structure of the errcar rlfer CS(jﬂso dhas afitti ngn%Q arranged to engage the
fitting 24 Tok t\h@f@m rdlreiand tas hel dsthecthody ohithe Mweflexdesarai érodon t he
spi ndl e wi he,iop.surfiace, faci _p Y Loward the gas distribution
el enent 12%“’% % tﬁeléot{%m sgé?age g% a%l:\?ﬁngél doévngv:gr gﬁy t%vvgar dg eaté{l ng
el enent 28aand ahayekrondife gasrmistiGubati orroel erent .tdver elnd bywavaapnof
exanpl e, carfier, y e t diangt er. t he
t hi ckness %f% \ﬁﬁég%arrlir bet%e%g?%%gsﬂ’rg?gge §§§and (%tstomr%ur%f ace 32 may
be on the (srudéacef 18f9rnedl kn theeepartascultar Bndyoti penfadd | a4t raned,a t he
fitting 39 isclarmed,as g feustoconieal denression;in fhe bt tAmsurface of
t he body 32" “Fowe rj, described
copendi ng, csolmﬁenéya%gm gnﬁcﬂJSParmmebl<i>f;ath@nwa|®er2@@9{@&556280Alhfast e
di scl osure of mhlc s _hereb i.ncar por at fere e r t he
structure may i-Rel E’ae arrﬁ‘uge%{or med 'seépar gg&l flftr onet %(ezl Bod tEhaendslcfjhnoufe tting
may be i ncamplomat edldntsechody hub. t A smfdrh@aammbrgunath@nspindm Wittt | ng
wll depen%h% BeSSPPfI§Q£PL&£Hn%fu%agrg &rggﬁgrd the gas distribution
element 12, with the Dbottom surface 36 facing downwardly
toward heating element 28 and away from the gas distribution
element. Merely by way of example, the wafer carrier body may
be about 465 mm in diameter, and the thickness of the carrier
between top surface 34 and bottom surface 32 may be on the
order of 15.9 mm. In the particular embodiment illustrated,
the fitting 39 is formed as a frustoconical depression in the
bottom surface of the body 32. However, as described in
copending, commonly assigned Us Patent Publication
No. 2009-0155028 Al, the disclosure of which 1s Thereby
incorporated by reference herein, the structure may include a
hub formed separately from the body and the fitting may be
incorporated in such a hub. Also, the configuration of the

fitting will depend on the configuration of the spindle.



WD 2012/ 021370PCT/ US2011/ 046567 9 [0028] The body desirably includes a main
portion 38 fornmed as a nonolithic slab of a non-netallic refractory first
mat eri al we,20f2n13Ranpl e, a nmaterial selected fromthe groas2aonsdssti ng of
silicon carbide, boron nitride, boron9carbide, alumnumnitride, alum na,
sapphire, quartz, graphite, and conbinations thereof, with or without a
refractory coating as, for exanple, a carbide, nitride or oxide. [0029] The

body of thegoeeaglier ﬂeélkrtf‘as] dcRLYEBL it ynOfuddd GUlAN nPReket sn 493 opedP the
top surface. As best seen in FIGS. 1 and 3, the nmain portion 38 of the body

defines a $§bsfanteettiyfipicanata®opPsury aélé?“?:metél'hblcrralrﬁfﬁé}??%h 38 trds

hol es 42 exfeading Lhrough thenpain popbioniafromdhed opsurdrace; 340 the
bott om surface 36. A m nor ortion 44 is disposed W thin each hole 42 The

m nor portiCORSAAt g peSedin EAR nCeakhdtol BOHRT | AEST B9/ 0 FurfHce U6 of

the pocket 4Q.,:hhg fliaon gsurface el ngsrecessed behow the,tepisurfagg 34.
The minor portions 44 are formed froma second naterial, preferably a

non- met al | ic@MPéhphtey Yt iteteeti al"1€bnst st e wi %llqué@ﬁt@avbi?@l@tlrtﬁbr&ﬂl

nitride, borQnecarbide,, alymipum mm&g%la'oemea sapphire, quartz,
graphite, and conbinations thereof, with or without a refractory coating

as, for exd®fRE] a cHrdbi dedyniefi déeor Caxi o Téizeeornl r@évéﬁiaWdésﬁ rably
is di ffere%ﬁrfcwg}t,?&ﬁé{ssudmép%rn s %%@Sttniaautsh?ﬁ Lhe nai nbsﬁé)r.”ée%%

second material nost preferably has a ther conduct i vi ty higher than the
t hermal comdGéti Vi t yndf 3t heHg reaimmaperiadn Bor exabpd eboleerd@ftlheSrr@l n

portion is ite, LNQr Lport s
silicon car %?éggg%%%@n ort?tg @Ei%gg tﬁe mg?% %%?%I%ﬁr% cooperatl vel y
define the hl@eesom%ueka@redﬂsw ofhtdegtbodyel matine mlrttmrul afrembode mere

depicted in G 35,the l%?ltét QDU %%?f%et@% MRi;N POf LT 9N, 38 LS e

and the bottom sur aces 0 he mnor portirons 44 are copl anar with t

bot t om sur fWacecetdt Retiman nepor t holhg 4. t hdhet hénbot pont sur f &t ed B ased
planar. within each hole defines a floor surface 46 of the pocket 40,
the floor surface being recessed below the top surface 34.
The minor portions 44 are formed from a second material,
preferably a non-metallic refractory material consisting of
silicon carbide, boron nitride, boron carbide, aluminum
nitride, alumina, sapphire, quartz, graphite, and combinations
thereof, with or without a refractory coating as, for example,
a carbide, nitride or oxide. The second material desirably is
different from the first material constituting the main
portion. The second material most preferably has a thermal
conductivity higher than the thermal conductivity of the first
material. For example, where the main portion is formed from
graphite, the minor portions may be formed from silicon
carbide. The minor portions 44 and the main portion 38
cooperatively define the bottom surface 36 of the body. In
the particular embodiment depicted in FIG. 3, the bottom
surface of the main portion 38 1s planar, and the Dbottom
surfaces of the minor portions 44 are coplanar with the bottom
surface of the main portion, so that the bottom surface 36 1is

planar.



WD 2012/ 021370PCT/ US2011/ 046567 10 [0030] The m nor portions 44 are
frictionally engaged with the walls of the holes 40. For exanple, the m nor
portions wayoba2piress-fit into the holes, or shrink-fiteta/usgoinaessng t he
main portion to an el evated tenperaturwe and inserting cold mnor portions
into the holes. Desirably, all of the pockets are of uniformdepth. This
uniformty can be achieved readily by formng all of the mnor portions to

a uni form tioalness Ase fOcxHMi@nsby 491 Rdifg @F 0ROl i $hi Mgk dhe Jidior
portions. [0031] There is a thernmal barrier 48 between each mnor portion
44 and the '$6r rodAdi R rrdteridiesof{G-he haf nepoftion B8 "HeCX heeHaloFarri er

I's a regiop.hayeng, thermml ¢apduehibvinbyekn bhesherhgoptale digectd 0Ny
parallel to the top and bottom surfaces of the carrier, which is |ower than
t he ther malthgomduiet POFEYCHICT P8 ISdER2RAE eF PIEPSIGIt Ullke 2REl ATPOFE1N.CAH t he

particul ar m%*agd%e?mo%pm@@%@ Hd1Gs .3, ﬂe@%r%ﬂ@%@él?%fi%ei@&&&%s a
macroscopi ¢ gap 48, as, for exanple, a gap about 100 microns or nore thick,
formed by argreéveriforhelsill. of htheunaf arport icon 38 dehiArag t9edihol e 42.
This gap copt 8idi%i3q9as 15UGh @s. alfn & Lhe pacass gagses, SNCountered
during operation, and hence has nuch |ower thermal conductivity than the
nei ghbor i ngssolfPd fretiarical v poo8A} Theommultishgngur faceswf ronelianpor
portions 44qgad)mai n-pord i on 38 alsg define partssof,the thermml baryier.
Al t hough these Surfaces abut one another on a macroscopic scale, neither
surface i sppetfiect| y4snworch. threr eforeunchape watkerbelm efosddsi c,main
gas-filled e en r h i ur ; i

al so inpedg%'?ﬁzgﬁa%g\gongﬁgt ittglr?(} Silmg)éa%l%'ltﬂ%% %’g’nzar %%fﬁﬂonﬂ-%%%gqng&%;ﬁﬂrgl
portion 38.con@08B}1Ast beist HwemornzPhGsl lmarmt ipnstheacatieertd urltcherop

i ncl udes | ggks 90, agsqci ated with the pockets. mﬁchogés 120R ecfﬂ%%abé% are
formed froma refractory naterial having thefml condlctivity ichis
| ower t han tihhkemebdndocduatiitwi tef offhéhm hotk porttdorg 44 ahd peéfh epabd yor .oner

than the conductivity,of,Lhe FBLR: ALt Qb e, AL, Hhe Locks WO

barrier includes a macroscopic gap 48, as, for example, a gap
about 100 microns or more thick, formed by a groove 1in the
wall of the main portion 38 defining the hole 42, This gap
contains a gas such as air or the process gasses encountered
during operation, and hence has much lower thermal
conductivity than the neighboring solid materials.

[0032] The abutting surfaces of the minor portions 44 and
main portion 38 also define parts of the thermal barrier.
Although these surfaces abut one another on a macroscopic
scale, neither surface i1s perfectly smooth. Therefore, there
will be microscopic, gas—-filled gaps between parts of the
abutting surfaces. These gaps will also impede thermal
conduction between the minor portion 44 and main portion 38.
[0033] As best seen in FIGS. 3 and 4, the carrier further
includes locks 50 associated with the pockets. The locks 50
preferably are formed from a refractory material having
thermal conductivity which is lower than the conductivity of
the minor portions 44 and preferably lower than the

conductivity of the main portion 38. For example, the locks



may be formed fromquartz. Each | ock includes a mddle portion 52 (FIG 3)
inthe formof a vertical cylindrical shaft and a bottom portion 54 in the
form of awoizorul2a370di sc coaxial with the m ddl e porti onramaspeiojoesss? ng
outwardly away fromthe axis of the nilddl e portion. The bottom portion of
each | ock defines an upwardly-facing support surface 56. Each | ock further
i ncl udes a top portion 58 projecting transverse to the axis of the mddle

portion. Theytope Paikinen | Srdd0t Sy APEL i cakcRbaWoxt hen@xige Of at hepddiddl e
portion 52 ‘Fhe top portion 58 of each | ock defines a downwardl y-facing

| ock surfa@@%@%v«%l ying t e stppdre stifacef56 ofe¥he-dlocky btitdsigaded

apart fromghhersypRoOLt LSUEbACBo T TMS, s£ach {RCkedal i ness ac9ap, 62 hetaveen
surfaces 56 and 60. [0034]Each |l ock is secured to the wafer carrier. As

best seen ICR2FEES. WBLANHLS, MGl Gri kith te- Poridop 52 e6F 1eachut 6eki Y e¥'aggai nst

the wall ofethe chel %x‘l% ig¥ the nRinRrordd.enonlhe Bt Lompor tian ;54 ext ends
into an undercut 64 (FIG 3) in the wall of the hole, so that the lock is

retai ned agaichstover ¢ taenovenenerrelatsviend cﬁ%ﬁ@@rboéyrm% hed wafferch
carrier, and.go fh@%e?h?mg%&é’én Qo%bo%o§@15§5%§ g'}oth@tM&OEr%‘é\f&%% 46 of

t he pocket As seen In 5, the nain portion 38 may have projections 66
ext endi ng itet dﬁeheam‘lcﬁck@f tlﬁ@mmm@l@vapprbiorhol eTa2 soravargipst disn ndve | ock

agai nst movenral i phorizantale disections. LOOIBLVELA Lhe dacksnid dhe

operative position shown in FIGS 3 and 4 top portion 58 of each |ock
projects i maacdby, Towarkd ¢heh canicar 68t pfest he péeketarBachakoek carkbe

turned to an lfggge%@t IO\G%rEQﬂE%GQH%I @u{%’ggfb theetop 9 L0 pieS Ok atbg’qes not

deplctedln en |'ines so that t eto portion
proj ect inwardky tawartd themcenter sobprthe rﬁoukf@tce [003161u'ﬁ1r eeatbcklsocﬁo are

provi ded f ocket ferr tp,herein as an "inner"
| ock, is d:&spgggg %t(%;oel60%%teltg%8Fy?%gfaa{e%a |§ggn§% D50A (FIG 4) fromthe

VO 2012/ 021I3PGPRLT/ US20L1 /1046568 k2 coentr ab akﬁswaseof cahelaarrifr Hyody
which is Ieé%% thgnﬂ%g Cgi{)b an§e gglef Fn?%fh L G ter 59809f ghg Pogkkelt to t he

central axis 25. L0C are "outer ocks whi ch ar e dlsposed at
di st ances fagemmthe ttentwadll aocﬁ stlzé oblehd2cainr i €ere gmeat epotrhannt he Thest ance
Dc fromt h% g nt raI XI s 4) ntl%rtOGS O‘LDEQG pé)cggt Ff(p the par thl cul ar
ar r angement’“depi ct'éd oc2f<s e ‘458cE8 SPATECTF om ohe anot’her at car ound
the periphewylofot he;hpaochene;lo son thaequate sp@ces bet ween iadpacagilocks.

The i nner | ock.50 es o | ne_ R ndi hg throu h the central
axis 25 of tﬁ%lgﬁir fngvené%rgt tﬁeef%elrﬁeer tBd bt Ogy po%k%he e? eas”the two
outer | ockanbObsandtbfc arte dirspased poropposiite Sicdes obnt htiser atlicadr | i ne.

surface 46 of the pocket. As seen 1in FIG. 5, the main
portion 38 may have projections 66 extending into the pocket
from the wall of hole 42 so as to retain the lock against
movement in horizontal directions.

[0035] With the locks in the operative position shown in
FIGS. 3 and 4, the top portion 58 of each lock projects
inwardly, toward the center 68 of the pocket. Fach lock can
be turned to an inoperative position in which the top portion
is rotated as depicted in broken lines in FIG. 5 at 58', so
that the top portion does not project inwardly toward the
center of the pocket.

[0036] Three locks 50 are provided for each pocket 50.
Lock 50a, referred to herein as an "inner" lock, 1is disposed

at a location 1lying at a distance Dspn (FIG. 4) from the



[0037] I n operation, the carrier is |oaded with circular, disc-like wafers
70. Wth one or nore of the | ocks 50 associated with each pocket inits

i noper at iwe 2pgi2ii7on, the wafer is placed into the pocketCrams2ahatesar bottom
surface 72 of the wafer rests on the Bupport surfaces 56 of the |ocks. The
support surfaces of the |ocks cooperatively support the bottom surface 72
of the wafer above the floor surface 46 of the pocket, so that there is a

gap 73 (Fl Gend)rabetween stshe, bottom-surface,ofiyt heivaf ex ardst hehl aore
surface of the pocket, and so that the top surface 74 of the wafer is

copl anar oriféarfy Eopfarar Lhet Rethert 6p Sdr frdce BARGE the 'dar r®tt e
di mensi ons ,af; ot he, car MR | NGl udhag dohe Jacksqyyaser sebegt ed 9 hhat d here

is a very small clearance between the edge or peripheral surface 76 of the
waf er and tHEPREAAI et pditi L SL oM tthe Ic68ksaThexhf ddP eCpob i orr e he

l'ocks thus center the waher within.dhg peckgt 130 that, hhe,di stapce fw
bet ween the edge of the wafer and the wall of the pocket is substantially

uni f or m ar ggndethebperifphehry cfodkee -waf el  [FO038PTHe J ks areahFBiRgiit to

the operatiyg;ipeshlions, sgcidat Lhestop porbion 38.0f &ach hockerand the
downwardly facing | ock surface 60 (FIG 3) projects inwardly over the WO

2012/ 021376PCTNUS20E]/ D46t e 3 of the pocket 40, with equal spaces

between adjacent locks. The inner lock 50a lies on a radial
line R extending through the central axis 25 of the carrier
and the center 68 of the pocket, whereas the two outer
locks 50b and 50c are disposed on opposite sides of this
radial line.

[0037] In operation, the carrier is loaded with circular,
disc-1like wafers 70. With one or more of the locks 50
associated with each pocket in 1its inoperative position, the
wafer 1s placed into the pocket so that a bottom surface 72 of
the wafer rests on the support surfaces 56 of the locks. The
support surfaces of the locks cooperatively support the bottom
surface 72 of the wafer above the floor surface 46 of the
pocket, so that there is a gap 73 (FIG. 3) between the bottom
surface of the wafer and the floor surface of the pocket, and
so that the top surface 74 of the wafer is coplanar or nearly
coplanar with the top surface 34 of the carrier. The
dimensions of the carrier, including the locks, are selected
so that there is a very small clearance between the edge or
peripheral surface 76 of the wafer and the middle portions 52
of the locks. The middle portions of the locks thus center
the wafer within the pocket, so that the distance D, between
the edge of the wafer and the wall of the pocket 1is
substantially uniform around the periphery of the wafer.

[0038] The locks are brought to the operative positions, so
that the top portion 58 o0of each 1lock, and the downwardly

facing lock surface 60 (FIG. 3) projects inwardly over the



pocket and hence over the top surface 74 of the wafer.The | ock surfaces 60
are di sposed at a vertical |evel higher than the support surfaces 56. Thus,
t he waf erwD=20engazyed bet ween the support surfaces 56 anactrhis20i0okessur f aces,
and constrai ned agai nst upward or dowdward novenent relative to the
carrier. The top and bottom el enments of the | ocks desirably are as small as
practicable, so that these el enents contact only very snmall parts of the

waf er surfacescadibagentntbecperi pher¥oef seaghcuafer ocFemcexamke, the | ock
surfaces and support surfaces may engage only a few square mllineters of

the waf er 3GFkaé8sfafe039] 9% calIRPsachetnarf ércstaral| dadet bhierk Hd@arri er

while the gaerispphbstodhskdec.ofs¢he ﬁ§§§t'QHeChéﬁ@ﬁrlgh@ngééédeﬁetﬁ%éﬂ“ the
waf ers thereon, is |oaded into the reaction chanmber using conventi onal

robotic apﬁéﬁaﬁﬂ@p@ﬁbts@ﬁﬁﬂﬂfﬁ 5$0 2PRat e heCtk t T4HG 39 - oPREhecraF F3¥6red s

engaged w ta@a&h@tfbb%w@ 8% %wmgrépha%rﬁentanpeﬁﬁxﬁee@a alpaxisr25,0f the
carrier is coincident wwth the axis of the spindle. The spindle and

carrier aréhﬁoﬂéﬁéda@%oﬁpttﬁmseé@ﬁﬁﬁhsaxﬁ% tipepéfdkhig deAit el particsar
process errglm%)@dassﬂfgc{loéa%tl' onamynbe afcfwndreds of -revolutions per,

m nute or nore. [0040] The gas sources 14 are actuated to supply process
gasses and sgafii @ergassds e tiefgassdi Sadshrd mreegiterrémt dXimdervhatt t hese

gasses f1 ow.downardly toprd Shepwal er: car niek and, vafer . and, tlow

generally radially outwardly over thé top surface 34 of the carrier and
over the exposedesopaswiasess op4yoh fhe afers mifiéngasrdi sfritbutvarer
el ement 12 and_the walls of chanber 10 are maintained at relatively |ow
tenperatures to inhibit reaction of the gasses at these surfaces.

[ 0041] Heat 100281 s aﬁynkaaiiybotﬁeatWQﬁ@mtaaréeﬂoadddth@twaﬁéns taortive

desired progess teuperarure. whi gh M@y, beeopy ‘%e%g? n9%kn300. 10 1200C for
d

certain chem cal vapor deposition processes. ransferred fromthe

heat er to tcherbett omi sur flacew36 of Hﬁﬁieoanruerlbedydpmnh@lp@@lye@@:wadlant

heat WO 20%%@%%%§7%€g§éU§29%%A9ﬂ9§§L ébotic apparatus (not shown), so
that the fitting 39 of the carrier 1s engaged with the
fitting 24 of the spindle, and the central axis 25 of the
carrier 1s coincident with the axis 22 of the spindle. The
spindle and carrier are rotated about this common axis.
Depending on the particular process employed, such rotation
may be at hundreds of revolutions per minute or more.
[0040] The gas sources 14 are actuated to supply process
gasses and carrier gasses to the gas distribution element 12,
so that these gasses flow downwardly toward the wafer carrier
and wafers, and flow generally radially outwardly over the top
surface 34 of the carrier and over the exposed top surfaces 74
of the wafers. The gas distribution element 12 and the walls
of chamber 10 are maintained at relatively low temperatures to
inhibit reaction of the gasses at these surfaces.
[0041] Heater 28 1is actuated to heat the carrier and the
wafers to the desired process temperature, which may be on the
order of 500 to 1200°C for certain chemical wvapor deposition
processes. Heat is transferred from the heater to the bottom

surface 36 of the carrier body principally by radiant heat



transfer. The heat flows upwardly by conduction through the main portion 38
of the carrier body to the top surface 34 of the body. Heat also flows
upwar dl y wbneoieghr1i7he m nor portions 44 of the wafer carPCEUS2@aNHESs7 t he
gaps 73 between the floor surfaces ofl4 he pockets and the bottom surfaces
of the wafers, and through the wafers to the top surfaces 74 of the wafers.
Heat is transferred fromthe top surfaces of the body and wafers to the

wal I's of changhere10 andct chhe rgagsdinplbbbuy i 90 ebearatid? yrdag atdon,
and is also transferred to the process gasses. [0042] The process gasses
react at tHelfopostuiPaces of the GaFers” toPd¥ dat e Wit e Ta6r exdfpl e,
in a chem gak vapay.deposidd onIRLOCESSRS, LheaRI19CEsS BagaesSAOr Mahgdeposit
on the wafer top surfaces. Typically, the wafers are forned froma

crystal | i n@omaterfal] ahdtbhedepbsPer it pr ot@ss s s lepidadd al3 deposivii on of
a crystal licne materi al, hauingokathlcgospaci ngnsi il aro{0d haty Ofcdhg s
material of the wafer. [0043] For process uniformty, the tenperature of the
top surfacéhsf "edehswaber Shoeerd beheonstart overhq hecrentitieaesp Surdface of
the wafer, ;and,equal topthe {enperatane of he etber walers,on the garrier.
To acconplish this, the tenperature of the top surface of 74 of each wafer
shoul d be &gdal ang thefarenper atie evefile he fcathamdert oY surd ate e Twes
tenperature;Qf \the. carrd £, 4ap ;sunface depends ongthe rate of heat, toansfer
t hr ough the main por(?rlgon 38 of t eyﬁg%y, wf%er'eas t he terrperat%re of toﬁe
waf er top s$urftaeerdeperrdyvassetshe rate of heat transfer through the mnor
portion 44, .,he;9ap #3 fer t . .Jdh i t her C Gtd vity,
and resul ti[r?B ?(])W therengfkqucteets%%s}t@%r%g,s o?gt!:%ea?r_i ﬁ%%' %{;)?t?gné%ff %enesat es
for the hi glafeher hal trest stlacexfofrst.he IFgapexA8plso that thenwedlervamsy
surfaces ar I I t.tenp t bstant.i al | q o the

t enper at ur g%gggt&ﬂrég%;rg%%rsstegb g}réf g%i&%i%%&ﬁi %‘iozrésghgg%o%lr%ns etrhe

bet ween t hevagdgesopf suhéawas er sTandca hey surroundi gy pord | onsieof fdver carri er
and VO 2012/, 081 31PRET WPOILCH0507 12 tILS NELRS LR BLIt AL Ny inl fOr m

t enperature over the entire dp surface 0 each wafef: " To pr ovi de Thi's

ef fect, thelebbedtisurbices ofydthel poecketst A6 atustaheoat lat thicghespacing
tenperature.than_the adjacen arts of th in rtion 38. The thernal
barriers 48 be \?\/Eetnot%le tm'O%oEChgorrn l|§%rrll',~:al4 efaﬁ “t Hggﬁrai n portion 38 of the
body m ni m[pe4hgat |oss promdsheum fromipgrt itdrs e at hee maitn tper tiagn, and
thus help to intain this t eratu differential. [0044]Dur.i.n

operati on, Sélargﬁcﬁlaf)gr e?giﬁdgagg ggu%%/?vakf/ef PO T HE cBftT atﬁh axefnstjz% J°R he
carrier dueuraathe afentitd f ugakr f oneas ccauseddhytnot atmparetutdeocartteer .

Each wafer is maintained precisely centered in the pocket by the m.ddle
tBe ™, he*Focks. STha

portions 52°6f"t h&®f ocks. Centfifugal forces alfrcé’glpggﬁﬂ wWalt €’ adaitnst

t he m ddl e tpaptiransrd 20 of thdet opit etfir f ook so 504 antl Sen Thesea pardilenseact as

abut ment el enents, which ,
equal to the temperature of the carrier top surface 34. The
temperature of the carrier top surface depends on the rate of
heat transfer through the main portion 38 of the body, whereas
the temperature of the wafer top surface depends on the rate
of heat transfer through the minor portion 44, the gap 73 and
the wafer itself. The high thermal conductivity, and
resulting low thermal resistance, of the minor portions 44
compensates for the high thermal resistance of the gaps 73, so
that the wafer top surfaces are maintained at temperatures
substantially equal to the temperature of the carrier top

surface. This minimizes heat transfer between the edges of

the wafers and the surrounding portions of the carrier and



restrain the wafer against outward novenent. The precise centering of the
waf er mai ntains the uni formdi stance Dw between the edge of the wafer and

t he surrowodoreg2wembl of the pocket, and avoi ds direct ceorastobaetesern the
waf er and the pocket wall. This mniniszes heat transfer between the wafer
and the carrier, and also helps to assure that any heat transfer which does
occur is substantially radially symmetrical about the center of the wafer.

[ 0045] Duri Rguepekabsono tRenwat er aManidbshortnbe oM & d | Atedi gk toy@ domed
shape. For exanple, epitaxial deposition of a crystalline material having
an undi st orfted SPatereecspatihg'alqaght 1P dFFérent i F off £ et undistiorassd

lattice spaci-rgd.05 bLhe wrystadildne migrial paf dhe, Wal ghc APPELSS: & &nsil e
or conpressive stress at the top surface of the wafer, and the wafer
di storts t&hpPel it8¢e adueResE reasts FPG ke depietROXhesatfe wafler HifFsocket

as shown i FhG 3. wthdhecwalere 70,:dist opted: £,0s a domerki kenshapg.,, Such
di stortion causes the center of the wafer to bow towards or away fromthe
floor surf®&eetdenofct vd pbleketodandnihius Zeaukest t Heshei HiAm of hEheninAD

2012/ 02137QRCTA 452011/ Q46567 16 gap, 43 bet wegnqyt he wafen bats om surface 72
and floor Surface 46 to vary. Wth Phe edges of the wafer restrained

agai nst upwaid meveeertudsy diféereeksab0, the difference in height LE of the

gap is rel gl y smallind Le$a0i XN Dycd he dor mubas LE 7ok der 8 Wiere: K

is the wafer curvature; and-d i's the diameter of the wafer.
the central axis 25 of the carrier due to the centrifugal
forces caused by rotation of the carrier. Each wafer 1is
maintained precisely centered 1in the pocket by the middle
portions 52 of the locks. The centrifugal forces urge each
wafer against the middle portions 52 of the outer locks 50b
and 50c. These portions act as abutment elements, which
restrain the wafer against outward movement. The precise
centering of the wafer maintains the wuniform distance Dy
between the edge of the wafer and the surrounding wall of the
pocket, and avoids direct contact between the wafer and the
pocket wall. This minimizes heat transfer between the wafer
and the carrier, and also helps to assure that any heat
transfer which does occur is substantially radially
symmetrical about the center of the wafer.
[0045] During operation, the wafer may distort from a flat
disc to a domed shape. For example, epitaxial deposition of a
crystalline material having an undistorted 1lattice spacing
slightly different from the undistorted lattice spacing of the
crystalline material of the wafer applies a tensile or
compressive stress at the top surface of the wafer, and the
wafer distorts to relieve such stress. FIG. 6 depicts the
same wafer and pocket as shown in FIG. 3, with the wafer 70
distorted to a dome-like shape. Such distortion causes the
center of the wafer to bow towards or away from the floor

surface 46 of the pocket, and thus causes the height of the



[0046] I n a conventional wafer carrier showmn in FIG 7, the pocket has an
under cut peripheral wall 142, and a circular support surface 156. The wafer
conmes to webizzagai7nst an outer portion 142a of the peri pognskonmaldset urt hest
fromthe central axis of the carrier.16The undercut peripheral wall holds
the outer part 101 of the wafer down agai nst the support surface 156.
However, the inner part 103 of the wafer, closest to the central axis of

the carrieiggpl S 780t phEestERl Negh agal Mst UMALE MaverEst repative toddie
carrier, so that the curvature of the wafer causes the inner part 103 to

lift upwar dMYI28Ra$e f FBMVERE- suppoht S\ fRREeS156. T s"e &S ese &l Tairye!

di fferencepnihhe heldht kidveRbnthe0amel73-bel ween the Qﬁfﬁf%me%%f age 172
of the wafer and the fl oor surface 146 of t he pocket Usi ng t he

convent i ondleighf eAicarr itbe: gbE' 1s Kedat 2ve]00#7]1Stiatiéd anothem way,thche
di fference IDE with the edge of the wafer restrained by the locks (FIG 3)
is only one- ourth the difference LE with the conventional carrier.
Because the rate of Meat wransfer across the gap varies di rectly with the
hei ght of the gap, the dramatic reduction in the difference in gap height
provides a correspon |enge Teduction in differences in heat transfer to
various parts of thekwaf eme Mareovetrvanude;t hedwaf er restrai ned by the

| ocks (FIG 3) the h ht _of the hen e the heat transfer, WO
2012/ 021370PCT/ US201 /J%’ é@@?dﬁmggﬁfe?faqfqlet W@ Waf er. Because the inner part

of the waf gooadge does aﬂQioﬂvlefnﬁ:1Upaﬂl\lh‘ﬁ£1féﬂ‘lesalﬁflérr issowasinarned,7,t hatee w | |
be no disturbance in the flow of gasses across the V\gf er carrier and wafer
top surfac&8°éabséd Shy? bdgese bl h@eWaFF}ée‘rrad‘r of&ct i hg”ab6Ve theSt TP <Ur f ace
of the carrsiugborf 0948fdhe 15acks Thbews@éye@orﬁ@ey AU tSEBhlnst ogal dzed
di sturbances in the 1gas flow This }{)q enonmenon i s mnjmzed bﬁ/%makl ng the

a

| ocks, andBPaFtPRultaffyCt he™t o pottS Gis 58 Loff "EhBSFbckEo™ e 1t =

poOsSi bl e angias drhitheas 2p@sskDl € ThAl s@detbett pprpoidionsyof1 the dsocks
preferably have stream ined shapes. There will be some m nor heat transfer
by conduct i°8h°Fhr Bagh t hel | ocks, tHut FHIST efPEet PEAETHATt et by THE ST |

areas of centagtebetyeen HB@eJJ@@ks taRd theevafRlr angs byt henkowdhear,mal

conductivity of the | ocks. [0049] The configuration di scussed above can be

vari ed. Closest to the central "axis of thé carrier, is not restrained
against upward movement relative to the carrier, so that the
curvature of the wafer causes the inner part 103 to 1lift
upwardly, away from the support surface 156. This causes a
large difference in the height AH' of the gap 173 between the
bottom surface 172 of the wafer and the floor surface 146 of
the pocket. Using the conventional wafer carrier:

AH' = K*d?/2.

[0047] Stated another way, the difference AH with the edge
of the wafer restrained by the locks (FIG. 3) is only one-
fourth the difference AH' with the conventional carrier.
Because the rate of heat transfer across the gap varies
directly with the height of the gap, the dramatic reduction in
the difference in gap height provides a corresponding
reduction in differences in heat transfer to various parts of
the wafer. Moreover, with the wafer restrained by the locks
(FIG. 3) the height of the gap, and hence the heat transfer,

vAarv in A nattern which {dia radiallv avmmetrical Ahont  the



For exanple, |ocks as discussed above can be used with a wafer carrier
having a unitary body w thout the m nor portions discussed above. Al so, the
conf i gur avpani2o2137he | ocks, support surfaces and abut mnerCTaliSeomnieseTan be
varied fromthat discussed above. Thel?wafer carrier depicted in FIGS. 8-10
has a unitary body 232 defining pockets 240. An upwardl y-facing support
surface within each pocket is defined by a plurality of small support

el ements 254nkb-t he {108 mofe di seelibkee butd onsndesiirRgcenthbe,fFooregur face
246 of the pocket. These supgort el ements are distributed around the
0!

peri phery &PeEh&°pockét. YPOOSOEAER pEéREL 18l §65hadIET 0ck 50, "R IRk i s

slidably munteditiopihe carrier pady Jorgsmeenentos8 dheegh Fonsc4owands and
away fromthe central axis 225 of the carrier.The | ock has a wafer-engagi ng

surface 26@RCFFESeT 8tamds W0)2 G/l €RUSPBpes 29@ss frformlcheaéent BFO 288 619 t he

pocket in the doywnwesd, dif,ectbops Statedanqther way, the |ower portion of
surface 268 lies further fromthe center 268 of the pocket and closer to

the centrallOQ#B$ 225Thsf tleekear Fherseias t ReYuppaisporstiadn - of 1 ¢drel igade
surface. Thys s JULEACEs 2i|@9 HRCes WP 8012/ %@%§7;9}%§§{Smg§%911é0ﬁ§§ﬁh£&j by

downwardly toward the floor surface 246 as we i nwardly
making the locks, and particularly the top portions 58 of the

locks, as small as possible and as thin as possible. Also,
the top portions of the locks preferably have streamlined
shapes. There will be some minor heat transfer by conduction
through the locks, but this effect is limited by the small
areas of contact between the locks and the wafer, and by the
low thermal conductivity of the locks.

[0049] The configuration discussed above can be varied.
For example, locks as discussed above can be used with a wafer
carrier having a unitary body without the minor portions
discussed above. Also, the configuration of the locks,
support surfaces and abutment elements can be varied from that
discussed above. The wafer carrier depicted in FIGS. 8-10 has
a unitary body 232 defining pockets 240. An upwardly-facing
support surface within each pocket 1is defined by a plurality
of small support elements 254 in the form of disc-like buttons
resting on the floor surface 246 of the pocket. These support
elements are distributed around the periphery of the pocket.
[0050] Fach pocket also has a lock 250. The lock 1is
slidably mounted to the <carrier Dbody for movement in
directions towards and away from the central axis 225 of the
carrier. The lock has a wafer-engaging surface 260 (FIGS. 8
and 10) which slopes away from the center 268 of the pocket in
the downward direction. Stated another way, the lower portion
of surface 268 lies further from the center 268 of the pocket
and closer to the central axis 225 of the carrier than the

upper portion of the same surface. Thus, surface 260 faces



toward the center of the pocket.The carrier has a channel 202 which, as
seen in cross-section in FIG 9, has a dovetail or generally trapezoidal
shape. Locw0282/hazwoa correspondi ng shape. The | ock i s engagas20in/o4ése7 channe
so that the | ock can nove between thel8i noperative position shown in broken
i nes at 250" and the operative position shown in solid lines. In the
operative position, the end of the |lock with engaging surface 260 projects

into the pegketaand, beypndat hgevenbbealsywakhbe 24260f st hgs1pocket 5 soa tdat
surface 268 bears on the upper edge of a wafer 270 received in the pocket.

The centri ff\Qgardf ofte caeRedr by ottdts ookt he cafPfer Cafged t HES ock away

fromthe centhakiaxps @eh-randid huse.t oward-dhe centier, 268 ral:.t ke poeket .
Thus, as the carrier rotates, |ock 250 holds the inner part 253 of the

waf er down JgHEtRbE ces t HenoedErY | Aterengubehestaift h t heckuppdrt 82254 The

di mensi ons Bf £BE.L QLK k88X 209818t @d fOf sCledghb¥aofi nl Idustaalien. do
practice, those parts of the |ock which contact the wafer should be as
smal | as pr&éeti 4Bl éotb ARNI APYR hediean daisf dnopgretighct hesioek B0%1] Each

pocket al sq has Abyt nEAL el.ementss 252 The, abut ment, el erents are Jihspgsed at
di stances further fromthe central axis 225 of the carrier than the center

268 of thespééRetinThe abuot mbat cekFenbhts have surf ddes 269 & dpieng @kay
fromthe C%%ﬁalen@§%%n%2%ufﬂ%éehez Wy}pgregtg' LECcLl op. | Dooper &t i ONyeyong

centrifugal forces he wafer ten orce the wafer against surfaces
269, so thathet Nerabothemllel &ienfs e daetogbtetthpar supbdcof2 ¢heamafser

down agai n p 2 T t, el . b o} %q ep tely
fromthe cgﬁnr ?Ie{fB gggéro?é%%y%egﬁﬁ%?éﬁwﬁgﬁgéﬁggg%?r?}éér %o y.ts'[ 08%]2 In a
further varcieanhti{(®&G Ad)ce mMawsredpdnt ironset344 of the carrier bohs rEe be

mount ed {0 \the MRl N, POLLL 0N 338 0y, bushings 348, 1 otged. fromayatsz gl

anot her materi al ing thermal conductivity Tower than the conductivities
of the mai men®r2042/ @Z137OPCHOU82011/ 046567 as the carrier rotates,

lock 250 holds the inner part 253 of the wafer down and forces
the wafer into engagement with the supports 254. The
dimensions of the lock are exaggerated for clarity of
illustration. In practice, those parts of the lock which
contact the wafer should be as small as practicable to
minimize heat transfer through the lock.

[0051] Fach pocket also has abutment elements 252. The
abutment elements are disposed at distances further from the
central axis 225 of the carrier than the center 268 of the
pocket. The abutment elements have surfaces 269 sloping away
from the central axis 225 1in the downward direction. In
operation, centrifugal forces on the wafer tend to force the
wafer against surfaces 269, so that the abutment elements hold
the outer part 251 of the wafer down against supports 254.
The abutment elements may be formed separately from the
carrier body or may be integral with the carrier body.

[0052] In a further wvariant (FIG. 11), minor portions 344
of the carrier body may be mounted to the main portion 338 by
bushings 348 formed from quartz or another material having

thermal conductivity lower than the conductivities of the main



19 portion and m nor portions.Here again, the m nor portion desirably has
hi gher thermal conductivity than the main portion. The bushing serves as
part of twe ieermaEb barrier between the minor portion amrdTrms2onipesss? on. The
solid-to-solid interfaces between thel9%ushi ng and m nor portion, and

bet ween the bushing and main portion, provide additional thermal barriers.
In this variant, the bushing defines the vertical wall 342 of the pocket.

[0053] The epbedbAentcofnikde J&-diSrsd. M | aert o Lhenenbedi ments diseusised
above with reference to FIGS. 1-6, except that each mnor portion 444
i ncl udes a%6dya348 ofeSmalBerdi &REFERL t hatndUe ¢alVespbdi ngihol®@ 442 in

the main peLti9pn438,1180 hilaali nd Gap A48 oS gm&vi&edt@es Bnd fieLimal 2 bardy er.
Each m nor portion also includes a head 445 closely fitted in the main
portion 43%etyefi ntidich cBABeht r TGty o8f 3 mi ABENporRi16icand t he 1Sl e

442. [0054]sThewafer,cal riafe Ofr ELG 131,86} udesca griM ROT ti,0n apd,dp nor
portions 544 simlar to the carrier discussed above with Teference to FIGS.

1-6. Howeve@Prtipe, camdi ereiosdy of el BrshBng nehddes ini nigR1tilee  bopeefide

portions 5024encLrg] i RY.LRS MyRQL ; PRE LT ons, and; di spesed. between, each,gm nor
portion and the main portion. The border portions 502 have thernmal

conduct i vi O¢fdnes etentvertamettheat hed halofcdhduepiryety of the nmmin portion
and m nor pepkLPNs. ﬁ?eil Hstlated, the horder oporit orgsmgrl%éal ilgned peneat h
[ he bor

t he periphery of each pocket. In a further variant, t er portions may
be al i gned epéndandnta partussed Reovepwsul f aeee B3t esor GuAdi ng— eactk padket .

The ther mal, ,conducti vity, of ,1.he horgder portians %%o@?hg%ec&e% aller

i ndependently to counteract” heat transfer to or from edges o
waf ers. Fordiexahple, tivher etbhhoseopoesporsinof thed et opt4gur fiace B34 trenidh t 0 be

bo. | over tRAR CRE. LoRAUSE] vITS of (R s portien. gp e PARLLANS can

2012/ 021370RPCTLAEBS2018A046B670or portion also includes a head 445 closely
fitted in the main portion 438 to maintain concentricity of
the minor portion and the hole 442,
[0054] The wafer carrier of FIG. 13 includes a main portion
and minor portions 544 similar to the carrier discussed above
with reference to FIGS. 1-6. However, the carrier body of
FIG. 13 includes ring-like border portions 502 encircling the
minor portions and disposed between each minor portion and the
main portion. The border portions 502 have thermal
conductivity different from the thermal conductivity of the
main portion and minor portions. As illustrated, the border
portions are aligned beneath the periphery of each pocket. 1In
a further variant, the border portions may be aligned beneath
a part of the top surface 534 surrounding each pocket. The
thermal conductivity of the border portions can be selected
independently to counteract heat transfer to or from the edges
of the wafers. For example, where those portions of the top
surface 534 tend to be hotter than the wafer, the thermal
conductivity of the Dborder portions can be lower than the

conductivity of the main portion.



20 [ 0055] The wafer carriers and apparatus di scussed above can materially
reduce tenperature differences across the surfaces of the wafers. However,
even w t woheidmeai7ar es di scussed above, sone tenperat ur eCmars2unioiedsm ty can
occur. Because the tenmperature distridution is generally radially
symmetrical about the center of each wafer, other neasures which tend to
suppress tenperature differences can be applied readily. For exanple, as

di scl osed (o881 peNding, . LPRALY 188851 9AQA A PatentyiApREEEat ie can
Publ i cati on No. 2010-0055318, the disclosure of which is hereby

|ncorporat@@tﬁyl?é¥%réﬁ%@c%e?%WH?IQH%§etWéﬁ%ﬁFeﬁ%%ﬂu%?%%%% e t fer Vet

carrier cansbe yari,gdoby. varyhng,dd,s thickness. drer exanple, wheresdde
waf er tends to bow toward the floor surface of the pocket at the center of

t he pocket 3R8VEhoRANE nt FIRG T 26, UTEh8 R heR HEd TTEidnd FearEEV6f t hecyjais dth< he

center of thep @9§K§{=ewdlst§%bhh98§r {hanchbe,t her malgcanduct apee: of - hihe gap
near the edge of t he pocket. This can be counteracted by increasing the

t hi ckness @Pothe téar ceekEebody ﬁﬁcﬁh@anQAoﬁt@¢rth%aﬁﬁﬁw beHeat Hase teent er
of the pockel; 89safehOeFaduce dihe Lherpal -conductancesd n.duss ared o,

[ 0056] As these and ot her variations and conbi nati ons of the features
descri bed éﬁémél@anéﬁ% diprigeet] tihe forkgulimy .deseriprionastivhedpret erred

embodi ment p,3houl d Bghaken gs 11 bustiling, rabersdhamddstibind, dhe
scope of the inventi I'NDUSTRI AL "APPLI CABI LI TY [ 0057 e present

i nvention @aﬁcbesap@||@ﬁ Wrarchexaspl eerehy memdactaregedf bem coheiotes
devices. VO,2012/ Q213 70RCTLYS2QLLL046587 61 ChA MBrer carrier can be

varied by varying its thickness. For example, where the wafer
tends to bow toward the floor surface of the pocket at the
center of the pocket as shown in FIG. 6, the thermal
conductance of the gap at the center of the pocket will be
higher than the thermal conductance of the gap near the edge
of the pocket. This can be counteracted by increasing the
thickness of the carrier body 1in the region of the body
beneath the center of the pocket, so as to reduce the thermal
conductance in this area.

[0056] As these and other wvariations and combinations of
the features described above can be utilized, the foregoing
description of the preferred embodiments should be taken as
illustrating, rather than limiting, the scope of the
invention.

INDUSTRIAL APPLICABILITY

[0057] The present invention can be applied, for example,

in manufacture of semiconductor devices.



1. Awafer carrier conprising a body having oppositely-facing top and
bottom surfaces, the body having a plurality of pockets open to the top
surface obothe/oxty, the carrier defining an upwardl y-f &crng2eappast
surface di sposed below the top surfacd of the body within each pocket, the
carrier further including | ocks associated with the pockets, each | ock
havi ng a downwardly facing | ock surface and an operative position in which
the | ock sunhage extends into or above the associ ated pocket so that a

waf er disposed in the pocket and resting on the support surface will be at
| east partial | yleonst rgififed cagairst copwat o Hoverisrty By VERe PBeRS Siftfvace.

2. A wafer f%@&ﬁ'ge{oﬁsam abdmebd Buckabm 1 whengidy akJiegsh ?QH_PaPiftJ heg | ocks
are novabl e | ocks, each such novable | ock being novable relative to the
body of th@&OC&FEPeroHont¢ héNEper@t i GBT pose t i%n ofe stedyl odket oc&mrer

I noperati V%le@%%&%‘ni@%Mo@l@—tf@%ihgcgug&@& QL fORSt LUChHoLoadh N, ot 1 waf er
into the associatéd pocket. . Awafer carrier as clainmed in claim?2
wher ei n t héopodyuhbsca eénttlat DAY extehdi ngalbét weetkdthe £6p a®lr bictt om

surfaces and,anbiti)ng,@and e cgenttalc axi Sy agapt ed .t go.engage & notaiabl e
spindl e of a wafer processing apparatus, each of the pockets having a

center, at heeasty somsloghwehelY oclesibei ngodhnentitecks, atthe abockretatiiace of
each said ipnner;lock, Mﬂﬁhﬂst%’eﬁéékvﬁupﬁéé ' %?na?:%% ng,«dj sposgd.at a4 adial

di stance f omthe central axis less than a ra stance fromthe central
axi s to thescentercdf retiectassocilatteda pogket . disposed 4in A hgafierckedr raret as

clained in _¢laim3 wherein carri.er fines ahut nent. . wi thin e

pocket at ar%lsgvfeﬂg a%ov% %hestugﬁf)pgr tsusgﬁggce \%tﬁ?en tglﬁle p%c tetf)%n%ab%%}(;w t he
top surfaceonsheaabed nersingitt bipnaedohopocket bhekhg addpted ffeoeengage an
edge of a wafer disposed within the pocket and retain the wafer against

hori zontal novepent a Wor201240218740RCT/MS2QLY 046567Va2R 1 wheredn Atwafer
carrier as clainmed in claim4 wherein the abutment within each pocket
i ncl udes alpPdfalriy 6f $p&céd<épartcabiviBht ePehent@ach such BOVa0lgaf er

carrier asiekai mRdnyn eohabikS rehet eiya the tabutymeRt JFordhonss i N ude-cat
| east two abutnent el enents disposed within a portion of the pocket at a

radi al di st&RcEPPFBt TheP ARl CAxPEChr eat’ert idh tHECrati e &P Stlaite from
the centralinaxirs ho the et efolf e Poekeler 10ading of a wafer into

the associated pocket.

3. A wafer carrier as claimed in claim 2 wherein the
body has a central axis extending between the top and bottom
surfaces and a fitting at the central axis adapted to engage a
rotatable spindle of a wafer processing apparatus, each of the
pockets having a center, at least some of the locks being
inner locks, the lock surface of each said inner lock, in its
operative position, being disposed at a radial distance from
the central axis less than a radial distance from the central

axis to the center of the associated pocket.

4, A wafer carrier as claimed in claim 3 wherein the
carrier defines an abutment within each pocket at a level
above the support surface within the pocket and below the top
surface, the abutment within each pocket being adapted to

engage an edge of a wafer disposed within the pocket and

rotain +tha wafor anvainetr hAarisAantal matyramant



7. A wafer carrier as claimed in claim5 wherein said | ocks define at |east
one of the abutnent elenents within each pocket. 8. A wafer carrier
as cl ai reatoizn12002a37m 7 wherei n the pockets are general |l yPcirrusadians@ntd a
plurality of the | ocks are associ ate®2wi th each of the pockets, the |ocks
associated wth each pocket being spaced apart from one another around the

pocket. 9: A wafgr carrier as claineq inclaim?2 mherein one sai d
inner |ock assogiated whtd-eaghrpocket i-5.6hsposedQRia radhdd diinng ne
extending fromthe axis to the center of the pocket. 10. A wafer

carrier as3MalfRE MFATBLAI RP2ZDWROCERR tiRE B8y defP e ldtyl oo sRataste
w thin eacgpgggkggugwé@pgggmggtg | evel bel ow the support surface within the

pocket . . A wafer carrier as claimed in claim10 mhereln t he | ocks
define at |east a pq&t o% }he sugggrt su fgge “ﬁ%hb eac gcket.
12. A wafer carfier ‘as"¢faf ned i nocl af m*11 0WAdr &'n “G4eH | |nclud:s a top

portion debbmtmgntthhﬁabnsurﬁaCEu@é &he heekt anhmtkmmmmeht|0@&QMHnum ng a
part of the sugﬁort surface wt 5300|a% ocket

m ddl
Dor 11 on exELRHPREE UL HEth ThEP DR At bOrt ofy BETS | Bne™ RO T0p SHE S om
WO 2012/OZK&ZQPGF@US%G&&%@4&&6E greater than the radlal distance from

the central axis to the center of the pocket.

7. A wafer carrier as claimed in claim 5 wherein said
locks define at least one of the abutment elements within each

pocket.

8. A wafer carrier as claimed in c¢laim 7 wherein the
pockets are generally circular and a plurality of the locks
are associated with each of the pockets, the locks associated
with each pocket being spaced apart from one another around

the pocket.

9. A wafer carrier as claimed in c¢laim 2 wherein one
said inner lock associated with each pocket 1is disposed on a
radial 1line extending from the axis to the center of the

pocket.

10. A wafer carrier as claimed in c¢laim 2 wherein the
body defines a floor surface within each pocket disposed at a

level below the support surface within the pocket.

11. A wafer carrier as claimed in claim 10 wherein the
locks define at least a part of the support surface within

each pocket.

12. A wafer carrier as claimed in c¢laim 11 wherein each
lock includes a top portion defining the lock surface of the
lock, a bottom portion defining a part of the support surface

within the associated pocket, and a middle portion extending

het woaan the o and hatt+taoam natrtinana the +an and hat+ oam



23 portions of the lock projecting fromthe mddle portions and defining a
gap between them so that when the lock is in its operative position, a
waf er carwpnroj2ei37mnt o the gap. 13. A wafer carripemr/usgo0ialoaésaed in
claim 12 wherein each lock is pivotabe relative to the body about a
generally vertical |ock axis between an inoperative position and the
operative position, the top and bottom portions of the | ock projecting from
the lock ayosthBhe bherassaci-at @dopeskety Woehn t hee | Ackais pordhg opgiative
posi tion. 14, Awafer carrier as clained in claim1 wherein the

| ocks have 9cdweinehér AP &6hRHAERI VIREY FRanlpér t16As t6f theékbady ldefitii ng
the pocket$perative gositAcMal &rygatsieln cpkksi NG & fadyhavi ng
oppositely-facing top and bottom surfaces extending in horizontal

di rections and a pl uy al i%é/ of __packets oqenmta tge OPmsilﬁf ce, .enach %uch
pocket being adapted t & Hal &"H Wafer with At op” st fake’ of "t He" Waret
exposed at 1bhe top survbaselof rchethody,td henbodypdynchboiing aa gemdrgiant i on
formed froma first lma}keri al hﬁvi ng a first therjénal conduct i vi t\é, the mai n
portion haViPAg vert ifCarl yrext eRSi Ve hof s “APPGRRET T t ROPhet PocREr's, “ithe
body furt hemetrach udi pgai fiosn pothé onspf anaedotrom acsecond wEt ereal 1dw@vi ng a
second t her nal, conduc%i Vi t%/ hi}{gh r than the first thermal conducti vie{%, t he
mi nor port PoASCHeiNY tF ¥hosed T4 't HE 1ol '8 Coft "EhE SRR POT tPOn T HE' Bbdy
havi ng a vemnki catky: extrensievepthet /i haririiens between the main portion and
each mnor portion, the thermal barriers inhibiting conduction of heat in
horizontal direchiong RELULCR,LAL.MMLD BILLAOR 3R hENMINOf, AN Olke

16. A wafer carrier as clal maa In claiml15 ereln the m nor portions

defi ne fl odrcsar frages bfwathet porket scpedestsied thel et heorbposur Pacehe he

m nor porti i.nj.n of the bottom surface. WO

2012/ 021376)%%% %é%ﬂ%f%i@%a%ogﬁ&g 17. A wafer carrier as clainmed in

claim 15 wherein the thermal barriers include interfaces between abutting
surfaces of thelninot FordS s rafd FRECTHET M Dot ti6is Faving oPR@SLtehyat er

carrier compkkshngtapbodyahaybhg@pposidLley- f acicBgatag and bedtomsunfaces
extending in horizontal directions and a plurality of pockets open to the
top surfac&lT8aEhORUCH DGtk Theihy ablap? bt HWEid 8 Wafek ORi T W 2 %op

surface of sbhe wafer gxpesed,atnd headpesurbace1afl & heafodyyitheabady
including a main portion having vertically-extensive holes aligned with the

pockets, t®&rhady Phr ther "AABT uBFRAGSTA ndt Pt t tONsSH SPSs et i e H %ol es of

the main penki 8Bayt hecboadhaviRdnapyer tbcatd yrex el ue rhoEdenaporidion
bet ween the nmain portion and each mnor portion, the border portions having
thermal coRdyebpvit yirgtt Réeverti €andearFection dig ferEht PIFlorfnt e Hier mal

conduct i vi t)y@f oL e, MBINL QKL @B1es aligned with the pockets, the body
further including minor portions formed from a second
material having a second thermal conductivity higher than the
first thermal conductivity, the minor portions being disposed
in the holes of the main portion, the Dbody having a
vertically—-extensive thermal barriers between the main portion
and each minor portion, the thermal Dbarriers inhibiting
conduction of heat in horizontal directions between the main

portion and the minor portion.

16. A wafer carrier as claimed in claim 15 wherein the
minor portions define floor surfaces of the pockets recessed
below the top surface, the minor portions also defining parts

of the bottom surface.



19. A wafer carrier as clainmed in claim18 wherein the m nor portions have
thermal conductivity different fromthe main portion and different fromthe
bor der powDi2012%021370 20. A wafer carrier as clained ipaTalSasimodd&enher ei n
t he pockets are circul ar. 21. Mafer treatnent apparatus conprising a
wafer carrier as clainmed in claim1, a chanber, a spindle disposed in the

chanber for rotation about a vertical axis, the wafer carrier being nounted

on the spindle for rotation therew th & gasd nletcelemen @dispased above
the wafer carrier, and a heater disposed within the chanber and adapted to
transfer héRErialt RArbott vm3Uridt el e ttReRafer "eap r pRRELING surfEresp

net hod of progesshng Wal8rs ocQMRRESEN dhe shepsorf: WO .
2012/ 021370PCT/ US2011/ 046567 25 surfaces of the wafers facing in an upward

direction parallel to the axis; . . ( uring the rotating step,
supporting the \%\gf erzg “c’)anfeeurpv\%rrﬁllﬁ-rf acihg- suppor ?}Osdg/r fhﬁ‘(\:fgrslgaﬁ]ap?snlgtelyq
constrai ni fgcwater soagabnst upwasd noDveherts awaychoonyt héensupport torsimlf aces;

and . . (c) _treatin he wafers during the rotating step.
23 A et hGUTEEEAPET 1P 1 TERAISE GheFerFEheTEPoSt! RGeSt el THEliRRmg ¢ he
step of transhersidng heatetf rioaidheacastdertdonvhe wafesiser with a top
surface of the wafer exposed at the top surface of the body,
the body including a main portion having vertically-extensive
holes aligned with the pockets, the Dbody further including
minor portions disposed in the holes of the main portion, the
body having a vertically-extensive border portion between the
main portion and each minor portion, the Dborder portions
having thermal conductivity in the vertical direction

different from the thermal conductivity of the main portion.

19. A wafer carrier as claimed in c¢laim 18 wherein the
minor portions have thermal conductivity different from the

main portion and different from the border portions.

20. A wafer carrier as claimed in claim 18 wherein the

pockets are circular.

21. Wafer treatment apparatus comprising a wafer carrier
as claimed in c¢laim 1, a chamber, a spindle disposed in the
chamber for rotation about a vertical axis, the wafer carrier
being mounted on the spindle for rotation therewith, a gas
inlet element disposed above the wafer carrier, and a heater
disposed within the chamber and adapted to transfer heat to

the bottom surface of the wafer carrier.

22. A method of processing wafers comprising the steps
of:
(a) rotating a carrier about an axis, the carrier

having a plurality of the wafers disposed thereon with top



24. A nethod as clained in claim22 further conprising the step of
constraining the wafers agai nst radi al novenent away fromthe axis during
t he rot atwogostem7o 25. A nmethod as clained in cl acmi®20mioessei n t he
step of constraining the wafers agai it upward novenent away fromthe
support surface includes constraining inner parts of the wafers against
upward novenent, the inner part of each wafer being disposed between the

center of therwatercandhthgapXis. racing ir2&n ApiRthod;iascelah npgdrdn ol ai m
22 wherein the wafer carrier has a top surface and pockets open to the top

surface, the SGPpdFtSsurfaces are disposed within the pockets and the top

surfaces of the waf efs a&ﬁu&%QSE%BFE@%éyiﬁfﬁhﬁﬁﬁrsM%%BrEbﬁthQaSMiﬁﬁﬁﬁ_Of
the wafer carrier durlqﬁaphe rotating step. . A nethod as cl ai nmed
in clai m26™whepPErhdeactr PocketsURBSTE f POBFAEAR f 20¢! dit§FosEan bt dviitve

support surfaeesW L Nsd N6, ROCKehwABL: thes e Efbﬁiﬂ%%psQ$%$@€“s&f¥é$¥§J<N“
surface of each wafer and the floor surface of the pocket holding the

waf er, theagflep of transferring heat fromthe carrier to the wafers

i ncl udi ng transferriQﬁghgggaggggugget£g% PSiuring theZ@ﬁféi%%tQQQp?S

claimed in claim?25 rein the"waters distort during the rotating and
treating step.

9 P 23. A method as claimed in claim 22 wherein the treating
step including the step of transferring heat from the carrier

to the wafers.

24. A method as claimed in claim 22 further comprising
the step of constraining the wafers against radial movement

away from the axis during the rotating step.

25. A method as claimed in claim 22 wherein the step of
constraining the wafers against upward movement away from the
support surface includes constraining inner parts of the
wafers against upward movement, the inner part of each wafer

being disposed between the center of the wafer and the axis.

26. A method as claimed in c¢laim 22 wherein the wafer
carrier has a top surface and pockets open to the top surface,
the support surfaces are disposed within the pockets and the
top surfaces of the wafers are substantially coplanar with the

top surface of the wafer carrier during the rotating step.

27. A method as claimed in claim 26 wherein each pocket
has a floor surface disposed below the support surface within
the pocket, and there is a gap between the bottom surface of
each wafer and the floor surface of the pocket holding the
wafer, the step of transferring heat from the carrier to the

wafers including transferring heat through the gaps.

28. A method as claimed in claim 25 wherein the wafers

distort during the rotating and treating step.



