2S' 2004 | METHOD AND APPARATUS FOR PREVENTI NG EDGE DEPOCSI TI ON FI E
_I NVENTI ON The present invention relates to an inproved 5 susceptohﬁaﬁﬁfﬁmh
nmore uniformy inhibits the deposition of process gasses on the edge and
backsi de of a substrate, and which nmgy be easily cleaned. 10 BACKGROUND OF
-THE | NVENTI ON Chem cal vapor deposition (CVD) is one of a nunber of

processes usegykplopasideddidrdd | M brAPEQTIRS SDceSoEbOORduGhor
substrates. : : X er is provided
with a susceptor configured to receive a substrate. In.-a typical CVD
chanber,Fthe 13 iuggzggi& ES pl aced into and renoved fromthe chanber by a
r obot bl : d by the susceptor during processing. A
precursor gas is Chas gegesdh® iheenBcotinrethamberot Bhougpravgas nanif ol d
pl ate situated above the substrate, where the substrate i.s .heated to
procé8ss %HﬁQQQﬁRﬁEHQ#%%,m@%%e¥%+ﬁ9rWﬁYtHEhﬁgﬁﬁé 5 ea883952§d°?b‘§g0 C. The
pr ecur sqt, 4as,J 6aRl S 010k Nen1ealiod sHESHEAKS 18U baCe stpsdepesi f ndhin
llayer thereon and to formvolatil'e byproduct gases, which are punped away
t hrough wihelcheaheve 252 ekhausteaysdem A primary goal of substrate
processing is to obtain the |argest useful surface area, and as a result
the greatest number of chips, possible fromeach substrate. This is

hi ghl i ghlgackdpounke OBECERE TEWANUEONr om sem conductor chip manufacturers

for zero edge exclusion on the sulstrates 30 esse l.e .t
por t%on of the sub ?%%%aguV?88€,QePﬁéﬂgéP§g(Eﬁg eé%e%gf t%ééha¥er,gﬁe
wast ed. SOy dPOssantsefiagbonspbeiconaiider iilmsl wde matecessli mon vari abl es

that effect the uniformty and thi ckness [
semiconductor subsgrates. To proc%gstg%gg@ggfégﬂ%§¥géxk98,the

a vacuum chamber is provided with a susceptor configured to
receive a substrate. 1In.a prical CvD chamber, the

15 substrate is placed into and removed from the chamber by a
robot blade and is supported by the susceptor during
processing. A precursor gas is charged into the wvacuum
chamber through a gas manifold plate situated above the
substrate, where the substrate is heated to process

20 temperatures,_generally in the range of about 250° to 650°
C. The precursor gas reacts on the heated substrate surface
to deposit a thin layer thereon and to form volatile
byproduct gases, which are pumped away through the chamber
exhaust system.

25 A primary goal of substrate processing is to
obtain the largest useful surface area, and as a result the
greatest number of chips, possible from each substrate.

This is highlighted by the recent demands from semiconductor
chip manufacturers for zero edge exclusion on the substrates

30 processed, i.e., that no portion of the substrate surface,
including the edge of the wafer, be wasted. Some important
factors to consider include processing variables that effect
the uniformity and thickness of the layer deposited on the
substrate, and contaminants that can attach to the substrate

35 and render all or a portion of the substrate useless. Both



-substrate, and contam nants that can attach to the substrate 35 anf%é@gc}ﬁm
all or a portion of the substrate usel ess. Both 25 NOV 2004 2

factors should be controlled to naxim ze the useful surface area for each
substrate processed. One cause of partpcle contam nation in the chanber is
deposition of material at the edge or on the backside of 5 the substrate.

Subst r at efedgesearfecmgiscalwqpﬂgbm @dmtrmldihﬁgi deposiirvizeli tie cusefud

control qver these sur.faces S de 05|t ubstrate edges can be
nonunlfo?H\rfaﬂad Snzgll e\/‘?ﬁé‘r #est aQ:I B Sasieds it tends to adhere

differently to di ebe@t rdamet ke pdr wads: tdbrmalmmm:ldrf n Ifhevaflestiser
dielectric |l ayer does naot extend to t he bevel, nmetal _may be deposited on a

silicon bE&vEFPCEAHICRUSE MadieHG! Af Shfapd%adt @rﬂeﬁb%lkf%ﬂk?h er8*that do

not aglhetge BhBBEEhYelO h®stubsld algyadgs and mvantualdevené®, or flake,
generating unwanted particles in the chanber. 15 Additionally, chem cal

mechani cBRXpBBI SRPAELitd ONofidif ifsdd tt® GRIGHHPY IRV SUrEheee o3 CREaEDSt r at e

coat ed wirhfs HEBG%E%%‘N a‘%t helh STBLAl S e ddies aGin e RAMA SN A9rkauUses any
deposits on the edge and backside surfaces to flake and generate unwanted

parti cl edddAtagrBad yoWwhaepsr owittds Imavderxes eash eifpl o3l t e° cadlie b8 t he
deposi tign f?%nBE‘E(iS/S%og%%%ﬂ%ﬁ%}lé$%rﬁaqgﬁ@fdgékevﬁil C%ff?é@nd“r

processi ng oys a shadow ring essenti aﬂ@y masks a
porti®n ehfethe peeilrettericoflAyeer sidest rraite dxtomd heo prive dssvghssesial

reduci ng_the overal |l .useful surface a of. the ubstrat 5. 1n light of
the currB8AY Bgnaﬁc?oﬁ#e?ero& & ale’ﬁ: gti’eovel't H's (ﬁ%‘ﬁﬁ)dﬁ}%% be%oni ng I ess
preferred‘hlénmtalgeﬂeamprt@ampﬁﬁmlmcs @wsgetrramgdmemu&\@heeelge of the

substrate for delivering ur e gas al o t he su rate s edge,tp thereb
prevent 8&68%&9’05‘% " SH}FES Crnf R gad'gdl‘?‘fﬁqtsu %r%@%ﬂt% tﬁé Re. d

deposi t i gangas tihgMuneaeiHdy pish@u_sdl]bﬁ rad ecrencefidmset i mits or prevents

15 Additionally, chemical mechanical polishing is
often used to smooth the surface of a substrate coated with
tungsten or other metals. The éct of peolishing causes any
deposits on the edge and backside surfaces to flake and
generate unwanted particles. A number of approaches have

20 been employed to control the deposition of process gasses on
the edge of the substrate during processing. One approach
employs a shadow ring which essentially masks a portion of
the perimeter of the substrate from the process gasses,
reducing the overall useful surface area of the substrate.

25 In light of the current demand for zero edge exclusion, this
method is becoming less preferred.

Another approach employs a purge ring near the
edge of the substrate for delivering a purge gas along the
substrate’s edge to thereby prevent edge deposition. The

30 purge gas limits or prevents the deposition gas from
reaching the substrate and thus limits or prevents
deposition on the wafer’s beveled edge. A third approach
uses a shutter ring and a purge ring in combination to form

a purge gas chamber having a purge gas'inlet and outlet



dep05|t|on on the wafer's bevel ed edge. A third approach uses a shutter
ring and a purge ring in conbination to form a purge gas chamber ha%iNY 2804
purge gas inlet and outlet 25 NOV 2004 3 adjacent the substrate's edge so
as to guide the purge gas across the fer's edge. A wafer typically sits
just inside (radially) the purge ring, with a gap therebetween.

Conventi gaabkLnRULBR AV ATL JBge & 24 UPd nim @& de ke epuebdegakso t he
substrate “support in an effort to prevent the ring from deform ng during

processi Agrosewsher wad@t'iig &dwe + her mal cycling which occurs within a CVD

brocessing charber , Liie. ) WD, 4 ngs. fofiel hel £s54def LAY 21 95) NG Hehe

Integrity of their shap onpromse their a ity to keep
parti cl epurgemrdenos intiitng 0Rydhe: rsuhsthe aveds. edgenvdht sogahlychamge t he

size of the gap, leadjn onon—unlformt of eoit' oD ag he
waferé)s é&&@g AL S AR %I#MII}JI% g o Jd‘gj%(g‘l% Ferl E “t her eon
can fl akgupghetcrieate By mard it q&m@h m@ r:my am:mt aefhemwafger

Further, in order for the rings to work effectlvel govmng and

par ti cul My Nor PFRCGSRHENE hdlPWENRY - b‘éuﬂ%‘au"e?ﬁl"yh ‘B% eﬁyF 1M8nove
deposi ti QR ; PRt %fc'c%lrs Whiteh (£ah @b 65 bbes 98Rg Okndhiske, of heaRdufgp@si t ON

the 20 wafer. Such cl eaning i ncreases chanber downtine, reduces throughput
and resulriggisn rﬂﬂf@l’@éﬁl@ﬁe&r atd fnrreost@sing\celer dimgeyratieed &RPdts for an

can Bb- SHERR B S e A S R R R Freoprestnt (nvent i on
over corres:atrhecprecsblfe:rmn afepddiet jorg osn athe byupsbvadehg adgebst Tatle Aasport
having a . remvahle S99 I Ngie LS 18.8R48 06 AoffBLELEBLnBRY B 2
deposition across the wafer’s edge. ‘As the aluminum rings
expand and contract, material thereon can flake, and create
15 particles which can contaﬁiﬁate the wafer.
Further, in order for the rings to work
effectively for shadowing and pﬁrticularly for purging, they
must be frequently cleaned to remove deposition material
which can alter the gap or flake off and deposit on the
20 wafer. Such cleaning increases chamber downtime, reduces
throughput ana results in higher operating costs.
Accordingly a need exists for an improved susceptor which
can reliably prevent edge deposition, and which can be
easily cleaned.
25
SUMMARY QF THE INVENTION

The present invention overcomes the problems of

the prior art by providing a substrate support having a
removable edge ring, which is made of a material having a

30 lower coefficient of thermal expansion (CTE), than that of
the substrate support. The edge ring and the substrate
support are configured for pin and slot coupling.
Specifically, either the edge ring, or the substrate support
include a plurality of pins, and the other of the edge ring

35 or the substrate support include a plurality of hollow



- 30 | ower coefficient of thermal expansion (CTE), than that of the

.substrate support. The edge ring and the substrate support are confi gzj'-ié'a”ﬂﬂla
for pin and slot coupling. Specifically, either the edge ring, or the
substrate support include a plurality,of pins, and the other of the edge
ring 35 or the substrate support include a plurality of hollow 2 5 NOV 2004

4 regi opsg06ns! BESsBLWhiiahwhiehpishs endyngrs tietherkhed . slDhe are at
| east as wide as a corresponding one of the plurality of pins and extend
in the dfteksi arci AtwhEaBtt B “IGSsBrtatte CQUBFFRCEh P arff coRtract s

during tBeqat by Cyel bhgs BAeh <f e i Qe @NLANAS & | SOOI M eflel S
sufficient to conpensate for the difference between the CTE of the
substrat eussppate angpphé E€RBacidst kededyatbants cging HhieEmye of process

tenperatures.to whi.ch,t ar_at i exposed. o] e susceptor
i's rrg%le 8¥C§fﬁﬁi'nubngcgn§% %@%t ﬁgog ge&rtleng |§acr%&§tg{ q{:rglréa% %:Q The
suscept osLEf pet EarmapcecmpyniBa teurfiolrerthel njdricheetkine sagtwreni tige e@TH of t he

plurality _of pins, with a thermally jnsul at] and by ensuring_t hat
each sl of\;fhﬁgg ﬁuﬁéﬁfﬁt\‘ﬁhisé‘ﬁﬁosrtgra&éJJt g:fh.e- t?#gqﬁggt%eene H g’fl%gto?‘f’ggpondi ng
15 one otntheaRhEr alfi by ok sk RempeuGit U tusedifct hehd hegpatayusi psul ating

pads thermally insulates both the pins and the edg;a%triéﬁ fromthe
subst r at BXBEpRErt . PYREedahe V1 ithG PP IR TR Het WdS W M n g2 nd!/ or,

PUrge) ri Rget ¥Rge FHRGSURS AL FURRAAmIMY include a 20 purge ring and/or
a purge gas channel. "Three pins which are radially spaced around a
substrate supporti A§esFusge®toam$ B frmanss ek BF tHHEIHRE sl ots which

extend radj twayr 5 TESREd s G d Ne SIS ¢ At Sr SYPROT & RE
surface, %E?éb%ﬁieggn%@ﬁgﬁé&éﬂ%f 25(3Tﬁ1e edgigl‘ri ngl 03? chEypr esent 2
i nvent i onheesidil ydensiudrrdngomadiuand b enraininydiat ovpcTEslahdhdge to

the pin aaggp%hohhci%'ﬂpliisn r%%[tvc\ﬁ _.'?_chta'}F t%!eqﬁéﬁé% acpfj asué)élt:f@ESonding

15 one of the plurality of pins, such that use of the thermally
insulating pads thermally insulgtes both the pins and the
edge ring from the substrate support.

The edge ring may be either of the shadow ring
and/or purge ring type. The substrate support may include a

20 purge ring and/or a purge gas channel. Three pins which are
radially spaééd around a substrate supporting surface, and
which interface with three slots which extend radially
outwardly with respect to the substrate supporting surface,
are presently preferred.

25 The edge ring of the present invention resist de-
formation, due to its relatively low CTE, and due to the pin
and slot coupling between the edge ring and substrate
support. Further, the pin and slot coupling enables the
edge ring to be quickly and easily removed for cleaning, and

30 thus reduces chamber downtime.

Other objects, features and advantages of the
present invention will become more fully apparent from the
following detailed description of the preferred embodiments,
the appended claims and the accompanyihg drawings.

35



support. Further, the pin and slot coupling enables the edge ring to be

" quickly and easily removed for cleaning, and 30 thus reduces charif NOV 2004

downtime. Qther objects, features and advantages of the present invention

wi |l beconme nore fully apparent fromthe follow ng detailed description of

the preferred enbodiments, the appended clainms and the acconpanying

drawi ngs, 35 ZP'NEyI;QO4 5.'B' HRE CRILPTION OF THE DRAWNGS FIG 1 is an
Eperspective :M o —a—+ asPect of an inventive susceptor;

FIG 2 is a side vigw, 1injpeahi Beplopadt pedfspdiaive fuildd abpectioétt he

inventive susceptor; 10 FIG 3 is a side view, in pertinent part, of a

second asireaet off te {nventive SUSEEPLEEY FIG 4 is a side viewin

pertinent part of prghisd;saspeshieolibhe iiRYRALIMG HISGAOriof| R SA and

5B are side views o¥ a fourth aspéct, in'pertinent part, of the inventive

sgscﬁptinrsuuhiﬁékt60fsthesideeutéweiﬁug@ﬁmﬁmgnt part of a fifth aspect

of the inventive s eptor, 15_DETAI LED DE | Pl FERRED

EMBCDI MENTS FI G nyg'a% é%p?oagg’pgﬁggégﬁsv Qﬁggﬁéﬁyfiégﬁgt aspect of an

i nvent i veestistepipscilar The suseeptior Blacegpompri ses a substrate support

13, adapted for pin_and sl ot

_ coupling w.th an edge rin such_a ur.ge
ring 15. 20 Specifit@t1§, *Fhd §&a§tF & i et Qﬁnﬁﬁk%e gt%rgggﬁ ns
19a-c wh@§§b@gt@ﬂdtMQMQﬁdéﬁtﬁh@nbhheebQ@r&urface of substrate support 13.
The bottom surface_of the pur%e ring 15 conprises thre hollom1regions or

sl otld 17 positionellT€®- Pht 8facd @ th SRk ¢ Aing R THePshbst rat e
support 25 J3-CONPRESBara, Ceft Ak WalRhntSURPiddiptsd f aged 13a, and the

FIG. 6 is a side view in pertinent part of a fifth

aspect of the inventive susceptor.

15 DETAILED DESCRIPTION THE PREFERRED EMBODIMENTS

FIG. 1 is an exploded:perspective view of a first
aspect of an inventive susceptor l1lla. The susceptor lla
comprises a substrate support 13, adapted for pin and slot
coupling with an edge ring, such as purge ring 15.

20 Specifically,‘the substrate support 13 c%mprises three pins
19a~-c which extend upwardly from the top surface of
substrate support 13. The bottom surface of the purge ring
15 comprises three hollow regions or slots 17 positioned to
interface with the three pins 15a-c. The substrate support

25 13 comprises a central wafer supporting surface 13a, and the
three pins 19 are equally spaced radially around the
substrate supporting surface 13a. Each of the slots 17 is
at least as wide as the corresponding pin 19, and extends
radially outward from the center of the substrate supporting

30 surface 13a, in the direction in which the substrate support
expands and contracts during thermal cycling.

The substrate support 13 is preferably made of a
metal such as aluminum, as is conventional. The purge ring
15 is made of a material having a lower CTE than the CTE of

35 the substrate support material. Preferably the purge ring



surface 13a. Each of the slots 17 is at |least as wde as the corre

pin 19, and extends radially outward fromthe center of the substrate
supporting 30 surface 13a, in the diregtion in which the substrate support
expands and contracts during thermal cycling. The substrate support 13 is
preferably made of acramial slbk adoalsuti’nemteasl ias leomudntwhardl .isThe purge
ring 15 is_pade of a material _havying | ower. CTE t han .t he CIE of t he
Subst r at e EEOERRC nbb o PHPENBREFoF BB § e prGs oGS & Hou TS0GH S 15
made of geremd csudberstet suppoext padea ibenghlll whieclTTES o SuWHd gharge t 0
conpensate for the difference between the CTE of the substrate support

mat er i al L@ Thke OTEL of OVRE BORgEANERNG INRESFERS, 'SEE Tt 1hde® of process
tenpey at i 65, t O ﬁmeg the syacemt @kpblad.s ©Hesety IRy £l i epgh pin
19 is surrounded by a Bad 21 made of "a thermally insulating material, so
as to achsevertrpendat bwsal aedod lbaedeer tt He theumatllat d nsiipldrind 3 and the
purge ring, 15 S rthe rihe i ref.ere I 2. The
pads 21 5 tée}iba%f e%gréﬁl %O%ggggkgaqﬁf&gjm%y _\gl&tsir&s}ﬁgt ec%ne;%%%v}c&adrfd&%er efore

~all ow t heupsit getei agppbrtolsl ade ehs pprigeemdalgonid whid eumtimgmi zi ng

particle_ generation. . The ge_ring 15 further d.ncl ud plurality of
waf er gu?%%cb+9§d2 eigw FggﬁlFr&Fé%QEEUgggéjﬁgféﬂ pﬂgg%égﬁﬁf%%% §5°
di sclpsegrépe khiSl v 1halBat et aApplghdat ipen iSekidalcdYamiR9/dii8, ek dfdeel June
24,1998 I ncorporated herein_in its entirety by this reference). FIG 2
is a sid%E%P%mFg?n?Béﬁﬁiﬁéﬁﬁ par £° éﬂléﬁeeﬁ%iﬁyeﬁﬂﬁﬁﬁa%ﬁnq Trventive
suscept of; digi z DAY pAraivakelenWrR@Sida .onathd heiean.r g sSiI®WkRy N FIG 2 the
substrate 20 support 13, the purge ring 15 and the slots 17 are configured
such t hafuwkFharusacépdene pasralltyo ofi Meder @ARPdd st HRtween the
SUbStraF?aé%%QQBEel§céﬂga%Qewa@%&@%ﬂﬂd@%égiy Bys therd@dd doddisui @ty ng. the
urge rin TR .
P %5 Pgtent Application Serial No. 09/103,462 filed June 24,1998

t hr ee pins 19 are equally spaced radially around the substrate supggghhﬂﬁ@
|

(incorporated herein in its entirety by this reference).

FIG. 2 is a side view} in pertinent part, of the
first aspect of the inventive susceptor lla, having a wafer
W positioned thereon. As shown in FIG. 2 the substrate

20 support 13, the purge ring 15 and the slots 17 are
configured subh that with use of the pad 21, no direct
contact exists between the substrate support 13 and the
purge ring 15. By thermally insulating the purge ring 15
from the metal substrate support 13, the purge ring 15

25 experiences less thermal stress then would otherwise result
if the purge ring 15 were to directly contact the typically
higher temperature substrate support 13. Also as shown in
FIG. 2, the slot 17 has a depth greater than the length of
the pin 19 to reduce thermal conduction from the substrate

30 support 13 to the purge ring 15, via the pin 19.

The slots 17 extend radially outward relative to
the center of the substrate supporting surface 13 and
preferably are each just slightly wider than the respective
pin 19, thus preventing the purge ring 15 from moving

35 laterally as a result of thermal cycling induced expansion



fromthe netal substrate support 13, the purge ring 15 25 experiences |ess
thermal stress then would otherwise result if the purge ring 15 meigingma
directly contact the typically higher tenperature substrate suppor .
Also as shown in FIG 2, the slot 17 has a depth greater than the | ength
of the pin 19 to reduce thermnal conduction fromthe substrate 30 suppor t

13 L0 the PUGE rING 40 nyi@ LhenPERR13; <ThRCS! OBl Toxiiend radial Iy

outward relative to the center of e substrate supporting surface 13 and
pref er abl e aran@adie fusdn sthghs Llgt wildernthahet pé nr ddpeetiitve I kI t hus

preventing the purge ring, 15 from novi.n | .at eral.l a result of

t her mal qﬁuﬁﬁﬁ1 %&%%n%FSngg ngaESBE%} agﬁg%g%ﬁfraction nmore than

t he di stance requiTies @55t ehear anappobet Weenoibe iskat al puane tdwes pin 19

pair. In this manner the gins al so provi de rotational a'i%%FEGF- The
P 55

subs®r atde Sispor tchianeehps ? sedda2 pdit§EUgas 3ngeltPPeMPicha and a

di ffuserpdég{%g%b SN COUPL BSe BHETBYAT i ORMEAR RUDGE thamuip] ivery.
channel 25 rough a purge gaS distribution channel 27 defined by an inner
edge ofputpe diff Wbestribpgti8h ghdnarlodtefeddgedobyt RE dupett fidde support
13, and oyep p |} soal |, ek io6s @ flQHordied d mdde
diffuseﬁgﬁﬁﬂﬁgggb 0 %F|%§é§ %géegég t ebgu%éee I ng 15.eln operation the
waf er Wsisppmsi tidnezndnthae thabeghseappdutriadg tyucifasemalda oxidhi agmtCt he
edge .of 1 he fer _Wis.poesitioned adjacent _t tl of | ot
20°195' 1IPTHS Sariiey GsPRipgh BEdor rale b anra it son HE i EEE o,
29 al ongride xtige of the wafer W deposition on the wafer's edge is
prevented. To enabl e degosition the _susceptor is heatgg to tenperature

in the range of 356" PREFav¥sop, ERSHMRARTy Mhy Sa PR LRY &bid" diffedded in or
cont act egy 20 W ifhé heingdensidecof 3at Racsuseept ahe Koy eyt oy whpeber .

mai nt enance or cleaning, the susceptor is typically all owed
W is positioned adjacent .the outlet’ of the purge slot 29.

15 In this manner as purge gés‘flows upwardly through the purge
slot 29 along the edge of the wafer W, deposition on the
wafer's edge is prevented. To énable deposition, the
susceptor is heated to a temperature in the range of 350° to
475°C, typically by a heating coil embedded in or contacted

20 with the underside of, the susceptor. However, for chamber
maintenance o} cleaning, the susceptor is typically allowed
to cool back to ambient temperatures.

This temperature change causes thermal expansion
and contraction of the chamber elements, including the

25 substrate support and the purge ring. Despite thermal
cycling which occurs during CVD processing, and the
resulting expansion and contraction of the substrate support
13 and the diffuser ring 13b, thermally induced stresses are
not imposed upon the purge ring, as it (and the pins

30 supporting it) can move radially as the temperature changes,
due to the pin and slot coupling. Any thermally induced
expansion of the gap between the purge ring and the wafer is
insignificant. Accordingly edge deposition is more

uniformly and reliably prevented. Moreover, the purge ring



to cool back to anbient tenperatures. This tenperature change causes

t hermal expansion and contraction of the chanber el enments, includigrpNiWE0L
25 substrate support and the purge ring. Despite thermal cycling which
occurs during CVD processing, and the resulting expansion and -contraction
of the substrate support 13 and the diffuser ring 13b, thernally induced

stresses_are ot i nposed,upon the_purge r.i , i and. e. pi .
supporti%g Ty n%%ne?r‘rr‘gb 3’ré&?§ﬁpy° & tRE tpelr?pr?’grlagfﬁfroe}c a“{r}{;jleréé,.| C%cgéfggt he

pi n and g} ofesDaPEhEIE . ANictberiRbly idetmedee epatisiint 0fdihe gap between
the purge ring and the wafer is_ insignificant. Accordingl edge deposi tion
is nore uniform yF&Rd PelfaBl yiffeVéfiad 1MRSIIEEN Y tﬁ?rp%rg% rfng 2 5 NOV

2004 8 &écgﬁ?r{ Depgasi F¥ E'htet ed vk itRe spiske ok .0 THRULINRecd £R8I NG oOr
repl acenent. CCO?dI ngly downtinme is mnimzed. FIG 3 is a side view, in
pertinensupeeptonflab o&cOif.aspast sémitllae iteydite ol ARt okla Thé

I nventiv susceptor., 1 of . Fl i Im.l.ar usce of
FIG 2, g%@e&l’tﬁ C?BBS%B%SHSESF%&%F %éﬁ)g;gglflaéat %%?:Ises'no Cpc%:%érrp%%ge t he
di f f user compgid8bthéndi€ddselre rpungd 3pas Ioedtasel yhehgnneie 25aslel i vers
purge gas to a urge gai gistribution channel 27 which is defined by an
i nner ed§@loYerYochABRBdr g8 Fehg VES SaRi =T A%ty E 9% i 3ubstrat e

support 435t aspheibAechBhaeNanowWh ciefilnelt Mg Wasas| tindd. edge of
enbodi ment of FIG 3 requires fewer parts, and, replaces the orifices O

(of ) G thy mirgeariest ipceod gap Rtetedgesty ittiorsRpriete FoPRBathy a
horizont gy nglchs Brbhfiols aubSULALS RUHRAIE chd Achds corsespondi age

hori zont a protrusion in the purge ring 15. The size of the restrictor
gap R i senbbeinenedoly Fiike Begpentiines favdw glantiserwidnsreplachs shbBstrate

SoProc LEREl " R Sy el st aloaptel ofyer ol uston, and
reduces tbetrictor gap R is formed by a horizontal notch in the
15 substrate support 13 and é éorresponding horizontal
protrusion in the purge ring 15. The size of the restrictor
gap R is determined by the respéctive vertical dimensions of
the substrate support 13 and the purge ring 15 to the
horizontal notch or protrusion, and by the thickness of the
20 pad 21. The embodiment of FIG. 3 therefore reduces the
clogging whiéh may be experienced by the orifices 0 of the
FIG. 1 embodiment as the restrictor gap R which expands
radially around the substrate support in a continuum is less
likely to cleg than are the plurality of orifices 0. By
25 reducing the number of parts, the FIG. 3 embodiment also
reduces the probability of differential expansion
therebetween and the resultant particle generation. Note
that, like the FIG. 1 and 2 embodiment, the purge ring 15
rests on the insulator pads 21 and is aligned by the pins
30 19,
FIG. 4 is a side view, in pertinent part, of a
third aspect of the inventive susceptor. As shown in FIG.
4, the purge ring 15 of the inventive susceptor llc has a
plurality of pins 19 {only one shown) which extend downward

35 from the bottom surface of the purge ring 15. The pins 19



cl oggi ng which may be experienced by the orifices 0 of the FIG 1
enbodi nent as the restrictor gap R which expands radially around tlﬁeNUV 2004

substrate support in a continuumis less |likely to clog than are the
plurality of orifices 0. By 25 reducing the nunber of parts, the FIG 3
~enbodi nent al so reduces the probabilitiy of differential expansion

t herebetween and the resultant particle nerati_an. et i ke the
FIG | a%ﬁe?’é?%‘acﬁi nJeW['? Lh@ 88?58 r‘ﬁﬁ‘&% apgisttgigoﬁ%e%lnsﬁ%eator pads 21
and is alignedy byotheepbnss 30 18. theGsathel maanwirde o4 emyben jperdgneht
part, of a third aspect of the inventive susceptqr. As sho in FIG 4,
the purgedrihgy AHsfLPhe FRVEREXGE1O8scEPCOPIIE ad g lﬂﬁﬁm%l?%'y of pins

19 (onl Y D010, 2 wo) - WL 588X hgnd 1dewavand 3% o &R e kaldnmsie face of the
purge ring . The pins©19 25°"N OV 2004 9 are pressed into the purge ring

15 and téeppads P1. arén thiar edampliehdhsi sdots iy e fenethnkerther maybe

I ntegral . the pins 19. . Ln o atjion, _t i 9 | ri{ed wthin a
correspo‘ﬁﬁ#ﬁﬁs%{og 49 PgELLed (@?’rbt k?efos%u es{}'(r?lggetr%tieupsgf tdfi%?i%'n this
exanpl e thes sl pis. 14 shewkorimad ithet lpos idiifdnsserf rtihwy phors i 6h A3H et he

substrate_support 13. Thus, FIL G, 4 shows .t.hat. the positions. o ins 19
and the ibo‘égo)cg ‘E?Ynﬁ9 B@%\ﬁg‘le(?he(inda\r,'\%l&pi 13< c%‘{)ee\s/teh% haeé"éaa%/%%] %%(Fa)s of
pi n and §folt>ilq:oy,§)a| 80ot FE6Qp13Agand 53 are side views, in pertinent part,

of a fourth aspect of the inventive susceptor 11d. The urge rin 5 of
FI G30 5A and 5B i sFEBRRI §fr 889 PEh afats 14 Vii&Hier Jéhéée’gts’arg%'?/tér?\‘gﬁés t he

edge of phe,waper yV alpaétt Be R UG vdrta kS fuadd@ns-1Bs. botea purge
ring and a shadow 15 ring (overhangi ng or shadowi ng the wafer's edge), as

is knowpurget héngri5 e FIGE -akd sinst Fodp iGR\ oI Wash. SuAl ol t 5BEE | ows
the subsipate 3388055algv%%H%ﬂﬁgukﬁgubéﬁgnéfﬂghe wafer W. Thus the
purge ring 15 functions.as both a purge ring and a shadow
15 ring (overhanging or shadéwing the wafer’'s edge), as is
known in the art. The pin and slot coupling of FIGS. 3A and
5B allows the substrate supporf 13 to expand and contract
without affecting the shape or position of the purge/shadow
ring 15, as described above with reference to FIGS. 2 and 3.
20 FIG. 5A shows the purge/shadow ring 15 in a process
position, an& FIG. 5B shows the purge/shadow ring 15 in a
wafer transfer position. Because shadow rings overlap the
wafer's edge, they are conventionally supported in a wafer
transfer position above the substrate support 13 (e.g., by a
25 hanger or lip which protrudes from the chamber wall} while a
wafer W is placed on or extracted from the substrate support
13. After a wafer is placed on the substrate support 13 the
substrate support 13 elevates, transferring the shadow ring
from the lip to the substrate support 13 as further
30 described below.
Conventional substrate supports whether to be used
with a purge and/or shadow ring are initially lowered to a
wafer transfer position. A wafer handler then carries a
wafer into position above the substrate support 13; the

35 substrate support 13 elevates and the lift pins therecf (not



w thout affecting the shape or position of the purge/shadow ring 15, as
descri bed above with reference to FIGS. 2 and 3. 20 FIG 5A shows thgE NOV 2004
purge/ shadow ring 15 in a process position, and FIG 5B shows the

purge/ shadow ring 15 in a wafer transfer position. Because shadow rings
overlap the wafer's edge, they are cd%ventionally supported in a wafer

transfer position above the substrate support .1 . 0.,
lip mhicﬂﬁﬁﬂ%krhﬂ%% ??%n??gﬁrcﬂzhbg%ewgﬁl%rwhﬁpglgﬁnaapg§%V%F§§%F2€%%roﬁror
extract eg;f&omiRel spbséraketsupparnt 1 f13. shhldew aiwaf ers iesngal aysdl, on t he

substrate support 13 the substrate support 13 el evates,_transferring th
shadow riipy Sibohrahe FUPPPBLLAd SUBSPRL: &L1EYFI6 tﬂ’ﬁalsftf Lﬁq}%esreh%%o‘g ©

descr i beg, bel ovyp€0pvea! LBBRk THRSLLBLE (SURPGLHMReHtEr(#1 besmpady with a

purge_and} adow ring are initially lowered to a wafer transfer

posi t5i onthé wal ks bdfnther prherssangi ebamberaf(@ot mheWosi t9%h @boleSt he
substrate sup ort 13; the 35 substrate support 13 elevates and the lift
pi ns t het &&F %BOt 25 NOV 2004 10 shown) lift the wafer off the wafer
handl er. Thereafterithes waf ar shaedivarw dir petrs: iareht idast shidowEifhly i s

enpl oyed, the substrate support 13 further t to lif
ring, supPePted®hbble %ﬂgegggg?réPéqgﬁﬁﬂﬁi ?%%¥%ﬁ§%%é%v%n%%%$%%é§gﬁﬁg(ﬁ

the processi Ny 6HAFDELrLAOk oS FAWMI)LL taftfe Gfcddss tsuppoy tpufd&S.gfsis a side
view in pertinent part of a fifth aspect of the inventive susceptor. The
i nveldt i vigEsERPESPN| FBAPSSE0RP RTed G HAG | | RS “55t¥o YRR purge gas
10 distrihutiop ghappgl saBskoht@ edpigart Specid vidldly thdiepisurbagerof the

substrate support 13 in which the pin 19 (or in an alternative embodinment,
the slotif7inislEecarsdyei smbgslig®nthe thit Isdtotofl Phel puk e s@e: di &t ri buti on

e sPRLpy B otRER.! B RULIGANY ofashRdout 4l dhp dakifERVEd.from 15

the substrate support ri bution channel's
Thus, when the purge and/or.shadow ring 15 is removed from

15 the substrate support 13, the gas distribution channel’s
outlet is exposed. To further ﬁacilitate cleaning, the
purge gas distribution channel 25 may be angled upwardly
(preferably between 0° and 30°), as shown in FIG. 6.

As is apparent from the above description, a

20 chamber such as the chamber described in commonly assigned
U.S. Patent Application Serial No. 09%/103,462 filed June 24,
1998 (incorporated herein in its entirety ), when employing
the inventive susceptor of FIGS. 1 through 5, provides
superior edge deposition prevention and increased throughput

25 as compared to conventional deposition chambers (CVD, PVD,
etc.).

The foregoing description discloses only the
preferred embodiments of the invention, modifications of the
above disclosed apparatus and method which fall within the

30 scope of the invention will be readily apparent to those of
ordinary skill in the art. For instance, the inventive
susceptor comprises pin and slot coupling between any type
of edge ring {purge and/or shadow), whether the pins are
located on the substrate support or the ring. Although each

15 of the figures shows the use of thermally insulating pads



outlet is exposed. To further facilitate cleaning, the purge gas
~distribution channel 25 nay be angled upwardly (preferably bet ween? & NIW2004
30), as shown in FIG 6. As is apparent fromthe above description, a 20

chamber such as the chanber described in comonly assigned U.S. Patent

Application Serial No. 09/103,462 filed June 24, 1998 (incorporated herein

inits giddetyads YAENSEPLAYING rlikenkRyenti wel3useepindle reft JILS. 1

t hrough 5, provides superior edge deposition prevention and increased

t hr oughputat 25 heea thnpae bemedt cBAVehei dRgILUdEPoSNt LHR SHEMSSLTCAS PVD,
etc.). The for in ription di 0ses he . .pref err enhpdi nent s
of the iﬁ/ecncfrlug%%*rmd?f;fgak?éhg'of b’?%é ggbgggbépgé?8§g&%ag%§r@%’us and
met hod véf cthd ajd s wiiébi nethecB@naeape 26f offhéhenvemtioors wibloddanardamdi | y
apparent to those of _ordinar SF' |l in the_art. For instance, the

i nverti vt "sl?.%cle‘b‘f%?ti:‘aﬁppi‘:?gérﬁ YaRBS8l 30 CofpPith§h&AReen any type of
edge ring; Pr0e: 2HA/ @haghadowny, wwhehhan sbhexpendsakendwoeat ek lasw t he
substrate support or the ring. Although each 35 %f the figures sho t he
use of tHeE RPSRLinGsef atNAgIpadee’ 15eREy CPGaReL< 20ndes FARY ard G5 dnal .

Further, ¢ty i | §; berygger shogd tbhatedheat ivng ralredanomy Jieidicl uded in
the susceptor, as™ is conventionally known. Also as conventionally known,

each ofensiergmsnoeti geeyp dhahnébytivpnoPf kley MIrggs IS dd et PEH DY t he
invqrbti osnlgggf%ably open into a purge gas distribution channel 27 which
al so ‘ext'ends” sonewhat bel ow the opening of the gas delivery channel 25 (as
shown in each of The tegmseplin sadasltcd areatte deplffa@dlchannel which

The 1 or roNhT FEARS01 P ARG Fa bE BRORdIF M intOrpr T A T e Thapes
ot her thandt&esssrahghh peng.,anedcslasigulshrowe yse. Gtc . rect angutlzer keys,
stc.). Fg&%ggrér purge/shadow rings.can be advantageously removably
15 coupled to a substrate sﬁépért, by mechanisms other than pin
and slot coupling. 2ny removably coupled purge ring will
benefit from the exposed outlet-of the purge gas delivery
channel and the upwardly angled purge gas delivery channel.
Similarly a susceptor whether or not having a removably
20 coupled purge ring, can benefit from theEdefinition of a
purge gas diskribution channel having a r%strictor gap
between the substrate support and the purge ring. Thus,
these aspects of the invention should not be respectively
limited to pin and slot coupling or to removably coupled
25 purge rings.

Accordingly, while the present invention has been
disclosed in connection with the preferred embodiments
thereof, it should be understood that other embodiments may
fall within the spirit and scope of the invention, as

30 defined by the following claims.



purge or purge/ shadow rings, can be advantageously renovably 15 coupled to

a substrate support, by mechanisns other than pin and slot coupling2 94 2004
renovably coupled purge ring will benefit fromthe exposed outlet of the
purge gas delivery "channel and the upwardly angl ed purge gas delivery
channel. Sinilarly a susceptor whethé? or not having a renpvably 20

coupl ed i - itefromthe:, definition of a purge gas

distrib AaNEr §88L£fﬂ§5 &Sétrictor gap between the substrate support

and the purge ring. Thus, these aspects of the invention should not be

respectively limted to pin and sl ot coupILB%,or to renmovably coupled 25
v

purge rings. Accordingl§® ARPFEAEHE FPBEEAC T Wention has been discl osed

in connection with the prgfgcredtraenBagdbeRit Sonphalsaoly o tfistaul d be
under stood that other enbodinments may fall within the spirit and scope of

the Bnvemtoniahshavidef anédrby EREIESCLERTNG fcltaieFEe 2B MRAR DOV 12 THE
| NVENTI CLAWWED, LS 1, PRALALUS s:COTRIHaS1iRY & SMBSE it SUPRYr t
conprisﬁ%%ea£¢lrs%égén%?géﬁgﬁ Egv?ng g ?irsf ébg?ficﬁght of therna
expansi ompwined sybsheae¢ Ersmppentl having a plurality of pins extending

upwardly therefrom and_an dgerﬁh gcg%g%ﬁkgkﬁﬁépé§§§§mgiﬂg%ﬁg%{? havi ng a

second coefficient of tfABrmaP exXparision Iffers e first
coefficigatind 4 hesomhdexpafisicdenthef edgemalngxpavisigra iligality of

hol | ow regi.ons fornmed  therein, each.of the l.I.ow regi ons. bei east
as Wide dhgg%r%o F%@pBHai%QréﬁeCSF%?ﬁgﬁﬁq&r5&?ﬁ¢%ﬁm%} é}gﬂufiggtgéﬁ%ng in
a directi@gei piMgi EBvihg subsuiate tsupFOMo L wexpayidmsantbmond r act s during
thermal cycCling; wherein the glurality of pins are inserted mﬁtgige t he

1N
pl ural i t yheFe Bt | BAChegiokse ARd Lifer&H Bac P e Teast d

as a corresponding one of the plurality of pins and
extending in a direction .in which the substrate support
15 expands and contracts during thermal cycling;
wherein the plurality of pins are inserted within
the plurality of hollow regions} and wherein each of the
plurality of hollow regions extends a length which is
sufficient to compensate for the differential expansion of
20 the substrate support and the edge ring caused by the
difference bekween the first coefficient of thermal
expansion and the second coefficient of thermal expansion
over the range of process temperatures to which the
apparatus is exposed.

25
2. The apparatus of claim 1, further comprising:

a pad comprising a thermally insulating material which
surrounds each of the plurality of pins and which separates
the substrate support and the edge ring; and wherein each of

30 the hollow regions has a depth greater than the length of a
corresponding one of the plurality of pins, such that with
use of the thermally insulating pads, the edge ring 1is

thermally insulated from the substrate support.



plurality of hollow regions extends a length which is sufficient to)s NIV 2004
~conpensate for the differential expansion of 20 the substrate support and
the edge ring caused by the difference between the first coefficient of

t hermal expansion and the second coeffjcient of thermal expansion over the
range of process tenperatures to whi ch3t he apparatus is exposed. 25 2. The
apparatus of claiml, furt I SkkNgy ad LSl a thermally

i nsul ati ng naterig}‘mﬁf% Qéé?%%gﬁésggag%aéﬁ ?ﬁe”%%ggéfifegbf pi ns and

whi ch sepasadeste thepsobst fatehsnppomprandst he dedde seimg;,inand mher ei n each
of 30 the holl ow regi ons, has depth greater than,the | engt.h of a

corr espdHHR Gy e “’E‘ﬁ%lbYngl Pfsso?gﬁf’ﬂg,' 20 “PRaf 8% %lr\?se of the
ther”3|H%ﬂ@%%ﬁé§i£%%@ﬁ§%,rihﬁ.edge ring is thermally insulated fromthe
substrate support. 2004 5 13 3. The apparatus of claim11, wherein
the Substrate support further conprises a diffuser ring from which the
plurality of pins gxtends apdsthe.gdge £iBGm GOMMHLSEL A gy goFding. 4. The
apparatus of claimi1, whéere the first material conprises a netal, and

t he secomtemi®y i abmprospsi sesehader anidc the0 seconife Masgariadtlus of claim 1,
wherein the substrate support has a substrate supporting surface, and

wher ei n ??%Pfﬂ{ﬁ%J?tﬁeﬁ? prns are equally spaced around the substrate
supporting surface, and each of the plurality of hollow regions extends
radially outward relative to the 15 sybstrate,supporti.n urface. 20 25 6.
The ¥ppar at us of cgai nt BewWABPEF A *Pfe © uﬁé'tallﬁ‘t&' here it dhe

substrate support has a substrate supporting surface, and

wherein the plurality of pins are equally spaced around the
substrate supporting surface, and each of the plurality of
hollow regions extends radially outward relative to the

15 substrate supporting surface.

6. The apparatus of claim 1 wherein the substrate
support comprises a purge gas channel, and the edge ring

comprises a purge ring.

20
7. The apparatus of claim 1 wherein the edge
ring comprises a shadow ring.
8. An apparatus comprising:
25 an edge ring comprising a first material

having a first coefficient of thermal expansion, the edge
ring having a plurality of pins extending therefrom; and
a substrate support comprising a second
material having a second coefficient of thermal expansion
30 which differs from the first coefficient of thermal
expansion, the substrate support having a plurality of
hollow regions formed therein, each of the hollow regions
being at least as wide as a corresponding one of the

plurality of pins and extending in a direction in which the



support conprises a purge gas channel, and the edge ring conprises a purge
ring. 7. The apparatus of claim 1l wherein the edge ring conprises a?SH{004
ring. B. An apparatus conprising: an edge ring conprising a first nmateri al
having a first coefficient of thermal expansion, the edge ring having a
-plurality of pins extending t heref rom!#and a substrate support conprising a

second terial having a second coefficient of t . j on 30 which
differs g&%ﬁ??%Eef??g?gﬁBe?FPépgﬁta&F1ﬁ%§aﬁ%é%%Déggéﬁﬂnéﬂﬁgéggubstrate
support Ray¥ingga plurality of hollow regions formed therein, each of the

hol | ow regi ons”™ being at |east as w de as a correspondi ng one of the
plurality of pins and exheraifgthe &14rddtivort PR AFE R 2SI \oY 2004 14

Subst rat g, SHDROLR ¢ €XPAROS ; 200 (CORLIACKS LUTIHG ! NRITaIne LA T 8gch Wher i n
|

t he pluraflty of pins are inserted wthin the plurality of hollow regions,
and her the phchabit$ Ofehplipal iregichsheXtarded et efftsch tengt h

which is fficient to co te for  the .d £e ween-the first
coeffici%ﬂ?yb$l?%gr%%lcg§ gﬁ%%@% gﬁ fﬁgbgggg%%ﬁgcoeﬁ?gg%ent of thermal
expansi opieyercbbéftangatobfproeessl tearpeersitar end d:ivhi edcoh@ apparatus is

exposed. 10_9, The apparatus qf claim.8, further co | Si ng:

conpri si ﬁaeg?fﬁé‘?ﬂﬁl Bg CREGMET FdBrE ST ° X g{‘e s{:grjrﬁ)un%g %ﬁcﬁggg t he
pl ural it ye@bephpsragdewhisGh csepacatighaddrisubstagiessdipport and the edge
ring; and erein each of 15 the hollow regi ons has a depth greater than

t he 4&ngth of a correspondi ng one of the plurality of pins, such that with
use of the thermal by isaWl alj g NRads.of hel Ldges ) i N tiser t BeRPREEYngasul at ed
fromthe substrate support. . . '
a pad comprising a thermally insulating material which
surrounds each of the plurality of pins and which separates
the substrate support and. the edge ring; and wherein each of
15 the hollow regicons has a depth greater than the length of a
corresponding one of the plural;ty of pins, such that with
use of the thermally insulating pads, the edge ring is

thermally insulated from the substrate support.

20 10. The apparatus of claim B, wherein the
substrate support further comprises a diffuser ring in which
the plurality of hollow regions are formed, and the edge

ring comprises a purge ring.

25 11. The apparatus of claim 8, wherein the first
material comprises a ceramic, and the second material

comprises a metal.

12. The apparatus of claim 8, wherein the
30 substrate support has a substrate supporting surface, and
wherein the plurality of pins are equally spaced around the
substrate supporting surface, and each of the plurality of
hollow regions extend radially outward relative to the
substrate supporting surface.

35



20 10. The apparatus of claim@8, wherein the substrate support further
conprises a diffuser ring in which the plurality of hollow regions Bb&0V 2004
formed, and the edge ring conprises a purge ring. 25 11. The apparatus of
claim8, wherein the first material ; nprises a ceramc, and the second
-material conprises a netal. 12. The gparatus of claim8, wherein the 30

substrate support has a_substrate supporting susface, and Wherein the
plurality of pins &Pe eEG&IP?p§6§EéEPéFb6H&th éhﬁﬁﬁ*%l%pSUpporting

surface, sgpdyeaeb qb EB@tplc'éﬁr@r'its\éSOfa fldeow L airnmex} endd ragéal |y
outward relative to P e substrate supporting surface. 35 25NOV 2004 15 13.
The appardgfsrohgckamprs siiseeiPndfe Tid\fbst rat e support conprises a purge
gas channel, and the edge ring conprises a purge ring. 5 14. The apparatus
of claim8 wherein the edge ring conprises a shadow ring. 15. A nethod of
maki g an appar at ug 4f.or Ther ewertdatgedofe depiosid ivreosiam Supsedaee during
processing 10 conprisin%' %%wgqjg{oviding a substrate support having a
first co&Pfi EPBRE1FSt Rerm@ o8 sl on: providing an edge ring having a
second coefficient of thermal expansion; and renovably coupling the edge
ring to the substrate support in and slot configuration; wherein

via a
the slot extends iﬂ5the5ﬁ3%§99qn$ErW it 20 HPRABE P ar %8 upport expands
and cont paelendinigN@dgRr Qe@¥Hibon on a substrate during processing,

10 comprising:
providing a substrate support having a first
coefficient of thermal expansion;
providing an edge ring having a second
coefficient of thermal expansion; and
15 removably coupling the edge ring to the
- substrate support via a pin and slot configuration;
wherein the slot extends in the direction in which
the substrate support expands and contracts during
processing.
20
16. The method of claim 15 further comprising:
thermally insulating the edge ring from the substrate
support by:
surrounding each of the plurality of pins with
25 non-thermaliy conductive material; and
forming slots having a depth greater than the
length of a corresponding one of the plurality of pins, such
that the purge ring and the substrate support are not in
contact within the slot.
30
17. The method of claim 15, wherein providing a
substrate support comprises providing a substrate support
having a diffuser ring adapted for pin and slot coupling;

and



16. The nmethod of claim 15 further conprising: thermally insulating the
edge ring fromthe substrate support by: surrounding each of the pgﬁmmwnmu
of pins with 25 non-thernmally conductive material; and formng slots
having a depth greater than the |[|eng of a correspondi ng one of the
plurality of pins, such that the purge ring and the substrate support are
not in contact within fhs,shiohy 3R LdgeThenGRLBAR lsed B diuipes el n
providing a substrate support gonprlses provi ding a substrate support
havi ng guidd usiargri ng adapted for pin and slot coupling; and 2 5 NOV 2004
16 providing an edge ring conprises providing a purge ring. 18. The net hod
of claim 13 wherein providing a 5 substrate support conprises providing a
metal substrate supportrhangdephodi difnglanmedge whieng iconmprawsiesipy ovi di ng a
ceram c edge ring. 19. The nethod of claim.15, wherei.n coupli the 10
subsfr at B1BUPEAFE BHRPPRE SAPRILSRG BSANLELS G SGtdiing %‘r G ty of pins
equal |y spaged: ar BosURShEALE SURP g owpirfiacs @frddidsupsirate
support, and proJ%g?ﬁ%_a plu?ality gf sloﬁg éﬁ%glly sgiced around the
substr ateeraupporddagrsngtace of the. substrate support, wherein each of 15
the slots extends radially outward relative to the substrate supporting
surface. 20. The nmethod of claim 15, wherein providing a substrate support
conprises providing9a slibst matéosiupgorctlaiz0 Iiaviwhe e igurgpuphsng hihtel , and

Pr OV].iOdi nguggtgggg QLS o%gﬁg%ids%%epre%v'ediﬂglga c%%&%s@é"%roviding a
plurality of pins equally spaced around a substrate
supporting surface of the substrate support, and providing a
plurality of slots equally spaced around the substrate
supporting surface of the substrate support, wherein each of

15 the slots extends radiallf 6utward relative to the substrate

supporting surface.

20. The method of claim 15, wherein providing a
substrate support comprises providing a substrate support
20 having a purge gas channel, and providing an edge ring

comprises providing a purge ring.





