WAFER CARRIER WITH VARYING THERMAL RESISTANCE CROSS-REFERENCE TO RELATED

‘APPLICAWQMS/([QQQ;]The present application claims the benefit of theplglpg<aieafsbs . Provisional
Patent Application No. 61/190,494, filed August 29, 2008, the disclosure of which is hereby

incorporated by reference herein. BACKGROUND OF THE INVENTION [0002]The present invention
relates to wafer procBREHEY &p5aratds, 1 WardPRambis THERYE in REEA $F88Eing apparatus, and to
methods CRasfe REFERESTE). TOOGBMampsamsaithrIioNdevices are formed by epitaxial growth of a

semicondygipjpaterialon g suastpate I shatials veicaliyds a gsigline material ip ghe form of a
disc, commonly referreé‘to s a "wafer." For example, devices formed from compound Sémiconductors

such as IFA$8ficarfRtors typilaffy ére%ﬂ‘ﬁ%ﬁ%?@ﬂowiﬁ@%%’%ess@@éia&@§b‘?@he ¥eémpound
semicondeciarassing metal Degarnghemicad vapoodepasitor bs EVEQRVD. 'dn thisipmeceass, the wafers

are exposi?grtgo?, cgm@ga%ggtoé @Wsrgpé%yggcmlq\_metal organic compound and a source of

a group V elemeént which flow over the surface of the wafer while the wafer is maintained at an

elevated M PSR Sfe BRENMNEBI BN semiconductor is gallium nitride, which can be formed by
reaction of @angano gakiurp cesepeundanshamoroniseqn tesubstatefoying srattaiie sgystal lattice

spacing, ag.for,exaruple. @,SapRipLs walgl. Jypicallye f1e WAIEr IS;,  such  processing
apparatus, and to methods of wafer processing.
[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 III-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 is 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 is
maintained at a temperature on the order of 500-1100°C during
deposition of gallium nitride and related compounds. /
[0004] Composite devices can be fabricated by depositing
numerous layers in 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, in a gallium nitride based semiconductor, indium,
aluminum or both can be used in varying proportion to vary the

bandgap of the semiconductor. Also, p-type or n-type dopants

-~ -



maintained at a temperature on the order of 500-1100C during deposition of gallium nitride and related
compoug.2A0044{&emposite devices can be fabricated by depositing pgmeru®ley®ss in succession
on the surface of the wafer under slightly different reaction conditions, as for example, additions of
other groug IIl.or grqup V elements to vary the crystal structure and bandgap of the semiconductor.

P18, R% gamEh RRridSBRERY SERficSRATHSE iXdivm SHiuffrimIGHssin cahtb&Tised in

For examp
varying pedgortiofi to vhey thecherdgaiuottne semicenductorvalsoppdype 6oratyde dapants can be
added to e%aireélmeﬁonqm@y ofachdaysk Aftes pllefthe semigendygtor jaygrs have been formed

and, typically, after appropriate electric contacts have been applied, the wafer is cut into individual
devices. %éﬂcleeédsucﬁké?s ighteittifg Gibued P D IYdsNa inftHe SSectroRRVAGES
optoelectrorib dedces tantbefabricaed ik {lideway. (ODBEHN a, typlewed'mmimdapqtldeposition
process, pumarpys yafersarepeidan adeyipe.coqupenlvgrefergd {g.asa wafer cargier;sp that a top

surface of each wafer is exposed at the top surface of the wafer carrier. The wafer carrier is then
placed intd 4 Fe¥8Yon chamber and maintained at the desired temperature while the gas mixture flows
over the di¥8¢&d of thelwafer cduyieichk is incpertanttb nmaaytain udigras condiionsmataalkpoints on the

top surfagemabevariguswalers athe cayrigr duinadhe praesss, MineL varatiens in.cgmposition of
the reactive gases and.,in the temﬁerature of the wafer surfaces cause undesired variations in the

propertied dt e T s&RicbRabcBr 585 o8 EdPERMSle St ey it iR hntSnGthPRRkAde layer is
deposited Watiatiohspn swfépserfade tdmpeorfer wikubdsse. varfdtonegafer carrier is

then placed into a reaction chamber and wmaintained at the
desired temperature while the gas mixture flows over the
surface of the wafer carrier. It is important to maintain
uniform conditions at all points on the top surfaces of the
various wafers on the carrier 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, if a gallium and indium nitride léyer 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 vapor pressure, the
deposited layer will have a lower proportion of indium and a
greater bandgap in 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 been devoted in the art
heretofore towards maintaining uniform conditions.

[0006] One type of CVD apparatus which has been widely
accepted in the industry uses a wafer carrier in the form of a
large disc with numerous wafer-holding regions, each adapted
to hold one wafer. The wafer carrier is supported on a
spindle within the reaction chamber so that the top surface of

the wafer carrier having the exposed surfaces of the wafers
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deposited layer will have a lower proportion of indium and a greater bandgap in those regions of the
wafer wivegexthe®upiace temperature is higher. If the deposited layer ismErTacspoey/ighzemitting layer of
an LED structure, the emission wavelength of the LEDs formed from the wafer will also vary. Thus,
considergble effort has heen devoted in the art er%tof re_towards maintaining uniform conditions.
[0006]Oneat§/%5 ofiAD paFa & Whiéh FASh&eR w’f&%‘fltalc%%pﬁeﬁaefﬂelﬂg ‘indu ses ¥ wafer carrier
in the forspdhalargéd sliscatidt admerd\s \eafer-hsldidgregtas, davhwanpled tortald bhe wafer. The

wafer cargigp is syppored op ashindie within the reaction.chambsy so that dhag toprsurfagg of the wafer
carrier havinrqithe exgmsed sur{laeces of Ih% 6\3/vafersf fatcrtlag upwfardly toward a gas (ﬂstributign element.

While thesélplnaFeeis 8?%358, the ga % théetea (?ownwardwaoﬁfo tﬁ%%ﬁ Wirface 8F theStafer carrier

and flowsgaérosssthestoponatace tdware tHegeriphagtébihe aladabeatrickhTheglsedgas s evacuated

from the reagtionchamberihrovgh pads dispaseskhelew the waler gawier. Thepvater carder is
maintained at ;she.degred ele\%zg[gd tgénsperg&ne @ggtiﬁ]g etlemen}g,ttl\{gical electrical resistive

heating eﬁ%arﬁgn%l&%pos%}’] below the botiom suiiface of the WaTSr CATHer. Thede heeé”]tltnlgnglements are

maintainedl aman&mperdpé eble the Hesked tamperamie bl fite watertsitacesl srsteas the gas
distributiciy; elesaru typically immabdeies ata tepperaturawelldraiowdhe dasired reggtien
temperatﬁree $Q as toegrevent gremature rea%tion o%ithgtqagestTherefo e heaE,11 g, ot‘r,ansgt rred from the

L. atln e Il arg mal aln empera, re € e
resistive heating Blefment to the Bottom Surface of the wafet carmier and 1Tows upwardly through the

wafer carfief ig et itGivRRIER Wifers [DOCAAItHR R coRSKERrasIR effBhdrRRBechgevEaR in the art
heretofora 1@ €esigitan©pmization efgiichegysiens, stihfvethendapeayemenswaid berdesirable. In

L Dl g e O SISl g i g s of e
INVENTIOKemature reaction o the gases. Therefore, heat is
transferred from the resistive heating element to the bottom
surface of the wafer carrier and flows upwardly through the
wafer carrier to the individual 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 better
temperature uniformity across the entire wafer carrier.
BRIEF SUMMARY OF THE INVENTION
[o008] One aspect of the invention provides chemical vapor
deposition apparatus. Apparatus according to this aspect of
- the invention desirably includes a reaction chamber, a gas
inlet structure communicating with the reaction chamber, and a
heating element mounted within the reaction chamber. The
apparatus according to this aspect of the invention desirably
also includes a wafer carrier comprising a body having
oppositely—facing top and bottom surfaces. The wafer carrier
preferably is mounted in the reaction chamber so that heat
evolved in the heating element will be transferred principally
by radiant heat transfer from the heating element to the

bottom surface of the wafer carrier. For example, the wafer
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[0008]One aspect of the invention provides chemical vapor deposition apparatus. Apparatus according
to this aspeabof/tbeiavention desirably includes a reaction chamber, aREE 0SNG re
communicating with the reaction chamber, and a heating element mounted within the reaction
chamber. The apparatus according to this aspect of the invention desirably also includes a wafer
carrier cocn%ﬁﬁéf%) a“b%y?ﬂ%viﬁ‘é) L(%%%site?%%c?ng%t%% ahcei ab%%% s%sirfaéncee}{’s‘.: THe t\?\(}zélfe'f%(l:%rrier
preferabpes peounted fretee redctivhechbfther dbXRaEA¥at evoheehinithe hehtndermast will be

transferred pripgipally byradiansdeatdransige frara the heating elemeattothsigottagssugface of the

wafer Camf&'r';(f“ examPIe,t_y;:jgl\ﬁlve%lfg_rL arrier may be mo%Jwtedvz;lak)Pve the heat@g.eleme t with the

bottom sBrface of e Body directly confr%%tiﬁg 1 (e)rhsea?‘lrﬁg eafem.enfnl'hseu 88837 of the Water carrier
desirably#esea phaddiiynof wagsidroldinBaelyiort aad SRBfRT subpordardath wafdicidlding region.
Each wafgs sgppart imadapteddo eldm wafes with metopsgdaceabdbgauafarexppsed-aithe top

surface of thhef body. osg{pre{)eorgbly, thﬁgbsofttom sgrfacglof th%ggd%istnon-planafr SO tha% the body
r e

varies in thickiess. As flti er explaine OV\P, ]iﬁeecﬁﬁere%’ces in thl&n‘ce%‘g cséﬁgea(ﬁﬁer%nces in

resistancelte heedroriductionntrasertkal drastiorhrariytheayafes caricthbeksiaBl; an
aggregatg shernmalhiesistanae babveanr tha/heatieg elermertand aniarbiirarydaeationr-gndbe top surface

of the wafgr carrier varies, directly with the thickness of the hody at that location. (0009)As further
discussege b%cfzevl\;ffh%esse d}rrflergr?c%:elss%a{ﬁ%?mhgf)rggfas%nc%ogagﬁl B)éluos%dltg c%alrtllf:peﬁ%gttel oariactors such
as bowing of €5& infershwRitAcatiRe vt aifciATiBAPrheat Bapsferdetwedh tREGFEBR Earrier and the

wafer. Thenramplanar betiona sudaca-angeelated-tidferansgdnibermaldasistancenean algo be used to

counteract other causes of non-uniform temperature distributionin he wafers and in the top surface of
the waferag%ﬁgfa[ﬁﬁloﬁ Cfﬁnrctﬁgrrlas%%cttg‘ﬁhe ﬂg\/ent%n providoes metho sao%progggé:lﬁa wafers. A

method a¥&fdffg t6 triRHsbect Bi e ifvehtioRdEdiRasy inQdde$ Bfe sRYSY of AouritfRffone or more

wafers orLayeafepgarrier so that each wafer is disposed within a wafer-holding region of the carrier

and expozgg @g]a top %l%rfa%% 0 1Lgee car, iesré thhes ggrri%r ti%\v/ving \é@{gisn tl'éelr elrcorrg(géjsctarj]%e within each
wafer-holding region. The metho 5esirallbly alS6 includes the step of heating a bottom surface of the
wafer carfiBE 5B hatIRetFATFRittEAthdRgRTARE Wale FERRRR TA&AAIRE tHE Hefdis ffifelevated

temperatare. Whilerige wafetharewaiibe €levaieth teaparatureyreastive gasses may heaapplied to
affect the gxposed,surfaces.aftheyaferg ag. for exarmple, by iggming g dgpgsit.on the gxposed
A non-planar bottom surface and related difference in thermal
resistance can alsc be used to counteract other causes of
non-uniform temperature distribution in the wafers and in the

top surface of the wafer carrier.

[0010] A further aspect of the invention provides methods

of processing wafers. A method according to this aspect of

the invention desirably includes the steps of mounting one or
more wafers on a wafer carrier so that each wafer is disposed
within a wafer-holding region of the carrier and exposed at a
top surface of the carrier, the carrier having varying thermal
conductance within each wafer-holding region. The method
desirably also includes the step of heating a bottom surface

of the wafer carrier so that heat transmitted through the
wafer carrier maintains the wafers at an elevated temperature.
While the wafers are at the elevated temperature, reactive
gasses may be applied to affect the exposed surfaces of the

wafers asg, for example, by forming a deposit on the exposed

.




WO 2010/024943PCT/11 S2009/004931 surfaces.In the method according to this aspect of the
inventionwiheonaierssmay be bowed during the step of applying reactive gasseses/oblssbowing causes
non-uniformity in heat transfer from the wafer carrier to the wafer within each wafer.Most preferably,
the varying thermal conductance of the wafer carrier at least partially compensates for the

non-unifofmity AR Heat trafBfer®5us8E e BERME 01 HY etBidthtSRERIct Ahethvention
provides awafet tanriert Kewuatehosriergcterdingrtaitiis aspgctaikthetapentioradesiyably includes a

body hav‘w@aeemtegaf@gm top aid basigm.uirfages and gentia) axis,exiending hetyeen the top

and bottom surfaces. The top surface of the body, typically has a plurality of pockets, each such pocket

having a PEAPRERT waFOfhe HatipHE AFalCaEEddT pocRet WiSst Pretembiy HAsLR pIGRAR) of
spaced-apaftgarojectirstin prefmrmbithe perphewatwalbreniotedsdm thendentralrads affthe wafer
carrier, therrojgglions being-adaptedto engage spacersangrt RAUHRRS of anedge pf a yafer disposed

in the pocket. As further explained below, such projections help to minimjze contact between the edge

of the walSPE tHe pBRSNerdt WA BntTR&B 6 Thotad t7E Watér EBfitdt8l R %he pocket. These effects in
turn tend {® ptdmote bettet tempetaiere WwHfornlty adrosshthe topvemtices of gachidafer. a

wafer carrier. A- wafer carrier according to this aspect of
the invention desirably includes a body having oppositely-
facing top and bottom surfaces and a central axis extending
between the top and bottom surfaces. The top surface of the
body typically has a plurality of pockets, each such pocket
having a peripheral wall. The peripheral wall of each pocket
most preferably has a plurality of spaced-apart projections in
a region of the peripheral wall remote from the central axis
of the wafer carrier, the projections being adapted to engage
spaced-apart portions of an edge of a wafer disposed in the
pocket. As further explained below, such projections help to
minimize contact between the edge of the wafer and the
peripheral wall, and help to hold the wafer centered in the
pocket. These effects in turn tend to promote better
temperature uniformity across the top surface of each wafer.
[0012] These and other features and advantages will be more
readily apparent from the detailed descriptioh set forth
below, taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a simplified, schematic sectional view
depicting chemical vapor deposition apparatus in accordance
with one embodiment of the invention.

[0014] FIG. 2 1is a diagrammatic top plan view of a wafer
carrier used in the apparatus of FIG. 1.

[0015] FIG. 3 is a fragmentary, diagrammatic sectional view
taken along line 3-3 in FIG. 2, depicting the wafer carrier in

conjunction with a wafer.




[0012]These and other features and advantages will be more readily apparent from the detailed

descriptiguosgiiiartholglow, taken in conjunction with the drawings. BRIpETAEs6652065bBPN OF THE
DRAWINGS [0013]FIG. 1 is a simplified, schematic sectional view depicting chemical vapor deposition
apparatus in accordance with one embodiment of the !}nvention. 0014JFIG. 2is a diagrammatic top

plan view'8%3 fafer cERRT ustainIRE appartius BFEET 1 R0LEFRIC? 358 5 ASRASRERY,
diagrammaiigectioneat views takercatodagrime 3-8 in FIGtRedepietihgdheevafer carfier irheonjunction
with a Waﬁ{vention.
[0017] FIG. 8 is fragmentary, diagrammatic top plan view
depicting a portion of a wafer carrier in accordance with yet
another embodiment of the invention.
[0018] FIG. 9 is a fragmentary sectional view taken along
line %-9 in FIG. 8.
[0019] FIGS. 10, 11 and 12 are fragmentary, diagrammatic
sectional views depicting wafer —carriers according to
additional embodiments of the invention.
[0020] FIG. 13 is a fragmentary, diagrammatic top plan view
of the wafer carrier shown in FIG. 12.
[0021] FIG. 14 is a fragmentary, diagrammatic top plan view
on an enlarged scale, depicting the area indicated in FIG. 13.
[0022] FIG. 15 ig a fragmentary, diagrammatic sectional
views depicting a wafer carriers according to a still further
embodiment of the invention.
DETAILED DESCRIPTION
[0023] Chemical vapor 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 is referred to herein as the "top" end of the
chamber 10. This end of the chamber typically, but not
necessarily, is disposed at the top of the chamber in the
normal gravitational frame of reference. Thus, the downward
direction as used herein refers to the direction away from the
gas distribution element 12; whereas the upward direction
refers to the direction within the chamber, toward the gas
distribution element 12, regardless of whether these
directions are aligned with the gravitational upward and
downward directions. Similarly, the "top" and "bottom"
surfaces of elements are described herein with reference to
the frame of reference of chamber 10 and element 12. Gas

distribution element 12 is connected to sources 14 of gases to
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W02010/024943PCT/US2009/004931 [0018]FIGS. 4-7 are views similar to FIG. 3 but depicting wafer
carriers gggakdineriosfurther embodiments of the invention. [0017]FIG. $rfiagmentasy: diagrammatic
top plan view depicting a portion of a wafer carrier in accordance with yet another embodiment of the

invention. [0018]FIG. 9 is a fragmentary sectional view taken along line 9-9 in FIG. 8. 10019]FIGS. 10,
11 and 1§%r@$%m§nt§p§’ &igﬁré?ﬁﬁ%%sl such as a carrier gas and reactant

gases such as a source of a group III metal, typically a
metalorganic compound, and a source of a group V element as,
for example, ammonia or other group V hydride. The gas
distribution element is arranged to receive the various gases
and direct a flow of gasses generally in the downward
direction. The gas distribution element 12 desirably 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 is 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 in the downward
direction from the gas distribution element.

[0024] 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, i.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 is arranged to rotate the
spindle about axis 22. A heating element 28 is mounted within
the chamber and surrounds spindle 20 below fitting 24. The
chamber is also provided with an openable port 30 for
insertion and removal of wafer carriers. The foregoing
elements may be of conventional construction. For example,
suitable reaction chambers are sold commercially under the
registered trademark TURBODISC by the Veeco Instruments, Inc.
of Plainview, New York, USA, assignee of the present
application.

[0025] In the operative condition depicted in FIG. 1, a
wafer carrier 32 is mounted on the fitting 24 of the spindle.
The wafer carrier has a structure which includes a body

generally in the form of a circular disc. The body desirably
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sectional views depicting wafer carriers according to additional embodiments of the invention.
[0020]F Iy ol i@ d6a@mentary, diagrammatic top plan view of the wafepcpri2oghamszin FIG. 12.
[0021]FIG. 14 is a fragmentary, diagrammatic top plan view on an enlarged scale, depicting the area
indicated in FIG. 13. [0022]FIG. 15 is a fragmentary, diagrammatic sectional views depicting a wafer

carriers actorkf§e6 a 381l furtRerehbiddtmeStePthe vEanfSe EFAIES DEdERTEPIIN
[0023]Cheatieal wapas glepositior zgpataius an astedante sdiheoeémbodimeheofdheupvention

ncludes g Jeaglon chambel.19 haxino &8s sletribdionelanient 42 ariangsd al.ansgad of the

chamber. The en ng the gas distribution element 12 is referred to herein as the "top"' end of the

chamber 3B HEBN P hHECGramBErBidieally SBREGGTece BR3¢ diSFE88H B the T of the
chamber ditiid nethehgratiationdl, frarhehoforefereticeu T has rtédovtuowarddaecign as,used herein

refers to the direction,away. from the gas distibytian glemsnt 42; whergas theypward difection refers
to the direction within the chamber, toward the gas distribution element 12, regardless of whether

these diré@fdis &raligited fifth e GFalitdtihar upWEra Shd dSARTARE i8S Sinfifarly, the "top”
and "bottoh¥ sutiaces of eferment3dareatescaibed dmndinnwijlo referentecto, theeffameedt reference of

chamber 10,anq, elament.12, 3% gistrigytion elerggnt 1z conneried e soEreg 1 pfgases to

carrier also has a fitting 38 arranged to engage the fitting
24 of the spindle énd to hold the body of the wafer carrier on
the spindle with the top surface 34 facing upwardly toward the
gas distribution element 12, and with the bottom 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 38 is formed as a
frustoconical dépression in the bottom surface of the body 32.
However, as described in copending, commonly assigned U.S.
Patent Publication No. 2009-0155028 Al, the disclosure of
which is herebyA 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. BAlso, the
configuration of the fitting will depend on the configuration
of the spindle.

[0026] wWafer carrier 32 has numerous individual
wafer-holding regiéns 40 denoted by broken lines in FIGS. 1-3.
Although the wafer-holding regions are demarcated by broken
lines in FIGS. 1-3 for clarity of 1illustration, there
typically is no discernable physical boundary between adjacent
wafer holding regions. The top surface 34 of the wafer
carrier includes a continuous main portion 35 extending into
the various wafer;holding regions. Main portion 35 may be

generally planar. Each wafer-holding region includes a wafer
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be used in the CVD process, such as a carrier gas and reactant gases such as a source of a group Ill

metal, typigalli @opaeiglorganic compound, and a source of a group V elgmeaniass/boiexample,
ammonia or other group V hydride. The gas distribution element is arranged to receive the various
gases and direct a flow of gasses generally in the downward direction. The gas distribution element 12

desirably J8RRR¥ EonAEaRERS a EBoldiR 'Y stem 1608 aHgB o cifadiate 4diquid thfbudiithe gas
distributigsaeteent:so astodiaiatain daep ierpérathrepbhe elementtsd awdésiredstgmpperature during

oeration fhaitet 14 i 21RciaHRge U A exfiayRharstem L3 AlAnOed (o Lgmpve goent gases

from the interior of the chamber throlgh ports (not shown) at or near the bottom of the chamber so as
to permit B8REAGSBS iGN e? g&dith theBowtvardBiretiorrirdiathe Sas SitRbutiBh eRdhBnt. 10024)A
spindle 2@ds-airamged withintie charfibes se4hatethercenirsl axiscR2 of trerspimdie éltends in the

upward agg doyiward directions, The spindlg hasa,iing 24.9Lis ip end, ig,2Lhe epd of the
spindle closest to the gas distribution element 12. depicted, the fitting 24 Spindle 20 is connected to a
defined by the main portion 35. In this embodiment, floor

surface 46 is nominally a flat surface, and ideally would be
exactly flat. However, practical manufacturing tolerances
typically limit its flatness to about 0.0005 inches (13 pum)
maximum deviation from a perfectly flat plane, with any such
deviation being such as to make the floor surface concave. As
used in this disclosure, the term "substantially flat" should
be understood as referring to a surface which is flat to
within about 30 um or less. Floor surface 46 is in the form
of a circle having a <central axis 48 substantially
perpendicular to the general plane of top surface 34. A
support ledge 50 surrounds floor surface 46, the support ledge
50 having an wupwardly facing surface which 1is elevated
slightly above floor surface 46. The support ledge 50 is in
the form of a loop encircling the floor surface and concentric
with the central axis 48. In the embodiment shown, each
pocket is arranged to receive a wafer about 2 inches (50.8 mm)
in diameter. For a nominal 2-inch (5cm) wafer diameter, the

upwardly facing surface of support ledge 50 is at a distance
D4 on the order of about 20 um to about 100 um, and desirably

about 20-50 um above floor surface 46 and the width Wsy of the
ledge may be about 0.5-0.7 mm. For larger pockets intended to
hold 1larger wafers, these dimensions typically would be
greater. The surface of the support ledge 50 desirably is
disposed in a plane parallel to the plane of floor surface 46.
Support ledge 50 is also recessed below the main portion 35 of
the wafer carrier top surface 34. Desirably, the distance Dg

from the top surface 34 to the upwardly facing surface of the

support ledge is about 75-175 um more than the thickness of a




In the particular embodiment is a generally conical element. rotary drive mechanism 26 such as an
electric maian griyasyghich is arranged to rotate the spindle about axis 22 7AvRsmtingselament 28 is
mounted within the chamber and surrounds spindle 20 below fitting 24. The chamber is also provided
with an openabIeSEort 30 for insertion and removal of wafer carrjers.The fore omgﬁelements may be of

conventididi BontRictsh. FRF SEFHAL - suitabRF re SETOP Lhamidts re ¥8ikE &rctdly under the
registered tradenedrkc BURBQBESC dnpibiei Yeeer fizsteurnénts, imsshofrikiaitvidw dilame¥erk, USA,

assignee of&hefreg%n%% Rllll%altlotr}l{OQZSe]lsrgsth% p%l’%/lvg d|t| nggglcg%glnrl{flG 1,a
[0027] A wall 52 extends upwardly from the support ledge 50
to the top surface 34 of the wafer carrier around the entire
periphery of the support ledge, and hence around the entire
periphery of pocket 44. Wall 52 is inclined inwardly toward
the central axis 48 at an angle A, typically about 10 degrees.
Thus, wall 52 is in the form of a frustum of a cone.

[0028] The bottom surface 36 of the wafer carrier body 32
is generally planar, except that within each wafer-holding
region 40, the bottom surface has a nonplanarity which, in
this embodimént, is a generally conical depression 54
extending into the wafer carrier body 32 from the bottom
gurface. In this embodiment, each depression has an included
angle o of about 120° and is on the order of 3-6 mm deep, more
typically about 4-5 mm deep. The depression 54 in each
wafer-holding region 40 is coaxial with the central axis 48 of
the floor surface 46 in that region, so that the depression 54
is aligned with the center of the floor surface. Thus, the
thickness t of the wafer carrier body 32 varies within the
region aligned with floor 46. The thickness is at a minimum
tmin at the center of the floor, at axis 48, and increases
progressively to a maximum tg.x outside of depression 54, near
the periphery of the floor. As mentioned above, the wafer
carrier body 32 desirably 1is a monolithic element of
substantially uniform composition. Thus, the material
constituting the wafer carrier body has substantially uniform
thermal conductivity. The thermal conductance of the wafer
carrier body in the vertical direction is inversely
proportional to the thickness of the wafer carrier body at any
location. The thermal resistivity of the wafer carrier body
with respect to heat flowing in the vertical direction varies
directly with the thickness t of the wafer carrier body.
Thus, at the central axis, the thermal resistivity is

relatively low; whereas, at the periphery of the floor
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wafer carrier 32 is mounted on the fitting 24 of the spindle. The wafer carrier has a structure which

includes wdaghomenasally in the form of a circular disc. The body desiraghly igfeusneabas a monolithic
slab of a non-metallic refractory material as, for example, a material selected from the group consisting
of silicon carbide, boron nitride, boron carbide, aluminum nitride, alumina, sagghire, quartz, graphite,

and comtiHEEERE therBef, e BR NithGEL 8 reHaEir? boafify BB LfF eRARTIE Ta RaMBIde Shitride or

oxide. Theddadyiokthe Wadér.carrier has a first major surface, referred to herein as the "top" surface

34, and a gegap majqr sudgas. Jefatied o grelp.as ihe dhotiaip: sudlgoe 3, e siyyetre of the

wafer carrier also has a fitting 38 arranged to engage the fitting 24 of the sg)lndle and to_hold the body
of the wal®t taFfer bh 1RO SpimtaSHith tRE toprurfE8d 33 acidg uplFardly toward e Jd¥distribution
element 1&hargkwith thedadttdrarsuréaesvd6 facimgsdokrestardbetowarchhe&ling elément28 and away

from the gas disfiguriop.element. Megely by way of exargple cthe v@%be%ierﬂ@a% 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 FAEPEFREY mithn (RESTARBUIREHEETmERE iR ETEd, I itth S 36%8RBAREd as a
frustoconitaigepréssien irethe hottamm surdacefoithebady 132. Howesver, asrdeseribéedascopending,

* commonly.gssigagd L, S¢ LatentPublication, Nea 2009015502814/, thedisslosuse efwhih is hereby
incolporated by reference herein, the structure may include a hub formed se ar?ely from the body
i

and the filfag maP BE5iheBrpotated 3 subha hutf 1o, th&"CohfiGuratdR of THE Hafity will®depend on
the configsmaticmofl they spimdie. JOOREIWVafe Ml rioSArsnanidraasindividal eafbr-weltknyg regions 40

denoted by broken ingsdn HG Se dikAthergh e vafesdialding regionsare damagatas by broken
lines in FIGS. 1-3 for cl$rity 0 iIIustéation, th%ﬁetgg';csall 1ils no digcerggg!teu h)isliicaililnbcgungsary between
adjacent WERYhoidifig TegBhsSHhEAGH surfafe 39°5F tRenkater SaRier includes a contmtious main

portion 35sepehdingliemstite Varicuswake tedighgire g Mais poriai g5 ¥aay Besfiaferally planar.

Each wafeimoldipgrienionincludes soxaten WO2QE0/024M3RET/USRO0I43493dasuppart adapted to
hold an indl\?/]idual V}/lafer 42.1n t2he [%aréigular e{Hg giment depicted in FIGS. 1-3, the wafer support in
each wafef: oéf&in% %g?éﬁ Tndita8s a-Cifeuiar pocKet 44 extending into the body of the wafer carrier
from the ni&g3Mdrtion 35 of the sAkhicei34, eanHd suwef pockedhavrmy aridor sarfadeds ¥egessed below

the generaligyehef tap sudaee 34 xlefined bythemaindqorten 3z Irtas aodinart flopr surface 46

Is nominaiy 3 Jel Sifpges g dsal npuit P exacty fat Howeys Pragical panyagiiing
conduction through the gas intervening between the heating
element and the bottom surface of the wafer carrier. The
radiant heat is symbolically shown at 56 in FIG. 3. The heat
transferred to the bottom surface of the wafer carrier flows
upwardly toward the top surface 34 and towards the wafers 42
disposed in the pockets 44 on the top surface. Heat 1is
continually transferred from the top surface of the wafer
carrier and from the exposed upwardly facing or top surface 43
of each wafer 42 to the surroundings, and particularly to the
relatively cool gas inlet structure 12.
[0031] In the operative position shown in FIGS. 1 and 3,
the bottom surface 36 of the wafer carrier directly confronts
the heating element 28. As used in this disclosure, the term
"directly confronts" means that there is a direct line of
sight between the heating element and the bottom surface of
the wafer carrier, which is unobstructed by any solid element

intervening between the heating element and the wafer carrier.
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typically limit its flatness to about 0.0005 inches (13 pm) maximum deviation from a perfectly flat plane,
with any wéch tdeyiatian being such as to make the floor surface concavier¥esgs@thindghis disclosure,
the term "substantially flat" should be understood as referring to a surface which is flat to within about
30 Am or less. Floor surface 46 is in the form of a circle having a central axis 48 sybstantially

perpendi@iar Yo gRneTHIPRRE oftbp Srfal®34. ¥ EG5poftIEddE 50 S5PdaREE Yoot Surface 46,
the suppait sedge:80 Havingarsupwesd | fadioy sutfaee wbadtiiselelatedrsliigRty abaWe Hoor surface

46. The sypport ledoe 50.isdn the fojm gt 3 lean easiqlingsthe floor susfacg and cpneeptiie with the
central axis 48. In the embodiment shown, each pocket is arrange%d to receive a wafer about 2 inches

(50.8 mmifirr didfneteReF ASERE/MaP2iRth ®EmSaTer FEAMERT MR upvard) factly shrface of
support ledge Qs &3, distarcida46odn thecordepokalsowr20 Am k6 abant 00 Ama andsesirably

about 20-§8p%rgiact%q\€; flaor gyrface 46 gnd the width W50 of the ledge may be about 0.5-0.7 mm. For
larger pocKets intended to hold larger wafers, these dimensions typically would be greater. The

surface oft B 2dpport #8dGE S0 de5REBIY S ispSBES i A5Stane fatalléfts the piBne &f¥iSor surface
46. Suppari dedgebbds alse recassed betovi thd meireportion 85dfsthenweafer caffrersopcsurface 34.

Desirably, e distayice. D50 fiam theslop sface:34 e hagipmardfacing sutaserotinie support
ledge is about 75-175 Am more than the thickness of a WO 2010/024943PCTIUS2009/004931 wafer
to be pro@ss@d For Ranfpld 9% LARRR caR i irangdl to BdcESE E&pphire-Faferd 8f Finch nominal

diameter plane perpendicular to the upward direction. The vertical
thermal resistance Rig.;4 of the wafer carrier body to heat flow
through the body, between bottom surface 36 and top surface
34, varies directly with the thickness t of the wafer carrier
body. 1In theory, because the distance H is smaller where the
wafer carrier is thicker, the resistance to radiant heat
transfer between the heating element 28 and the bottom surface
of the wafer carrier body is slightly less at those locations
where the wafer carrier is thicker. In practice, this
difference is negligible. Also, the resistance to convective
and conductive heat transfer from the heating element 28 to
the wafer carrier bottom surface via the gas in the reaction
chamber may be less where the wafer carrier is thicker and H
is smaller. However, convective and conductive heat transfer
at all of the locations is small in comparison to radiant heat
transfer. Thus, the wvariation in vertical thermal resistance
R,s.3¢ between heating element 28 and bottom surface 36 is small
in comparison to the variation in vertical thermal resistance
between the bottom surface of the body and top surface of the
body. The wvertical thermal resistance Rjs.zs to heat flow
between the heating element 28 and a particular location on
the top surface 34 of the wafer carrier varies directly with
the thickness of the wafer carrier beneath that location. For
example, for a location on the floor 46 of the pocket (FIG. 3)
near the central axis 48 and aligned with depression 54 in the

bottom surface, the thickness t of the wafer carrier body is
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and 430 nm nominal thickness, 1)50 may be about 500-600 um. [0027]A wall 52 extends upwardly

from theyggpparuiadge 50 to the top surface 34 of the wafer carrier arogqgad/tis2emninasperiphery of the
support ledge, and hence around the entire periphery of pocket 44. Wall 52 is inclined inwardly toward

the central axis 48 at an angle A, tygically about 10 degrees. Thus, vxall 5%{':3 iﬁ the form of a frustum
of a conETBB28FhetittdtR SulatE SE°5FthRater EarfidPBod'32 s gehdra L

)9 % gnar?%xcept that
within each wafer-Hdldimg régionet; tHenbottamighfice. hashe néhdlakaAsswitiehrdn tARSembodiment,
is a generally cepical gzeﬁres§@ng§%§ggqn'ding into the wafer carrier body 32 from the bottom surface.

In this embodiment, eac 'Béepressiqn has an included an)&le ﬁ of about 120 and is on thedorder of 3-6
mm deepl $A3P typicAiRFabdtR 28 HitPlee R HIREG8pre8ion 4 in®achtWafer FIERG 2 gion 40 is
coaxial witinitheccenteal axisoA8 ththesflipossudfacmp4Girfirteedidnodo dratithealepredsion 54 is

aligned with the,ganter pf thefloar surfage. JThitk. dBe thigkaess hebiewaterpatrienbedy 32 varies
within the région aligned with floor 46. The thickness is at a mlnlmgm tmth a};[ the cgg}t:er %f the floor, at
axis 48, At HcFelde LprRyTEs Krell if EahakivGh (i Siltsildor Yeprissitit 53- A&kr fie periphery of

the floor. As meptionad @bpveotieowatensarkierodhda desirably i3 aympsolithicelefrant of
substantially uniform composition. Thus, the material constityting fhe wafer catrier Qggy as
substantighé u%ﬁg?“r%'?hg% gffcsonodfuhc’flg\‘/ﬁy. he ?ﬁérmaﬁlgc%n%%tngnfcee' offti{leawa?ér carnerJ&ody in the
vertical directopeiivessely propéiphal tBuRB tHIEksslof HMAATer cCBFFCEYEE at dMFlocation. The
thermal resighviteqf the waferssasser bedy ndthumspectia-beaatflaaingts tba vetkcal dikection varies
directly with the thickness t of the wafer carrier bg Thu,f,hgt gp GRILr | axis. dhe therma resistivity is
relatively?c?w;g \/Svh?cé(r)ea‘l%r,l %?%ﬁé’ %grip%e?{/ 5?%(_3? o%?ks'urface, the t ermgf résistivity g’f the wafer carrier
body is retatively hiyh ffbRofRcopRYativAC ittd Rrfidr CEANEFR |F&tedRIIR WRiErs#EEnd Blaced on the
spindle 284FiGel ) in the-aperaitverpgsition shewtr Asalest seemjiaddCor3, the petiphentof each

wafer 42 5%%%9&5“&%‘%?PgHéegﬁ%%Qchiefg@@aéébﬁo%r'a%@%%%enc&hg wafsx andthg support
ledge is at'a minimum, as for example,

about 1 mm or less. The_top Surface 43 of each wafer is nearly
coplanar RAPCRBSMailNHEREcN 32 ofthBvaker cafter I0h SurfaBe B dFHunthfsteaERtpbTket. The
bottom sukfase=45 of entcdh wafet faces woivmiasdlyatoinsrd thie-floorsusfade 2i6s bends spiaced above

the floor srface. The gas supaly,anpacaius A and gasisunply Slarmsnike e operatedyto supply the
reaction gasses, and spindle 20 is rotated sg as to rotate the wafer carrier about the axis 22 of the
spindle. and the wafer, and from the thermal gradient imposed across

the wafer. In the example shown, the bowing makes the wafer
convex in the upwafd direction, i.e., makes the top surface 43
of the wafer convex . The degree of bowing is greatly
exaggerated in FIG. 3 for clarity of illustration. Typically,

for wafers of about 50 mm diameter, such bowing Dy typically is
on the order of about 5 um, although greater bowing, on the

order of a few tens of pum may occur in some processes with
wafers of this diameter. For a given process, the bowing Dy
tends to vary with the square of the wafer diameter. Thus, if
all other factors are equal, a wafer of 6 inch nominal
diameter will exhibit 9 times as much bowing as a wafer of 2
inch nominal diameter.

[0034] The temperature prevailing at the top surface 43 of
each wafer depends upon the total thermal resistance between
the heating element 28 (FIG. 1) and the top surface 43 of the

wafer. At any point on the wafer aligned with the floor 46,
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[0030]As the spindle and wafer carrier rotate, heating element 20 heats the bottom surface 36 of the
wafer cayighpronipally by radiant heat transfer, with some convection apgeensdeligssthrough the gas
intervening between the heating element and the bottom surface of the wafer carrier. The radiant heat
is symbolically shown at 56 in FIG. 3. The heat transferred to the bottom surface of the wafer carrier
flows upwaraly@hrd HRE B SurFase 8hadiftPtonard theSWifePs 45 RfispERBUTHTAED 0ERetS 44 on the
top surfacaxdieatis keatinyalynisdesfeisedwram thhtophaurtdery okethemwater zarriend@ndieom the

exposed ypwardly facing o1 topssurface 43 af each wafgr 42 ig the surrqundings, and particularly to the

relatively cool gas inlet structure 12. [00311In the operative position shown in FIGS. 1 and 3, the
bottom sFERIF 36 gt the WeteCOHARF BireRLPESHFSRsHhE HRAERG™ISHERRSS. ABUsERSN this
disclosure liberternr ' tlireetly 6pnirbatst esdans that therensaa direntiling: Dbsight besweeinehe heating

element ang the pottam surfaceof thewalsr carrier, whichds yrobsiructed Ay.any solid glement

intervening between the heating element and the wafer carrier. The bottom surface 36 of the wafer

carrier de§HaBK IS HIEFES L4t a HalidE HESIFE BN RehinG SRMERE 98, FREMERANTRSs greater
within depressions e itfis at asnakimons bladn, aiclie deepestpantoheaeh depressivand4, and at a

minimum,11m, aufside of the, depiessiops. Distance. | vatissanposiiely iy thigkness £dGR32]Unless
otherwise specified,as used in this disclosure the tem "vertical thermal resistance" refers to the

resistanc& {3 FRSE TG in‘the BPRATARMER DN pBRGART™ acToss the entire water

carrier. In theory, because the surface of depression 54 is
at a slightly greater distance from the heating element than
the surrounding portions of bottom surface 36, there is a
slight increase 1in resistance to radiant heat transfer
associated with the depressions. In practice, this difference
18 negligible. The resistance to conduction through the
wafer 42 is also substantially uniform across the entire
wafer. However, the resistance to heat transfer from floor
surface 46 to the bottom surface 45 of the wafer, across
gap 60, varies because of the bowing in the wafer. Gap 60
typically is filled with a stagnant layer of process gas.
This gas has relatively low thermal conductivity, and hence,
the resistance to heat transfer across the gap provides an
appreciable portion of the total resistance to heat transfer
between the heating element and the wafer top surface. The
thermal resistance of gap 60 is directly related to the height
of the gap. For those portions of the wafer close to the
periphery of the wafer, the height of the gap is simply the
height of the support ledge 50 above the floor surface, i.e.,
D46 . However, adjacent the central axis 48, the height of
gap 60 is increased by the bowing distance Dy of the wafer.
Thus, the thermal resistance of the gap is at a maximum near
the central axis 48.

[0035] The varying thickness, and hence wvarying thermal
resistance of the wafer carrier body 32 provided by

depressions 54, counteracts the effect of the varying thermal
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of area in a horizontal plane.A "horizontal" plane is a plane perpendicular to the upward direction.The
vertical thegmab/egisiance R36_34 of the wafer carrier body to heat flopcthiougtvthadaody, between

bottom surface 36 and top surface 34, varies directly with the thickness t of the wafer carrier body. In
theory, because the distance H is smaller where the wafer carrier is thicker, the resistance to radiant

heat tran3fe? bEkARER the ARG elemBNt 28 AT AREBOUSRESGHRES ¥t e WaréBearklF body is
slightly less ¢ thasedecatorisodherbdbe wafdmeanrigriis thizkerr & peaetives thisvtdference is

negligible. 4l5Q . the resistance fa copyuectiye andgondegiive heattransier fromdhgheating element 28

to the wafer carrier bottom surface via the gas in the reaction chamber may be_less where the wafer

carrier is FHEREEENAHRGE LirallEL HHFHENSE convEGRIS SN FESTRTivE Béat tFAIsfer a3t of the
locations t$hemadllinnesm parisae td radiathlee dtsedrisier. ellussithe varigbion o estivsl alsermal

resistancg R28,.36 between heating elemgri{£8 apd:hefiomauface 364s syaalldagonparison to the

variation in vertical thermal resistance“between the bottom surface of the body and to%surface of the

body. Th&GBHIH tFFIEYesiRgh e RIB1848 hefat fbtF BEiEEh I haShing 2IehERED8 and a
particularfidcationd@ thettbp surfate Bdnokthe Wafdrcagiy vafesdifedtlyavithethiesthigkeress of the

wafer cargigr-Bgpgatithal lecation. fof examplefor enecatianam thellaQi46,of the: pggket (FIG. 3)

near the central axis 48 and aligned with (iipression 54 in the bottom surface, the thickness t of the
wafer carfi8r b8dy 3¢ Bdualter ihin At harstore R28-34 is also small. At locations on the floor 46
near the dexi@edry, thertlickhieStaremas ana tHerefdradR28-34 ispeatef 00838y Mietepdsition

process builds upthe.comporndsenicendugier omtherexposed tamsifagerd3 ofsaghmyafer 42.
Typically, the first semiconductor layers deposited are in the nature gf a base or léff r Ig¥er which

may be ofi e FrderoP AR ERthick, fEIfotiEF By VoFy HIR Bt e ay&R HRERTOL AT the Active layers
of the devi¢e FAL&Ramiplg, ithadrED whkdnebiptrates mghiplevtRizgtuns watiE Q") structure,

the light-egpiftingdayges ofthe MQW:sirisdurewnay be aipthedyderet 20301 Angsteanms 623 nm) thick.

The active Jayers may, in turn, be followed by addjtional layers for purposes such as cargjer
confinem&mtS eleBfEHi Tnjedtidn, cuc‘r’Fé'?ﬁgdistribut%ﬁughd p g}%ica%f#{‘) ggtion.ﬁl}r?r?éz fhe d&position

process, Wafegsedsterrily BawieasetatiVelipedienpis ridamat ThBDoing tygiddRy arises from the

differencegndatticesconstantsbetiran-the depositet semigerdugtop materighand the wafer, and from
the thermal gradient jmposed across the wafer, In the e m%e own, the bowing es the wafer
convex in%ﬁ%%pc\:/%aeré |Pe‘%]t|r(1)%, I. .,urﬁg evs% %es%pegﬁrfé(cﬁee 4 15?%5%15 er égr\:\\{;'ex(.: e 5egree of

bowing is prEadeexdggera®d it RIG sherdarky oFfILSERESN. CPypreAIRe fRcRgfefS ofdSout 50 mm
diameter, sachdovinmPvw Bapisally iscormtheserdee pbaboubh v, althoughrgreatardyawing, on the

and during deposition of the most critical layers in the
device to be fabricated.

[0037] The thermal conductivity of the solid material in
wafer carrier 32 1is many times greater than the thermal
conductivity of the stagnant gas in gap 60. Therefore, the
difference in thickness (tpax-tmin) required to counteract the
effect of a given bowing Dy is many times Dy. For example, to
counteract expected bowing of about 5-7 pum, the difference in
thickness (tpax-tamin) desirably is about 3 to about 6 wmm. The
exact difference (tpax-tmin) regquired for a given application
can be derived by heat transfer calculations. More
preferably, however, the optimum value of (tpax-tmin) and hence
the optimum depth for depressions 54 can be determined by
actual testing using a test wafer carrier having depressions

of different depth and observing the effects of these on

-15~




order of a few tens of um may occur in some processes with wafers of this diameter. For a given
process wioezbowingsPw tends to vary with the square of the wafer diamme®usTinagifall other factors
are equal, a wafer of 6 inch nominal diameter will exhibit 9 times as much bowing as a wafer of 2 inch
nominal diameter. [0034 Th%\tevr\r;%gerature, grevail' at t}pae t suriaceoﬁs of lgaggsvgaf&r) ]gepends upon
the total tHEHARETPES%t SR ReRting efement %O%I'G. 1) and e fop Surface 43 of the
wafer. Atfmmpomnt ofi theNvaksedighBBsvittvafe 160 PAEC H5E tstaPthermbil Fediseaiceiig the sum of the
resistancg{[gﬂg,g{an&g;ahggggfgg Pstween the,heating-elemeant Z8-anshthekattom surfage of the wafer

carrier; the thermal reSistance associated with conduction hetween the tio m rfac_‘Le and the floor
% o 56 S‘lHtxém sOLﬁ?ace 45 of the

tto
surface 46°THE fesfdtaRce i hest ebhtiuction BiFoss the gap B0 betwden ?ft%el bo )
wafer ancities ibon swdaed 48ghhd thédpasismnEERI orf@udiRm thisighthe WeFELRESIEYAs discussed
above, thgesisiance,tp.radigpibeal transfge beavgendheheating eleraant dgwancihec hottom surface
36 is substantially uniform across the entire wafer carrigr. In theory, because th rfavg of depression
54 is at a"ShQhES gteFE%ﬁan%%efrovﬁ#ﬁé: heté)ﬁ)ngséjlgr%ecn@t tr?a?n t)nge1 Sltjgr?rllgunc w?eé:%l%ortio%s’ of bottom

surface 36pthereiiskil slighndnereashan rebistaifeed ERPartHeeR tfarifetAss RIABNGEY the
depressiqns. {7 pragticer this.diffgrenssds nadligikie. The resistancedeicondustionohrengh the wafer
42 is also substantially uniform across_the entire wafer.. Howeyver, the resistance.to ansfer from
floor surfa?é‘élﬁglt%hé}/ %?bg?ﬁ%@r’face Z&%e ofeg{] 2a elﬁe,tég}%s%%a%mégs\}a%ﬁes% Segéﬁges %%%he bowing in
the waferiSaptypiedly iDfitted withidbtagaaat IB)éRofro®ss T, YREFSs BaY iddtively low
thermal capgyetiVily, apd -aeaggcihe regis@nesmimheatiransfemactoss thegap provddsan
appreciable portion of the tatal resistance tq heat fer bgtween the heating element and the wafer
top surfacvéa}ﬁeeﬁ%?}rhal reésl‘stasrefé:é3 %&g%a%ﬁs 5%%% related to the height of th? ap. For those

portions of ehd erdferdsrye a5 iR peripheryisiiAE wafer SHETRFGht BRNES§HE isRampRf the height of
the suppayt keglgeffsalmaventhedoor sttfece dfe. eh346. widwevearaadiaresuthec eanttialldys 48, the

height of 60 is increased by the bowing distance Pighaf thewatgr. ThUS.; rma), gesistance of
the gap isggf% A Maximum near the. \égntra%%gis 48. [0035]The ve?rying thi(?knels%%%gg hence varying

thermal resigtnce of tREWARF Barrid sty 32BIRAGRIBY dePréIidRyBHRounteratis-fhe effect of

the varying-{hesagbs that the depressions 54 are overcompensating for the

bowing. A third carrier with conical depressions about of
lesser depth yields a narrower wavelength distribution than
either the first or the second carrier. Thus, depressions as
used in the second carrier, are used for further carriers in
production operations.

[0038] Providing differing thermal conductance by varying
the thickness of the solid material having relatively high
thermal conductivity provides a fundamental advantage, in that
minor deviations from the ideal difference in thickness
(tmax-Lain) have only trivial effects on the heat transfer. For

example, the tolerance on the depth of recess 54 can be on the

order of about + 10 pm (& 0.0005 inches), which provides a
practical machining tolerance. It would be possible to
achieve the same compensation for bowing of the wafer by
making floor surface 46 convex in an amount equal to the

expected value of D,. However, such an arrangement would

require tolerances considerably less than 1 pm, and would
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resistance to gap 60. Thus, adjacent the central axis 48, the wafer carrier body has minimum thermal
resistanggpwheyeasssemote from the central axis 48, the wafer carrier podyubamgeesmEr thermal
resistance. Stated another way, the total thermal resistance from the heating element to the top
surface of the wafer is R28-34 (the thermal resistance between the heating element and a point on the

wafer top GHFEcE 34 WiPHR HE8r 16F R 1RGisRIteS St thé Yap B ard the reidtafit tRiThigh the wafer
itself. Where shedanealaesistamcerobgaped®s.larger, R28-34 is smaller. [0036]The difference in

thickness ofthe,wafer carrieg in the Jegions aligned with.the flegr 48 of,eagh wafeghalding region is
selected to optimize the counter-balancing effect of the differing thermal conductivity in the wafer
carrier at BTRCSHEBETY t1RE protBsst KBRS HE mbEL Gritiédl 18RTs BRARES TS ick aretoiRed Thus, the
bowing diglanae Daipragressively modeasessdgpuy tepbsiton ol fite fisdtdayens, such Bikebuffer layers,

on the wafer tqp-surfage . Lhe aradicied bowingdpu useshioselechtherdifferenc in thickpgss between
tm, and tr should be selected to correspond to the value of Dw revailiggegfter deposition of the buffer

layers, a4ty dPdSGen drtfe MbstdficalTavars Fithe FavicR I B tbticdRd. 1Bo37]The
thermal centuativignaf the solichnpdteriakintweter tarridrs2iomanyttindepysséetisanithe thermal

conductiviy of the stageant gas ingap 691 Thexelore; the differencenn thickhess(irface .
-max" tmln) réquired to counteract the effect Of% iven bovxgltig Dgﬁ}ls many times Dlgr. For example, to
counteract ¥R ctEaHIWIRG oPREGALE-7 1 tnf HREARESHeEin HitSkn 88 fm AT dedfably is about

3 to abouti6 sns Sk exantdifferehceftisdect to FIGS. 1-3 requidistiforengivey.appieation can be

derived by, heat transfes calcylpgions: Mare preferably shgwensr, thengntimum value of (mx-tmn) and
hence the optimum depth for depressions 54 can bg dgge.m}%igr]_lled by actual tels}i(pg Lisjg%adtest wafer
carrier hat G Hepre GRS GF ditRTertdeply ABRAOhseving the effedts Ot these o~ 90°

with the support ledge 146 of each wafer-holding area. Thus,
each area of increased thickness 170 is in the form of a loop
concentric with the central axis 148 of the floor surface, and
hence, concentric with the support ledge 150. In operation,
the periphery of the wafer 142 within each pocket 144 rests on
the support ledge 150. This provides a more direct path for
heat transfer to the periphery of the wafer. Stated another
way, the direct contact between the support ledge 150 and the
periphery of the wafer provides thermal resistance less than
that provided by heat transfer through the gap 160 between the
floor surface 146 and the bottom surface of the wafer. The
increased thickness provided by the projection 170 increases
the thermal resistance of the wafer carrier body 132 in the
areas .aligned with the support ledge, and thus counteracts
this difference. This helps to minimize differences in
surface temperature between the periphery of the wafer and the
adjacent areas.

[0040] Additionally, the bottom surface of wafer carrier
132 has further projections 172 aligned with those regions
134a of the carrier top surface between pockets 144. This
provides still higher thermal resistance in these areas of the
wafer carrier. The interface between the wafer carrier and

the wafer 142 introduces appreciable thermal resistance. This
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uniformity of the deposition. For example, in one process for forming of GaN-based LEDs, wafers
processagmafirgbgarrier without any depressions 54 show a "bullseygg-patiesindeedds formed from
the center of the wafer have a relatively long emission wavelength, whereas LED's formed from the
periphery of the wafer have a relatively short emission wayvelength, indicating that the wafer top

surface 435R%fe ' RnTEREE apprediGBRITHEr thattth&hETer tSR sEHEERSR thé HePpheW of the
wafer duriig deposition oitiee fafetswhishoomtrol thg eanssisn deleterdytinyT hehdistridoiion of
emission yavelengths; is relativelibroadwith-mpre dhanip oftherwalers having eppissign
wavelengths more_than 3nm from the mean emission wavelength. A second wafer carrier having

relatively Fe@br@Hital R pFesiBNE 84 Gidi d§ BT Ps e ey e Patetn, WilR FEBSHGHT the center of
each waf@hkavingsedstahtially shatteremission WwaveapergthdeHaby EPsdjemttherseriphry, and with
a similarly. broad wavelength distglution, f hisindicades thatdhe depressiens 5418 avgigompensating
for the bowing. A third carrier with conical depressiaons about of lesser depth yields a narrower

wavelendtR Hi¥tAbBFontthan TR TR Hr& Br tHe SBtonBRhhid? OThdS debi@ssto®ss (€ed in the
second cairier tampesed forefurthet tarner§em proguctiorfeperatibhs. [0D38UProvidagpditfering thermal
conductapg@ byyapdng the thigkness ofihe,sqlid-atsiial having relatively igh thgrpakeonductivity
provides a fundamental advané%%% in that mingr. deviations. from the i eae&ldlfferegce in thickness (

traaw-taalWfHiR oRly Hivtal e “6n tﬁﬁ‘ﬂ‘éatt BENTA E5H Exampte, tHé BlefRnEE ot e depth of
recess 54sganf deesn tvsordefint aBbhif exkham (R0DOOSsIHEhEY), witlish brévidesceprutical

machining ialgeanga. tewelldhe-passible de wehicverhe same cosmansatian for hawingef the wafer
by making flgor surface 46fconvex in ap amount equal to the expecftegl value of D. However, such an

arrangem@t WoulPeiive & anced eSASidSFRbIY T82Shan ™ uft and woG  réiftire" S L omplex
machining processitbiforntthe flobekerfasdana degibemitegicoriexadhapes [0CBHAA wafee carrier 132

in accordarge, WiiB A ftsthengmbadigentofihs invendion dbkz. 4dhaepackats 1ddawith adloor surface

146 and aws%%[%ort Iedgeulr%(‘):1 siergilar t9 Itlhe{:{lelatuE:ess_;disc%%seedwa Qe ng rrg_ag?e%tato Fhlgavse. 1-3. The
bottom suffice 140°Bf the Wafer carrier accorg’lng?o?his embodiment Fas nonplaanitles In the form of

depressioherIBEaligRed WiththecdHirl aRiEC148 bl eaeh floer ShffaeePPREsSREatdfesBBerate in
substantiabytthersasernanaer asidiseissses ahove wdth espectderfid Gén 196 Additonally, the wafer
carrier 132 of FIG. 4 has further nonplanarity,in the rojecti or increased thickness areas
170 alignegal ﬁﬁ%ct%'e St?ggor%?&fgec%%g o?{gééh vgv}é er-?;l(c%hng :?r%a:g?ﬁﬁg, e%;frch%glr%awoéf%l%aeased
thickness AF0Kis8H tiid FRTOf B168p EBRCBALR WRA tHOReRtraFifis bsf (FRIOGSUrRR e, and

hence, cosgetitiicawithittie stippeitiedge-150:da operation ciherpetipheny df thesiafiesd?, within each
pocket L4gyests en dne sunpogtiedasel SQy,Ihis provjdes.gmece dirget gailforfiagt rasgler to the

periphery of the wafer. Stated another way, the direct contact between the support ledge 150 and the
periphery BPEE W éPFroid& thermal resistance less than that provided by heat transfer through the
gap 160 beoween the flone suddee 146 antethedaattofesutfaea of thermafers The indredsed thickness

provided Ry the yrgjectigr 1,70 increases the thermal rgsistance of the wa{ﬁ;vpg‘;ggrl boqdy,d32 in the
areas aligned with the support ledge, and thus counteracts this difference. This helps to minimize

differencedSREBFEEETEMAR R bEtFeeRIREPeriSHERASEhE ShfdiaifR the SGREEAL Zeas.
[0040]Addittoread [y] tee bbttpm satfaes of hmafertttarrimonical shape discussed above.

[0042] In the wafer carrier *332 of FIG. 6, each depression
354 is in the shape of a frustum of a cone and has a flat
surface 355 extending across the central axis 348 of the
pocket 344.

[0043] The wafer carrier 432 of FIG. 7 is arranged for use
in processes where the bowing is in reverse of that discussed
above, and hence, makes the wafer 442 convex downwardly, i.e.,
such that the bottom surface 445 of the wafer curves

downwardly toward the floor surface 446 adjacent the central
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132 has further projections 172 aligned with those regions 134a of the carrier top surface between
pockets W olvigprovides still higher thermal resistance in these area@©f/ttrovabesazarrier. The
interface between the wafer carrier and the wafer 142 introduces appreciable thermal resistance. This

tends to reduce the temperature of wafer top surface 143 below the temperature of th rrounding
areas defiifé§ by e tdin p ﬁior?iggec% Koy Shhior R TASE 1 34t gééio minimize

the wafer Garrier tsop surface 134. .eIS dé&irab
differencbs teeweertresecaemipe¥atarsd. The intrégsedhiermanEsistiviefprIngss by pfojections 172

counteragis{he effest afithe additional intarfacas, angd thus MaiptainsHbe tempetatures 0f the main
portion 135 close to the temperature <1f the W%f.er top.surftage 143fln this r%gar(%_, tl%e ggni%sivity of the
main porﬁg‘ﬁ 135 JFHE wat&Fcahiar ty%f%:%ff@/ Wil differ from the aerﬁgsi\(/:l%/ Sf'thie water ?op surfaces
143. The slifféaeree inemissivdty vl Taaatte e tehfsarblgre differeertiisoieen thRu$Rain portion
135 and the;wrigrdop surfacessWhaie theremissivity-ef themain parien is significantlyikigher than
the emissivit)é‘g the, wafer, the r'nairnlé:)ag)l[tigp1 ma ;[:enqlg%rurcl)gt Iow&réeeryperature than the wafer top
surfaces. T Egsle(f]iﬂSWaf%‘FEamer mayeh e &gpres‘éions, Father than projections, in those

portions dftte4dottomsurfued atigneerwithalie nfah? portieasidhadop s@rface. Infhstédse (not shown)
the portioggRidhaanales capiey alignad-wish the snaingsstien of dhe wedakeartier o sudpce will be

thinner, and have lower th ma}géesci:%tance%thamé (%Iportior%s, of tge w%fg E%arrier aligneqr\l/vith the
iar

pockets and ?grs.s[%)%mf h&Wafer Caffier 232 eplct%?]c‘]n FIG BTs simifar 1o the wafer carrier 32 of

FIGS. 1-3nHeowenss ahé xiephessionnesual tisholiinuerrie 240Uave afgeHeraIfFdsine-like shape
rather thasythergonical shape diseussedraaue. 50042] iethe water warderdiddetkis. G,seach

depression 354 is in the shape of a frusium of.a cone and has a flat surface xtending across the
contral AR E AN btk 2 ORI TS ror Cor A5 of L. L heAd o B i
processeyafirste thebowingds irthserse b thatahstitssethgbovel i héhed afiskes #ee wafer 442
convex dewnwesdly, ba., sHch thalibeiheiam stitacexbih ot theewaéerteirves covgwerelty toward the

floor surface 446 adjacent the cenfral WQ gO1M O789PLYYSa009400493  ea apart
from one another around the periphery of the floor, and hence
around the central axis 548 of the pocket. This wminimizes
contact between the periphery of the wafer and the support
ledge, and hence minimizes inequality in heat transfer between
the wafer carrier and the wafer resulting from such contact.
[0045] In this embodiment as well, each pocket 1is bounded
by a wall 552 extending upwardly from the interior of the
pocket to the top surface 534 of the wafer carrier. Here
again, the peripheral wall 552 is inclined inwardly as shown
in FIG. 9, so that the peripheral surface slopes inwardly
toward the central axis 548 of the pocket in the upward
direction toward the top surface 534 of the wafer carrier. 1In
this embodiment, however, the peripheral wall 552 is
interrupted by a recess 570 along a portion of the pocket
furthest from the central axis 522 of the wafer carrier, i.e.,
furthest from the fitting 538 which holds the wafer carrier on
the spindle and furthest from the axis of rotation of the
wafer carrier as a whole. Thus, the peripheral wall and
recess defines a non-circular shape as seen from above, as in

FIG. 8. The non-circular shape includes a pair of projections
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axis 448 of the pocket.In this situation, the gap 460 between the carrier and the wafer has minimum

thicknesgyandfoepgsminimum thermal resistivity adjacent the central apxggAA3o00bhwsothe
nonplanarities in the wafer carrier bottom surface 440 are arranged to provide a relatively large

thickness tm," adjacent the central axis, and a relativel¥ small thickness tmtg neaﬁO he periphery of the
S )

wafer. [0G24]A%kafEhEariBF 8355 chiing o & ATrthet Erin8dintaRE *SrREdhvetitioh H&% pocket 544
formed incthestop. surfabe &3 2pofdiewaines withie ezphordfertolding vewa msubstatiiwly the same
way as diseyssad abovs. Eachpecket 344 has & it floor sukface PhG. Hexe againurachypocket is
provided with a support ledge_to engage the perlph%g of a wafer and hold the Waf%r above the floor

r

surface 5AEMolRTerS e Bribbhimett2th8subpsrt e foF 84&EH FHRATS PRVidet as a plurality
of ledge regions:550:spasedsagart dbm one apcsthlee Biround Bler pegiphepyg v thiefloor, R hence

around thecentral.axis 24§ the pecket: This Binimizas-camtast betwaen theperipheryof the wafer

and the support ledge, and hence minimizes |2e%¥%ll%|n heat transfgr Ik}):?gveen the Waf% carrier and

the waferTeSuliigSFont stth toRthct J0045TR this RS Gimert e acﬁeprol&}éﬁsa ounded by a
wall 552 extehding upveardiofromsthéumtarps of flrepodier teene 1o saface 532 of tHEb®afer carrier.
Here again, the pecipheralpall 552 isinclined inwardboasshewndsid&: ©, sedhakthedqrripheral
surface slopes inwardly toward the central a>8' %48 ofithe aB(?_lclket in the.lﬂoward direﬁtion oward the
top surfa®F B3R e Rhfer REmidP 15 hiSEhbsEmert Hoiaver ThedthnBi WalFS52 is
interruptedaiyl a peckss BT alorgiaportontdfehdl pyakeridrifesicesm sxerbatal AxisBE of the wafer

carrier, i.g,q kthestdmithg fiting 338 whiehboldmtherwafer caripiqamthe: spindle anghsirthest from
the axis of rotation of the wafer carrier as a whole. Thu%éthe C{Jer%phergl wall %nd recess dtefines a
r dis h a

non-circufEPERRPE at°Sh f5ih above, BT 153, 8!'The non-circular shape Mcludfes a pair of
projectionsi 553 antregimtetdection 68 the THEUR e fpheFRionaHTaIE FEces THESe préfettions are

spaced apakhirom anei gRether asih disposeddan oppesitpesidpaofalradialiline 565 edrading from the
central ax'is 522 of the W&Egé garrier tt%reou‘?h the central ealg(is?]g48 of the .pocket. DLir'ian [l)$ration, the

Jtocations. .. se t. fer enga e ripheral 'w
acceleration C?UE‘ ?O rotation oru’centrl uga ?OFCQ acﬁna on the Wg?er \EI tend to force the wafer toward

the periptal Wegl irPtRs RIJidAS furthBsefront ¥RE EEAK al BFSBIR. THEre8dse5 @fterfdi€to maximize
the force Qheantactinatweenthe petipbary ofthe svafemand the el aly-3opiegherpheral wall and
thus maxi,ma{;:els %hle quwm’\(ﬁignfo{; es (;Frégd on the wafer, tending to hold the wafer in engagement
with the supporaf edge 55D er disggsed in the pocket will engage the wafer carrier at the

circular wa
projection$ 585 land rémaifdiRghtlyceackRFfroRfiRE SeriphEralREak ot IS SRS E¥tause the

wafer engagesdbegeripbetal wallenly-at theeprojections,Tiesat teansfet tirougly theeedgeiof the wafer
wil be minjgged, This e lo iz (emneraite Jarigtions g hawaler AQ080)y wafer carrier
c

having the pocket configuration discussed above with reference to FIGS. 8 and 9 may be made with or
without ndh:BrRES $€attfes b its bottom surface as discussed herein. [0047]In the wafer carriers

discussed @y with refereneewafer carriers discussed above with reference
to FIGS. 1-7, the floor surfaces are substantially £flat.
However, this 1is not essential as the invention can be
practiced using curved floor surfaces. For example, a wafer
carrier body 732 depicted in FIG. 10 is generally similar to
the wafer carrier. body 32 discussed above with reference to
FIGS. 1-3. However, the carrier body 632 has floor surfaces
646 which are deliberately made concave. The central portion
of each floor surface at the central axis 648 of the pocket is
depressed by a distance C; below the peripheral portion of the
floor surface, remote from axis 648. The concave £loor
surface makes the gap 660 between the wafer and the floor

surface larger at the central axis 648 than at the periphery
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to FIGS. 1-7, the floor surfaces are substantially flat. However, this is not essential as the invention
can be pxastiecaheusg curved floor surfaces. For example, a wafer ca®ier/biszyp7@awsepicted in FIG.
10 is generally similar to the wafer carrier, body 32 discussed above with reference to FIGS. 1-3.
However, the carrier body 632 has flgor surfaces %‘ﬁ% WE['%:Q arelde]!jge{attel meadg fcogégve. The
central pBtioht6t e%@hioor siifdde AFRESRFRFal axis 648 of the pockatis depressed

by a distance Cf
below thgaeripberalgortien s tiéa §looi sutfhee SRIMGORAPHFTAES 6418e THRWEHTEAVRWIGHS surface

makes the gap 650.betyean theawaferangd the,leonsyfaemiareeratite eantialaxis 648 than at the

periphery of the wafer. This increases the theimal rv(?g%a cewgfnthe ]gapa6r60 nae%?lag(i%m& in the
same mafier 2&eth& Wt owng PR of tHE WAREF Stated Hhother'way, the effects of the floor

surface chineatarensf med thé figeviardafovihgadw Siks GafehtivaI THREEaMbRRY R8T fibor surface

curvature.gad howing of thewafRrarecuisRcietby R aoaplanarinnndhe fewrnf amepression 654.
Depression 654 provides the carrier bodg WitQ; grlinimum.tgicknggs and hence ?igimumttrrl\ermal

resistancE I TRETRrrt axis5HS SRR the gap BBD has maximum thermal resistance. [0048]In the

embodimeit bh&EG. t1 dkedlor smdacesTURis BHRVERNT HiRe ¥ Eurvaiirs eRF thePMset surface

reduces thg.size.af the,9an, 760 geqr thereenirat axis 748 of dbe packehalpithenentipedinant depicted,
the wafer has upward bowing, which tends to increase the size of gap 760 near the central axis 748.
However e édiisEcurvature Cf is greater than the bowing Dw, so that the size of gap 760 is at a

minimum ezt ghe central ghis 24 atidngretthefmBLkesistAncEBRthelgay issaisdai Mifimum near

the centralaxis, TR gountarast theneombinack affects;of bovrieg anddioanstrtace ewwatue, the wafer
carrier body has nonplanarities 754 arranged so that.the thickness and hen egpalgﬁgistance of
the body edtbFhe&axts*F483MRn %rgotlél??gm t'heeaxcl:s?rt%gig]Aav}\%fser ?ergi]er shown in FIGS.
12-14 hapadbpsurfac&s34 heclelie dimant poiss 888%nd Putkatd B shitfar ¥ 173k discussed

above Witba@§%§p0%ﬁq&h65eﬁcfa Were agaiss eachpockatiaclodesadflons 84fesupporé ledged 850
and a pegPhera wall 852 prf?QseC“”go‘éPW%@'yU o Ehc?n%%%p%f&%%%%&*)eﬂl’i main §Pé§%§35 of the top

surface. %tgﬁéin?fﬁjeswg er‘carrier has a’central axis 822 and the wafer carrier is adapted for
mounting tbarspihdleosy inat the wetercda@icE il fdtEte abotitBuCR AxdSd@iing dpErafivi Each
pocket alsg.has aicentrahaxis1848akthe geometdc enstetiof the poekati Therperipheralhwall 852

ncludes ap arcyate porton, etending,lngs! STUUElY aigyng e padket cegirabaxs AR However, the

region of ﬁ]aeppelrlphe(afwa furthest from the central axis 822 of the wafer carrier has a non-circular
shape. ThidFegrBiaRIperipHRTAPWAIEhaROY HaF o ProjdctRMe B8 FRTECtfY ifRard§ from the
arcuate pemionaftbe pesiphbsal waliyOne sushrpbiectiohtiseshondrt imdetailgad 16, 1dh®rojections

853 are spaced gpart from.ong anofher an apposiiessidesafa tadial lige 8%extgpding fm the wafer
carrier central axis tﬁroug the central axis 848 of theg:)ocket. As best seen in FIG. 12, each projection
greater near axis 748 than remote from the axis.

[00489] A wafer carrier shown in FIGS. 12-14 has a top
surface 834 including a main portion 835 and pockets 844
similar to those discussed above with reference to FIGS. 1-3.
Here again, each pocket includes a floor 846, support ledged
850 and a peripheral wall 852 projecting upwardly from the
support ledge to the main portion 835 of the top surface.
Here again, the wafer carrier has a central axis 822 and the
wafer carrier is adapted for mounting to a spindle so that the
wafer carrier will rotate about such axis during operation.
Each pocket also has a central axis 848 at the geometric
center of the pocket. The peripheral wall 852 includes an
arcuate portion extending almost entirely around the pocket

central axis 848. However, the region of the peripheral wall
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853 has an abutment surface 857 facing inwardly, toward the pocket central axis 848. Each abutment

surface 8@ sjapeadmvardly, toward the pocket central axis, in the upwarerdisessipsnisem ledge 850 to
main portion 835. [0050]In operation, circular wafers 842 are disposed in the pockets and with the

bottom surfaces of each wafer in en%agemem; with the ledge 850 of the corresponqén% pocket. The
centrifugdMBrEE ShisfP ol Yot S oPthe W afer tafri& aldtft cBRREF a8 82> fentdo Jorce each

wafer outwarelty anaysfroratthpeentraliaxis.dgachn wafer it rast ageliestahe whliméatssuafaces 857 of
the two p%@?fti%}s %@%5%8’&Bﬂ%keé-sEhepﬁ?@j@e%q%a@nwwn@Q&p that whestheedge of a
wafer rests against the EFOJeCtIOI’IS, the waferis_.concentric Wltg the axis 848 of the pocket. Thus, the

wafer ovéRHis it REgEMEPEGHRRFARLINEhE entifd PefiBRBNFBIAEWARE. Statdd'3MBther way, the
overlap distares &0 (F6SFI@ antil3) betweentherisndS&dgersf |sdges 880 aprinthe fatiye of the wafer

is constant, Jhig ands tosauglize beat trangtes bspwaendie;hattorm Qf theswatek asskithegledge around
the periphery of the wafer. Moreover, because the edt%e of the &v&fﬂer cé)ntacts onl_ylthg small,

spaced-apaprof&igAs %%3?51@5&?%5?5?65&3%%}( 2 el SPthe Witer SRd the pafipheral wall 852
is minimizad, [665Hewatericatrier dseoluiisg tegenandthEZEmbbaimeERGT e ¢NRSGHIPI(FIG. 15) has

a configugagipmgenerally similaeta thewaigs carier discusagd above with retespaca tochiGS. 1-3.
However, in the wafer carrier of FIG. 15, each de resé&i}ortl:%mtin thg)r alt&c‘)&m gggacehig oefgset in a
horizontaP RS 201670548 3&6?/%8%)69/005%& difection from the center 928 of the-pocket. Thus,

the thinneistyrortidy of thewsafér cahver, idbketle highesradat adiductahBe afiRElovREdakErmal

resistance,;Haderies apertion:346a of the poskehflper460ffsetfrom the center of the floor. This

configuratjon ceén be used to couréteract the elgfe gsrof #nggggl t‘beﬁﬁ traar%sefer Jrosm Otgle d/va{%r caused by
process cohirfons sudhtad B?o%aeséognds fl%%/\}:plé &fns. Eor example, ina reactor with a rotating wafer
carrier, thehportiorebeeachandferéloBest s thectis®f tataresthe vafadarriet FRay B& cooled to a

greater degegstiandhe porion fudhest iga therxistof tatationcas-thapiarass gpssestow over the
wafers Witfha comgone%of Totié)n in the awal)r( from hgmaxis of r%taggn. @Po,t@g process gasses

flowing actBSs difi&ieht Witts of Fifdrent boFtioNs of e sante water may be at diffarent

temperaturesrier exapople, WiIRstehe mal-8urfiRe of gRARaféCcafirGe cotiéthaff R surfaces of
the wafer Jheterengratirgof theproeass gas vl depend on theapath wdtel theigas tekes before
reaching a wafer at the periphery of the wafer carger, If a-layge part of ath.gxiends, gyer wafer
surfaces a‘if‘r?(? %)ﬁﬁ/gatg%neallafo%ﬁg%%? pg’%ﬁrg)?t%%%as%%rér ﬁ?feav{/f'a?eer carrieg%gn surface, the gas will be
at one ternipershfre PRERFge paEdf BROISPLERRAIE BYe AR EIAREFris M ARASUTRER the gas will
be at a lowgetesdperatire aTha eehnigpessdisciassed-herein garbhewsedrs conngensatefor these

effects and maintain fhe 1p sfAces gt the yarioys wafeys atunifgmemperatuyggs, Ingyfirther

variant, these techniques can be applied to deliberately create non-uniform wafer surface

temperatufé$ eSuckRYeklgmfornt npetidies &af be GBI Hor exdfipRdto EBGNteTRELHR effects of

non-unifoigkteiashamt,concenttationsdtidtre processwgassesfioweng along, diffsrent paths.ap
distance D, (FIGS. 12 and 13) between the inner edge of ledge
850 and the edge of the wafer is constant. This tends to
equalize heat transfer between the bottom of the wafer and the
ledge around the periphery of the wafer. Moreover, because
the edge of the wafer contacts only the small, spaced-apart
projections 853, heat transfer between the edge of the wafer
and the peripheral wall 852 is minimized.
[0051] A wafer carrier according to yet another embodiment
of the invention (FIG. 15) has a configuration generally
similar to the wafer carrier discussed above with reference to
FIGS. 1-3. However, in the wafer carrier of FIG. 15, each

depression 954 in the bottom surface is offset in a horizontal
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[0052]The wafer carrier of FIG. 15 also includes thermal barriers 970.The thermal barriers inhibit heat

conductigrpowifiigtsgsbody of the wafer carrier in horizontal directions. $u¢ivRalsRispspvide thermal
isolation between portions of the wafer carrier having different thermal conductance in the WO
2010/024943Pell S2009/004931 vertical direction.Such isolation reinforces the effect of different
thermal cSHeRREEE. FREtheMSI bSRTEEMmal4Aciuek tHifteveRREN§ extendiiy RyerERf material

having Iomler_ﬁheﬁﬁalmtdimnivitaithahqhez_sﬂafnumﬂingimater'miohthEhmafhligheriﬁr. Akemnatively, the
thermal basriars may-he formed by fabrisating.the wafes carrier assapgrate Piecssand providing

interfaces between the pleces at surfaces which extend vertically within the wafer carrier. For example,

the carriet tiFIGE 15 hrIurRSKEMajbt PoTtiotr§01°dd iRy HePMaihForf6R bF thetbp Ehifface and part
of pocketfflasy946, ashiell ascnmigorpaiion 9¢2meflmngysrtio4ecof theutleerefeach pecket. The

interface or bagiier 970 may.Bedn thedgim efa cyadricalsrfacg surgunding the minog portion. In a

further variant, the minor portion may define the entire floor of each pocket. [0053]Numerous variations
and comBha65RS ofPiRFhinRE dRtGEse¥PabBl8 Wi fnediizdd Rith B3 d&F&ing frdiffthe present
inventionekiepleby way of exasagiepaltheiigh the invendonriws beéameseribetewith reference to

processing, ot galljumenittidesbaseesermiconduetors, thednveption can.he applisd 19gPregssing of
essentially any semiconductor. Thus, 11I-V semiconductors containing_one or more of gallium, indium,

and alumifffitin Ghbifio™#ith Sfe GIROFE of Hitroder? Piephorot8r &htintdHPant i senic can be
formed. Alsoti-afl sémmivorekictofs-and duneip &% semicbndimtetsisuchas siticen amddéeaond-like

carbon caj, bedyoeasedinesimilae Ways<Furthgk the inveaiongan e applisdin Rrpcessing

Operatlongwoatgerft?gg d(ta: %Sltlz?}?is of rotation. Also, the process gasses
flowing across different wafers or different portions of the
same wafer may be at different temperatures. For example,
where the main surface of the wafer carrier is cooler than the
surfaces of the wafer, the temperature of the process gas will
depend on the path which the gas takes before reaching a wafer
at the periphery of the wafer carrier. If a large part of the
path extends over wafer surfaces and only a small portion of
path extends over the wafer carrier main surface, the gas will
be at one temperature. If a large part of the path extends
over the wafer carrier main surface, the gas will be at a
lower temperature. The techniques discussed herein can be
used to compensate for these effects and maintain the top
surfaces of the various wafers at uniform temperatures. In a
further wvariant, these technigques can be applied to
deliberately create non-uniform wafer surface temperatures.
Such non-uniform temperatures can be used, for example, to
counteract the effects of non-uniform reactant concentrations
in the process gasses flowing along different paths.
[0052] The wafer carrier of FIG. 15 also includes thermal
barriers 970. The thermal barriers inhibit heat conduction
within the body of the wafer carrier in horizontal directions.
Such barriers provide thermal isolation between portions of

the wafer carrier having different thermal conductance in the
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(00543Numerous other variations and combinations of the features discussed above can be
utilized. kap examplesgnstead of varying the thickness of the wafer carrieCbagyodhveoaasnposition of the
body can vary within the area occupied by each wafer so as to provide differing thermal resistance.
Merely by way of example, a wafer carrier may have depressions in its b?lttomggrface which are filled

with a mS& ‘ot SRterFhasT Maving SuPStahfigh? higifer 7 IBWEF et mA! Tofda&iity than the
surrounding fratetial of:thercartier boutjutivameer, suchlzm efmibedimént banheesaddidvnal thermal

resistancg b theinterfages hetwaen maferals. Aag-spchdgieriaces williplygnge thedhggmal
resistance. [OOSS%‘GI'Shee embodiment discussed above with reference 1o FIG. 1 is a "susceptorless”

treatment APAratd iAhiFOREREE Y artsferfdif o the FEAHTY BieHEN 8§y t6the bottom
surface 3thef thefearriearSinalar printisiesacaivsd gpplide it-hppaestubaterethe hrat ketransferred
from the heating element to an intesmegliatg slement,Gonamonly wigredde asiacsuseaptor.” and

transferred from the susceptor to the carrier. However, such heat transfer (%esirably oes not include
transfer RFGUGRahace ifdd &ihSstayRalE Brocdde gaB ietiRerfthe SUSd&NSF ant hcesnbottom
surface af:sthenvhferecariien 1 [0056jAkHoudthhevinfentiorpiieien has Beenatesepbed \itiereference to
particular,gmpodiments Hit s tojhe yndersierd thagthrse erpbedisenss areiararghniyustrative of the

principles and applications of thegpresent mvgtlon. It is ther%fore to be}l{Jnge%sfggg tg%tSnumerous

modificaffHemBy e ffadR o TR illErativs shbodimerks Shd WhafSHer arrangements may be

devised withowtldepastirg fronothepspitit and 8e8paiof e peegetit invidflionfas-8e&fidekPBy the

appended £laldsn pocket. The interface or barrier 970 may be in the
form of a cylindrical surface surrounding the minor portion.
In a further variant, the minor portion may define the entire
floor of each pocket.
[0053] Numerous variations and combinations of the features
discussed above can be utilized without departing from the
present invention. Merely by way of example, although the
invention has been described with reference to processing of
gallium nitride-based semiconductors, the invention can be
applied to processing of essentially any semiconductor. Thus,
TII-V semiconductors containing one or more of gallium,
indium, and aluminum in combination with one or more of
nitrogen, phosphorous, antimony and arsenic can be formed.
Also, II-VI semiconductors and group IV semiconductors such as
silicon and diamond-like carbon can be processed in similar
ways. Further, the invention can be applied in processing
operations other than deposition.
[0054] Numerous other variations and combinations of the
features discussed above can be utilized. For example,
instead of varying the thickness of the wafer carrier Dbody,
the composition of the body can vary within the area occupied
by each wafer so as to provide differing thermal resistance.
Merely by way of example, a wafer carrier may have depressions
in its bottom surface which are filled with a metal or other

material having substantially higher or lower thermal
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CLAIMS: 1.A chemical vapor deposition apparatus comprising: (a) a reaction chamber; (h) a

gas inletgiugidieresynmunicating with the reaction chamber; (cyehessingoslesient mounted
within the reaction chamber; and (d) a wafer carrier comprising a body having oppositely-facing
top and bottom surfaces, the wafer carrier being mounted in the reaction chamber so that heat evolved
in the he AARFERIAFAEWIIl BRaFandbfre SHERIRHEHIng 2 shiAt o B bERBM SFfEteof the body
principallpdeyradiatione Hae bodydtaving anphardlieotwaser-heldmgarddidnsthé bodyrdefining a wafer
support "}Ségtgh%sgh%l@ingéﬁgiom%&%waé%&mortmé@@eted imBoldsgapafer with a

top surface of the wafer exposed at the top surface of the body, the bottom surface of the body being

non-plandP$GHRAIRE Bidy vardd HERFEIES, BRI ohE AT Fesistance between the heating
element grohas jarbitrarydocatibo dinthetopsistacesefithewafer calrigr varyirey diveetly with the

thickness,gidhe pody of thal\ocalien: 1 .2~ APREKEHS,AS Elfimeddn Saigh Lyyhergim L, body of the

wafer carrier is disposed above the heating element with the bottom surface of the bod)%directly

confrontinigfth& FRRGEBTEIBfheAEO™  BAPBERATIDSs BEFMRRtN eRint 1 %A (R gh&Snlet structure
is disposeghbabewe the-fwafer carierfancharranged & dire igasldowmpwardly pdwardsathe veafer carrier.

applied in apparatus where the heat is transferred from the
heating element to an intermediate element, commonly referred
to as a "susceptor," and transferred from the susceptor to the
carrier. However, such heat transfer desirably does not
include transfer through a space filled with stagnant process

gas between the susceptor and the bottom surface of the wafer

carrier.
[0056] Although the invention herein has been described
with reference to particular embodiments, it 1is to be

understood that these embodiments are merely illustrative of
the principles and applications of the present invention. It
is therefore to be understoocd 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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4. Apparatus as claimed in claim 3 further comprising a spindle mounted in the reaction chamber for
rotation gla@uidi@/yaetigal axis, the wafer carrier being mounted the spind:leﬁmsmt;aﬁmmmerevMﬂ:]sLLp 5.
Apparatus as recited in claim 1 wherein each wafer support is arranged to engage a peripheral portion
of a wafer and to hold the wafer so that a main portion of the wafer is spaced from the body of the
carrier. “M8IMPparatus as recited in claim 1 wherein each wafer support includes a floor and a

support ledge djsposqd aboye {0 flggrat the.peURbeEBALG 1Ay, cdypPPaIAS as recited in

claim 6 wherein the nonplanarities in the bottom surface are arranged so that within each
wafer-holding region the)body F&$ &G uRlBFR%hickness within a region aligned with the floor.
B.Apparatus as recitegyny claim Jawheramnewithin eachurafercootding regiongthe thinkness of the body
is at a Iocaé Qg:igimum gla Igg:a}tion aligned with the center of the floor. 9. Apparatus as recited in
claim 7 wherein within Sg%’h wafer-holding region, the thickness of the body is at a local minimum at a
location offset from thé@entér dreaé #B8r. 1B ApPIAHIGE RS FEGRPIn R ZERREFER within each
warfer-holgignrrgionatire thickness of the body is at a local maximum at a location aligned with the

center of the floor. (d) a wafer carrier comprising a body having
oppositely-facing top and bottom surfaces, the wafer carrier
being mounted in the reaction chamber so that heat evolved in
the heating element will be transferred from the heating
element to the bottom surface of the body principally by
radiatioh, the body having a plurality of wafer-holding
regions, the body defining a wafer support in each wafer-
holding region, each such wafer support being adapted to hold
a wafer with a top surface of the wafer exposed at the top
surface of the body, the bottom surface of the body being non-
planar so that the body varies in thickness, an aggregate
thermal resistance between the heating element and an
arbitrary location on the top surface of the wafer carrier
varying directly with the thickness of the body at that
location.
2. Apparatus as claimed in claim 1 wherein the body of
the wafer carrier is disposed above the heating element with
the bottom surface of the body directly confronting the

heating element,

3. Apparatus as claimed in claim 1 wherein the gas
inlet structure is disposed above the wafer carrier and

arranged to direct gas downwardly towards the wafer carrier.

4. Apparatus as claimed in claim 3 further comprising a
spindle mounted in the reaction chamber for rotation about a

vertical axis, the wafer carrier being mounted the spindle for

rotation therewith.
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11. Apparatus as recited in claim 7 wherein each said floor is substantially planar. 12. mg‘;}ls
as recitegyip flaimoygherein the top surface of the body includes a maggpRréReading en
the wafer-holding regions and each wafer support includes a pocket, the floor and support ledge of
each wafer support being recessed from the main portion of the top surface within the pocket SO that

the floor forms & bottofPRAFALEDT fife goikited B, Abpdfatds SORFGHR i LRMY B fherein the
thicknesssafiherodysbenaathatdeast cepad @f the pairipheral portion of a wafer

and to hold the wafer so that a main portion of the wafer is

spaced from the body of the carrier.

6. Apparatus as recited in claim 1 wherein each wafer
support includes a floor and a support ledge disposed above

the floor at the periphery of the floor.

7. Apparatus as recited in claim 6 wherein the
nonplanarities in the bottom surface are arranged so that
within each wafer-holding region the body has a non-uniform

thickness within a region aligned with the floor.

8. Apparatus as recited in claim 7 wherein within each
wafer-holding region, the thickness of the body is at a local

minimum at a location aligned with the center of the floor.

9. Apparatus as recited in claim 7 wherein within each
wafer-holding region, the thickness of the body is at a local

minimum at a location offset from the center of the floor.

10. Apparatus as recited in claim 7 wherein within each
wafer-holding region, the thickness of the body is at a local

maximum at a location aligned with the center of the floor.

11. Apparatus as recited in claim 7 wherein each said

floor is substantially planar.

12. Apparatus as recited in claim 6 wherein the top
surface of the body includes a main portion extending between
the wafer-holding regions and each wafer support includes a
pocket, the flocor and support ledge of each wafer support
being recessed from the main portion of the top surface within
the pocket so that the floor forms a bottom surface of the
pocket.

13. Apparatus as recited 1in c¢laim 12 wherein the

thickness of the body beneath at least a part of the main
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portion of the top surface is greater than the thickness of the body beneath the floors of the wafer

supportsywo 20idleApRAratus as recited in any one of claims 6-13 WthGﬁt@ﬁ@i@U}@pﬁjﬂGdgéW@sLL-P
substantially continuous and encircles the floor. 15. Apparatus as recited in any one of claims 6-13
wherein each support ledge includes a plurality of ledge regions spaced apart from one another
around tHRB&rhsHery bf [’F?éeﬂoﬁ?.p SUTg akFpar St HA e The F it any-Bfie SPASIREB 1P Nherein,
within eachwaieholsing segionhthefhody hasfa greater tiiekmegspiora segion aligned with the support
ledge than in an immediately adjacent region aligned with the floor. 17. Apparatus as recited in
any one of claimst1-13ppwhictuthe aedy eansistsiof asubstantiatlyenondlithid stabsofea refractory

material wiih or without 3, coglipg anthe slah. 5 <18 <GBetlad; ahRIOCesSING Walls camprising the
steps of: lZla) mounting one or more'wafers on a wafer carrief so that each wafer is disposed
within a wWeREREERTy FoGioh ke carrier and exposed at a top surface of the carrier, the carrier
having varying thermal conductance within each wafer-holding region; (b) heating a bottom
surface of the wafer cAMARAEBHEL h85 traRShiEY thiBughTike WaRr cBfrierhaimsirk the wafers at
an elevatethéemprratssieh suppdexwhiletewaferslardeatthe elevatedlity of ledge

regions spaced apart from one another around the periphery of
the floor.

16. Apparatus as recited in any one of claims 6-13
wherein, within each wafer-holding region, the body has a
greater thickness in a region aligned with the support ledge

than in an immediately adjacent region aligned with the floor.

17. Apparatus as recited in any one of claims 1-13 in
which the body consists of a substantially wmonolithic slab of

a refractory material with or without a coating on the slab.

18. A method of processing wafers comprising the steps
of:

(a) mounting one or more wafers on a wafer carrier
so that each wafer is disposed within a wafer-holding region
of the carrier and exposed at a top surface of the carrier,
the carrier having varying thermal conductance within each
wafer-holding region;

(b) heating a bottom surface of the wafer carrier
so that heat transmitted through the wafer carrier maintains
the wafers at an elevated temperature;

(c) while the wafers are at the elevated
temperature, applying reactive gasses to affect the exposed
surfaces of the wafers;

wherein the wafers are bowed during the step of
applying reactive gasses and the bowing causes nonuniformity
in heat transfer from the wafer carrier within each wafer, the

varying thermal conductance of the wafer carrier at least
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temperature, applying reactive gasses to affect the exposed surfaces of the wafers; wherei
the wafegsoare bewead during the step of applying reactive gasses and theThoszing aauses MCSLLP
nonuniformity in heat transfer from the wafer carrier within each wafer, the varying thermal

conductance of the wafer carrier at least partially compenpsating for the nonuniformity in heat transfer
caused BAHEHIMgEomPeRP At iifihdPhs éﬁtemﬂ‘%féiﬁ?ﬁrﬁgﬁﬁerém %%asﬁeﬁﬁ?%ﬁﬁﬁﬁng reactive
gasses indudes applyihg thewaagtive gasses to form a deposit on an exposed surface of each wafer.
20. A method as recited in claim 18 or claim 19 wherein the step of mounting the wafers is performed
S0 as to position £achavaket insdoraabavecd salistantiahaflat, Upwahdly davingtioos sepfacé of the wafer

carrier. ., 21 A method asjecited in clajm AQuhereindhe;stgp of naunting the watets s performed

S0 as to position each wafer above the floor surface. 22. A_method as recited in claim 18 wherein a
bottom stifad@ bl tife REREFLL TR HR &P B8P AtbrE HIMSiEnftiES i thE6ttom surface within each

wafer-holding region so that the thickness of the wafer_carrier varies within each wafer-holding region,

and wherein théStep &f MEdtiRFthaS iR sEHad® ifthddss dPefdting H£hBaty ERAéEtwhile
maintainingehe teatiog element oiretty confremting shebofiommedrfsce abtHeowaferiddrder, 23. A

method ag.fegited i.glaigy 22 furtherromprisingsihensterafyneving thealsraaasries dugg the
heating and applying steps. )
floor surface of the wafer carrier.
21. A method as recited in claim 20 wherein the step of
mounting the wafers is performed so as to position each wafer

above the floor surface.

22. A method as recited in claim 18 wherein a bottom
surface of the wafer carrier has one or more nonplanarities in
the bottom surface within each wafer-holding region so that
the thickness of the wafer carrier varies within each wafer-
holding region, and wherein the step of heating the bottom
surface includes operating a heating element while maintaining
the heating element directly confronting the bottom surface of

the wafer carrier.

23. A method as recited in claim 22 further comprising
the step of moving the wafer carrier during the heating and

applying steps.

24. A method as recited in claim 18 wherein the step of
mounting each wafer on the wafer carrier includes engaging a
peripheral region of the wafer with a support ledge on the
wafer carrier so that the support ledge holds a main portion

of the wafer elevated above a floor surface of the carrier.

25. A method as recited in claim 24 wherein in each
wafer-holding region the wafer carrier has a nonplanarity in
its bottom surface such that the wafer carrier has greater

thickness and lesser thermal conductivity in a region aligned
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24. A method as recited in claim 18 wherein the step of mounting each wafer on the wafer carrier

includeswogaginasperipheral region of the wafer with a support ledgepomr/iirzovsbescarrier Y tHdthe
support ledge holds a main portion of the wafer elevated above a floor surface of the carrier.  25. A
method as recited in claim 24 wherein in each wafer-holding r,qu_ion the ¥\l/afer carrier has a

nonplanalily th R BofRPSifackesfth thatthe hafdt HIRERAES GreaBPAtER tss a4 Psser thermal

conductiatyiigree egid nlalighedt Withrtheuwstspmet ledge than in an immediately adjacent region aligned
with the floor surface. 26. A method as recited in claim 25 wherein the step of mounting each
wafer on the wafer. carienéntivdesengagingatie periphaial postiorhefrtienwaker vetteppaded-apart

elements of the Wafer cayrier.gaopesativaly copstititing the SLPPRHIIGHES: engfs AyWaler carrier

comprising a body having oppositely-facing top.and bottom surfaces extending in horizontal directions,

the body REHHPS drakFsrRRfePholdify H&iShs, thE bt ARSI akarer SUBRbR iR 2ach
wafer-holding regidereactasudle wafercsupport befgy ad gptesittothold mowafdrewitsarpp™urface of the
wafer expg;&?eat the top surface of the body, the body having one or more thermal barriers inhibiting
conduction of heat in horizontal directions. 28. A wafer carrier as claimed in claim 27 wherein the

waler carrier hasfegions,of iflerent eI adkictane &by Hical gl egyppane e therml
barriers are disposed between the regions of different conductance. 29. A}&waf.er carriﬁ comprising
a body hahAf38PpositRy-1adfg &P gﬁar?aott%‘r‘ﬁgﬁﬁﬁées SHHHEERFal axfls eXRRHfATS bRtween the top
and bottodi serfacessthe topesurfasiyof theviody havirnglapdratity obfockatserable bdichgocket

having a perigheral wal, dheparipharal walhgf eachypecket baying,a pluralityfispagad-apart
projections in a region of the peripheral wall remote from the cgntral axis, of %he wgferé:a{ger, the
projectiomRBEHERAEPEP efifsie Shsled'abgH JOMBRE bf 8 t¥e BIPWater TispSa&d in the
pocket. a 3@afewafet Carrrer aorlanedagelairh 28hehereficsactrposiat has atdentrabRxis and the

projectiong gf¢he perigheral wall gh gachcpackebingluda wagrajertions spased apat:fam one
another and disposed on %p osite sides of a . . ,
barriers inhibiting conduction of heat in horizontal

directions.

28. A wafer carrier as claimed in claim 27 wherein the
wafer carrier has regions of different thermal conductance in
the vertical direction and the thermal barriers are disposed

between the regions of different conductance.

29. A wafer carrier comprising a body having oppositely-
facing top and bottom surfaces and a central axis extending
between the top and bottom surfaces, the top surface of the
body having a plurality of pockets, each such pocket having a
peripheral wall, the peripheral wall of each pocket having a
plurality of spaced-apart projections in a region of the
peripheral wall remote from the central axis of the wafer
carrier, the projections being adapted to engage spaced-apart

portions of an edge of a wafer disposed in the pocket.

30. A wafer carrier as claimed in claim 29 wherein each
pocket has a central axis and the projections of the
peripheral wall of each pocket include two projections spaced

apart from one another and disposed on opposite sides of a
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MCSLLP radial line extending from the central axis of the wafer carrier through the central axis of the
pocket. 31. A wafer carrier as claimed in claim 30 wherein each of the projections hasl@ALLP
abutment surface facing inwardly toward the central axis of the pocket and each abutment surface
slopes inwardly toward the central axis of the pocket in the upward direction toward the top surface of
the body.  r32.iAWwafetcarrierascldimed irf claim 30 wheremteach pasket hasra flaes andh&support

ledge having ag.upwardbi{acing surface elgvaled aheve 19 fiogl andbyberein each projection

extends from the upwardly facing surface of the support ledge to the top surface. 33. A wafer

carrier as claimed inyclaim,3 ein_The suppart ledge is in.the form of a logp encircling the flqor
surface and concer?t3r(|ic'wit ﬁqggc%%traga%slg th%spog gtlélnnedd wheérein ﬁénﬁ)r(%)é)cti'g)r}ﬁesra%qﬁirﬁéﬁs oned
so that when ®e edife oPANHELApS adaiist the prjedtiort the wafecis cdreetdc withweheddentral

axis of the pogk@brd the central axis of the pocket and each abutment
surface slopes inwardly toward the central axis of the pocket

in the upward direction toward the top surface of the body.

32. A wafer carrier as claimed in claim 30 wherein each
pocket has a floor and a support ledge having an upwardly
facing surface elevated above the floor, and wherein each
projection extends from the upwardly facing surface of the

support ledge to the top surface.

33. A wafer carrier as claimed in claim 32 wherein The
support ledge 1is in the form of a loop encircling the floor
surface and concentric with the central axis of the pocket and
wherein the projections are dimensioned so that when the edge
of a wafer rests against the projections, the wafer 1is

concentric with the central axis of the pocket.
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