APPARATUS AND METHOD FOR SUPPORTI NG, PGCSI TI ONI NG AND
ROTATI NG A SUBSTRATE I N A PROCESSI NG CHAMBER
WBAGKORAUND OF THE | NVENTI ON Fi el d of the | nveP€T/082009/030996

[0001] The present invention relates generally to the
field of sem conductor processing, and nore
specifically, to supporting, positioning or rotating a
substrate during sem conductor device fabrication in a
pr i N h r..Backaround of the Related Art
ABERRATS BT B ¥ SurfegRiiug. doSTobingAND
di spl HOTATRIGASUNSSPRATE M ACPROCESSING! ARISER| Y
conducting materials are formed on a substrate, such
as a silicon substrate or a glass substrate. The
materials can be formed by chem cal vapor deposition
(CVD), atom.c | aYer d@lposi tion (ALD), physical vapor

BA N 19N ant ation, plasnma or thernal

. pxjdation, and nitridation processes. Thereafter, the
ﬁ@%@&ﬂw@eri als can be etched to form features
[000F1Ch Aheph&ent VhIentiGP LA gehéﬁan n@ WY §lef P Sedmiconductor
[Tnes. Ina typical deposition or etch processes, the
procesdings and mareesgrusfemlly otcasppptingi positisnibgtaratoating a substrate
duri rocessi g chgnb.er ft o.dﬁposi t or etch nglt erial on the
urirlg] SETEAPddeior PRKGe TepHGIBia o IPadbaT hsat may be
performed on a substrate may include thernal
processi ng techni ques that may include RTP, flash
Backaipind ef theaRBelatethAHal i ng processes. [0003] |ntegrated

i rcuits,an ' y ' ol ved.into. conplex
rooof) b YR feedlsRBbRYor, b GRed BBy i turdbds CSERIShauetor,
diele@ﬁlba?hticelﬂéctﬁﬁdg/r (ﬁiricﬁlcﬂh_gi_ hrﬁzmtea'a{‘si ?_@l f@rrﬁfbﬂ %p& sgBQt!r@t@, 8fich as a

.. the display substrate. e evol ution of chip, design _
silicory aEbSHIAIP| 9 Redfass ssibshaieerThe maletialy e ber écern@dg by chemical

[ ok densi : ng. L NGk j VA o\ =Tl o
vabef JeRRENCCTVDY 48R IRt ol AT AL pAIEEEd SFapor deposition
(PVD) é(lqlmé:npjtlsmtaﬁmi 'plsis'trr_uan o:rntplban@alabb(itﬂaiiohpmﬂ nitddation processes.

| antatjon js particular important in formn
Therb e 16 clePoster Firteulsrant i CORARER ol deriHgs Buch as gates,
vias, teRthdTiiYed &A@ ht8itonREcCids. TARS typiidl MepoBMbh R i@ processes,
i mpl antation, silicon substrates "are bonbarded by a _
the sybsiratsf isebgseddald plashes ged substratec pravesbingoehidneler to deposit

: ' ' f
or e Ra! PAE KEbREReo SRTES ar SV BREL a7 des et Bok may be
perfadmear bhcall abstrawelm®f ietieaé rthephaP pFdHSIRL SacHPpASY that may

) concentration is determ ned by controlling the nunber
include RTdhdlash lamp, or laser annealing processes.

[0003] Integrated circuits and display devices have evolved into complex
devices that can include millions of transistors, capacitors and resistors on a single
chip or region of the display substrate. The evolution of chip design continually
requires faster circuitry and greater circuit density that demand increasingly precise
fabrication processes. One fabrication process frequently used is ion implantation.

[0004] lon implantation is particularly important in forming transistor structures
on semiconductors and may be used many times during chip fabrication. During ion
implantation, silicon substrates are bombarded by a beam of electrically charged

ions, commonly called dopants. Implantation changes the properties of the material
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in a beam of energy projected on the substrate and the
nunber of tines the substrate passes through the beam
wab@oeneryy | evel of the beamtypically deter nPCEES1008030996

depth at which the dopants are placed. These dopants
are accelerated to an energy level that will permt
the dopants to penetrate or inplant into the filmat a
desi red depth. [0005] During ion inplantation, the

mpl anted fil moften devel ops a high | evel of internal

in \A@ﬂ%§§e dopaitaiente gnplariad dor AENISYS ea spamaURKirlegr of electrical
f

per S piohint SSALMPHIG RS ERelo) l IRIGDIE fymbor of o

in aplom:reset esecdy Psojanteeionnthe lob*st{atenandpihenhamtxaam of times the

subsAE GRag THROMB clbsmipeR it hdnee GBpER 6 vHleob BS: Pagw typicaly

deteFrﬁln%sVﬁ{é’ dEtRT at Wahichi Y Yadpamid chleedddaey Mhe &Y Cdkgpants are

can heat the substrate from roomtenperature t
acced;eretedlnnen Criaigy deel tthainwilDpewrid this doRaPtsr &l penetsateher implant

68SS i ndquced ng inplantation and can be used to
into f?]Lerrf et %gﬁ?'fﬁ}j ??FP‘ propertl es such as changi ng the

[ooo%eect Dfg @ha@grﬂwl@i ithe ipbldrited fiinh BitehMlops a high level of

nerally, chanber includes a radiant heat
intergalustiessr In grger docredigvertheogireancand Susber sontroligher resulting

propékl{éghcg tcg h@ergrht%(g élyrxg ohceta{wlw %Tﬁ(éﬂztaﬂg gg) eaCé o %%E%SI process,

suchmahﬂé@%d))Pdslﬂ&)d mhplahtaliongamdaing it hm@mspénwmed in a rapid
ported by the support ring within the chanber bod

thermalgRIceSSIABHAN) ShATybpicHiat Pulassv deel SURSYAE top very brief, yet
hlghlglﬁgofgﬁ‘gﬁ%&’f(hérhﬁl %Ragtlﬁé Pé)dj%eépth LG IHstrafd ﬁoﬁh%oﬁjﬁq%}ﬁf)tgfature to

bet wee and the substrate
oversURQR®Ct iv ilegs itlsan yidl csabblyds:oﬁ{ﬂ'ﬂ seltcves Hid istress dadbeett during

. d.extends from a m of the, chanber body to )
mpI e angirandi Bec i harTodt G BEE an Skt 85 clpnging the
electABAIXhdrctdfstbd & thekhe the substrate and the support

ring to conpensate for variations in the radi ant

[0006Iner g;ﬁegmehl)atad RIY’ chambamndlugesgi iagliand rieasd sowece or lamp, a
cnariit B Srd ATl ShofH e 18 OB HUPHER, B o op

surfagk @&t RS eha&mber PoRIyS ¥6 aRalkhd @Q@@ﬂﬂ eﬁh@ﬁ?}ﬁ geRsrdtéd by the lamp
mnimze pot enti al partl C| e and chem cal cont am nat’i on

impingest yrRonsifigstubstrate perroriedy the ramPYt Hee yiin thamchamber body.
A qut%ﬁg BRRbwAisS Wbif(eﬂlgtc‘ﬁs by ’th{([(?p %ru%g (?fsth%f {;ﬁé}pBSP'body to

entire t e substTate. neven
facilitate tiss tiadstarr dfaerergl) dtaesnbsier latrp aad the sulptiabd.eTine support

ring |sh%$p|c§ily Eér%%ngég eorfI Sel ((::oend cvgr!glgeR;-r?d extends from a bottom of the
chamber body to support the substrate by its outer edge. An external motor is used
to rotate the substrate and the support ring to compensate for variations in the
radiant energy generated by the lamp impinging across the substrate surface that
could heat the substrate non-uniformly. Typically, the RTP process is performed at
atmospheric pressures or reduced pressures to minimize potential particle and
chemical contamination of the substrate.

[0007] While RTP processes can heat and cool a substrate quickly, RTP

processes often heat the entire thickness of the substrate. Uneven heating across
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ot her conventional substrate heating processes. For

exanpl e, tenperature variation often occurs in the
w@e@a/om2es e t he support ring contacts the out ePCEHUS®OD30996

the substrate. Variation of substrate tenperatures

al so may occur because the radi ant heat source is

applied to the top surface of the substrate which may

include different device materials at various sections

of the surface., The different device materials nmay
the si{ace pidbe %W@H@t%f:aréhﬁs% Pmt{lq?reghabwftqrh@xnwweg.\w@h RTP or

othel %Hﬁ%rﬂ‘oﬁfa?% P98y ;ﬂ’gcé&ﬁsm:% l%gérgﬁlég téﬁ%‘%?r Ure variation

strat els
ofters gmparg irhdvé regea whbist thet suppoei mgwgoatadtsadlee olher edge of the

ort .can have an enbed el ectrode that serves as ]
subStHR b BF S TR dabe e 510, Deu ety Dakares dng radiant

heat™8Uréé f&CafifliceiNd g top Quﬁb&é’bf fPfetﬁ}Hs@r%lté Whitl H'la&hﬁclude different

substrate.”  The support can al so have a resi stance
devicre anategals| eimemiousoseetinst dletreubgiface. eThiudiffegent device materials

may FRE TR Ao 6 ShiRe st YRt EneSides |
[0008] | SeDiikng thal pratedsad Gi8cHSARPaBB, ¢3S Sub&ipateab w&a&w held on
t'o variation across the substrate has becone very |ow

a subgi¢atet sipparhBavng ghakbatrede deeeivingi Bifasg. dheasupnest eait bave an
embéﬁé&ﬁ eY{c et tliln%t %HR%J%@S E) Slﬂgﬁg\r/ée%%rggﬁg\@eblc%gd&x rfeg processing

er conponen can ect

and/onit heaynalsy bef cHarge@ o ekstrosesivhlyshaeldithesabseatel Mae support can
substrate, In sone _cases, one or nore regions in a

also ﬂ}%’@e§3re§ﬁ‘éﬁ‘ﬂf@r hratjngelemanl & heatithe subslalp Airing ergeessing,
I t
ol TR i R £l YRR 110 0 lakfon. One

|ssu.fthatamaﬁ3| lfsdhat gasjefviaev\sudelae deorddase ubresnoterance to variation across
in.th

the SisTRRE e oo et i ety it 8 il Rlameaht; o posiioping of a

substiatat Rldthe IYLHd adibshiataVeudant, 0Odhali®® ring, or other chamber
nonuniformties seen in different areas of the

commwﬁss:anglavegamaff@ﬁ arhthepurtoetl reg th@ammss Retlis Anlgieved on

often a very expensi.ve and
the QBRIARS 1] 3bel Sadls Betorfiste, FEA15AS Y §.88Cess champszmay be
unatild,ﬂﬂi unmmly @snthge atmasmat @ g OPEevar mﬂs)sewhlfatmly deliver heat to
tnDSp erl.c pressu rocessed at

the %ﬁﬁéteatw eBTéDnd?%@VPéq@m/er Bav;e 6@9'%$ ef n@ﬂamf@rr@ gas flow due
to ’[hgI ﬁ&glﬁér‘? %lneﬁf%ﬁ%ﬁ%f Hys H%\Q nzi'lle % e%\\gggtt %l}f@ or (%és\é?fgeghamber

npone

whlcl(n e;ognmoh@ad:reatesl Hfraeneesc) to Thmt@mlsebslra'teamdamge out the non-
due to th need for high tenmperature

: erally ari :
unlfo?rmtgzlsl oRE 'Eoﬁ%@ﬁ’éﬂt aregs, @ %e%fPP‘ﬁ%%‘?gtrﬁgiorhro € processing
chanfisdr Rk theuUbstratd isIsmeEH Qt\%rP%&béﬁéﬁé ankl &hsifcated process

to perform in a processing chamber that requires the substrate to be processed at
subatmospheric pressures, to be processed at high temperatures and/or require one
or more rotatable electrical connections to allow power to be delivered to one or
more components in the substrate support (e.g., heater elements). The complexity
and cost generally arises due to the need for high temperature rotational
components (e.g., bearings) that are reliable and will not generate particles, precise

and expensive motors, complex control systems, reliable rotating electrical

3



and expensive notors, conplex control systens,
reliable rotating electrical connections, and reliable
WO 210094205 vacuum seal s. [ 0009] Therefore, therBCT/ESH09/030996
need for an inproved system adapted to support,
position, and/or rotate a substrate during a substrate
processi ng, which does not require direct contact with
the substrate, is inexpensive to use and naintain,
rovi des o?d rocess results, is reliable, and is
con '9”?03’8%@'@8[)9. rofHIgaraCUEE $RR/IS| NVENTI ON [ 0010] The
aee . ti h .
1000 b EKRE, Rfe B BASd 1o TR VhERR o8 SRR IMed 1o support
positibnyr amd/oy rotatear sebdtrate yrimgea csubsinate pecdassiras wihiesh does not

o Br b BB At e e slitlite! 1 Rl Yo uth 4t maintain
provifed dggﬁﬁ%r%@eé@ réHult8Chs reliblbeafd ¥eshady tol cbritidl.a

predom nant flow direction that is not the sane as the
predom nant flow direction of the other plurality of

{ S positioned to nonitor the
SUMTARY: IR e di sposed over the substrate

[001§UPPOrfnd Nleshit qhﬁ%@f&‘da#&{%h@’oﬁ?%ﬁ%gﬁ E;grtorc:égéiﬂa Chamber,

t'he processing cha
compising gusebsttate rppoviecamprigingl a pluwralityhd [sens baviagdone or more

dapted to,contyol fhe sitjon of the substrate by )
aperliSaE Mt Gt TEREMPI IR TR T Sheser Meds damspisadirmmherein
eacH cISﬁhBWlﬁr%'Iiisf c)‘f[rflfrtsoé’r%ta?daf(g{g?mé Bfe&MRe RecEDES fIlCH a predominant

controllers. [0011] Enb ments of the 1 nvention
flow fdinectien thaioisi bet thepsamesas tige ehaddrvinant dlopr diseeiipraof the other

t.hat are adapted t,0 L.OVI

urality of port . ach e a
plorefigf it isTes Il e R R G PaE PoRLPHI s Rubstrate
dispddddl alért theOsuliroits s@nﬁﬂﬁﬁitﬁ_ﬁt B HispesedWithirt Badroksssing region of

adapted to receive the fluid froma first flow_ )
the prepessing ehamber.cancatconteller thad is aorfiguredito dpeeiee iappignal from

e B3SESR) Lhpldl Lon LSRR GBSy rBing o

['er an i'rec

flow settenfluidi detiotieanby aadh af tihe phlirpkity tof tdoats fremadainedort @ore flow
r‘]eceive a fluid froma third flow controll er and
contrgfletset the fluid in a third directi on, wherein at

[001 gleast E??'nlg&ﬁiHeWﬂs QY thBeinl LB kL Eﬁ)vfidé)@ Pn&eessing chamber,

urality of ports are adapted to support o
compusiigdhia pitirdlitye of podgs rthakareaadeptedrtot ¢ath peovides atfilaned fluid to a
to nitor the ppsiti of the substrate disposed .
surfap 7 SUUSHBLSSIRiS™ b GHUBIL R POFSCETEPTEE ehiimbeion that is
adaptetl t@ réQdN e e ALidt ftdin & FirSOMdw ConBdiléOang eRleke tie fluid in a first
signal fromthe sensor and is adapted to control the

direchieRi ®i sac@id thest thasisr adeptegd tomeeeve i mdluichdrdmogy ssicond flow
con'[rfohélli gr?d direct the fluid in a second direction, and a third port that is adapted to
receive a fluid from a third flow controller and direct the fluid in a third direction,
wherein at least a portion of the flow of fluids from the plurality of ports are adapted
to support of the weight of the substrate, a sensor that is positioned to monitor the
position of the substrate disposed within a processing region of the processing
chamber, and a controller that is configured to receive a signal from the sensor and
is adapted to control the position of the substrate by controlling the flow of fluids

from the first, second, and third flow controllers.
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fromthe first, second, and third fl ow
controll ers.[0012] Enbodi nents of the invention
wo eoovloer7pr ovi de a met hod of processi ng a subsPeHEHUS2009/030996
conprising delivering a flowof a fluid to a plurality
of ports, wherein the plurality of ports conprise a
first port that is adapted to receive a fluid froma
first flow controller and direct the fluid in a first
jrectio a Seco ort that i,s adapted to jeceiyve
roo18},6°F P Rop s LeaB ot rubfief BRFAFE amelibECes Siopessing a
subshttaté dedrfip ﬁsﬁ@cdéﬁdeﬁ’rh%%cﬂcbwfbf aaﬂGIdatoté“p'ldjram?réf b1, Wiserein the
adaptedtorecewet luid froma th | ow

pluraligyn of grortercaamnprist adist pad thatisdadaptedtitpi redeitera duidofrom a first

flow@ﬁﬁ{rg ur 1l I{i?&%ﬁth%ﬂ?;ﬁc{ ﬁ1'$ Qrsg éié%?@%rt,ltag\évgﬁ%b%w}t?ﬁ%tfig%@apted to

receivei tlfd flafd froen sulatsord dlovp@dhtroler BBdadisadistheafi§idovel second
the plurality of ports that are disposed in a
d're%lpac@é@ Agthirdgpen ihat 4s @d?@é%%.tﬁgre@ﬁyﬁbme flishfrosr ianghird flow

cont\F/cd“l?l;]Iﬂﬁatﬁﬂgepth%fﬂl}l@% §96%4 8 re&t[}‘?n S o ﬁegétsaoﬂgﬁgn of the flow

processi ng reg sensor
of fluddstroml thierpdutalfity q:fqmns ane andapth@ te wosporatie Weight of the substrate,

controlling the fl the fluid ivered fromthe
Posiigning a subsliaie oxRb! IU& % af P %@é ag¢ dishosgdra gt processing

regldrp&lé”brcﬁfgg rﬁbé’rf mdHf drlﬂpQHé'p%@ltfoHréfnﬁé R 4Re Qubstrate

met hod of prdcessing a su conprisin
disperes witbini thg prosessing ae@on byau ge oteemmganegootroﬂlﬁgahe position

o 0 SRy R0 A B0 e st seconc

and WG hduse bf teesdfsorhe substrate, dellverl ng a flow
of a fluid to three or nore ports, wherein the three

[001r nokenbedimenisabiies tvention durthe proviset a imethdd if edogessing a

oS AP S AL ol b g procesn
chantitieat wihereidahé sdbbbatesiess uq)laraﬂl’[yumfdsém;bﬁhduéteﬁ aadicks dvtmed on

controller and direct the fluid in a second direction,
a pr%?éswgt siifareoet the pubstraieqdaliresing a flowe ef adfluidftp theee or more

ports| régttﬁé higheb! P V\gf%nﬁ&% k@rrnlpﬁgg adﬁrEFﬁJ)rt 'ﬂQﬁ lé H?ﬁte'dntoarecelve

third direction, ereln at
a ﬂunﬂlfmm at firkt tiowisohtrohier dred dheetetherﬂwrbmea ;hcsttd;reatlen a second port

et BB RS b oA o 42 e i i

a seéd?ﬂ diledtidn Bnd %e(hﬁé%rﬂﬂhb?%t a@ibted 86 PbEiVa R from a third flow
substrate on the three or nore ports, nonitoring the

contrplieri anddirest the élueﬁ@ea dird lecations wherein dit égass acoattionioh the flow

o G (BTSRRI, S0Py BhioReooa5RR T oOb by yelobt of e
substyiitecamd h@hbldfghé hierdd ennlre toetsf drei s dirbd Yo orécf tHMIuid in the
the first, second, and third Ports and a signal

samg diesliay reeeivinchihes sylsifate on the three or more ports, monitoring the
position of the edge of the substrate disposed within the processing region by use of

sensor, and controlling the position of the edge of the substrate by controlling the
flow of the fluid delivered from the first, second, and third ports and a signal received

from the sensor.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more particular description of the invention, briefly summarized above,
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] A nore
particul ar description of the invention, briefly
waeevme42z2d above, nay be had by reference to tPEr/US2009/030996

enbodi nents thereof that are illustrated in the
appended drawings. It is to be noted, however, that
t he appended drawings illustrate only typical

enbodi nents of this invention and are therefore not to
be considered |imting of its scope, for the invention

maynkg hashiy referspRerioetigapmposimentsi hereof it msat Yustrated in the
appér&%@a raifyy. §t id tb He téa %é\aé?hﬁwaa:t 'il’x@hgﬁ@ﬁr%écpara\(mﬁ&é illustrate

proce S|ng cha accor 0 on
onlytt;nplcahemhx)dunent[saﬁflﬁl]s m\@ntlen .%mdsase thavefore et itoriad considered

are of t he processin hanber
it 6f s SORRpoRt esA 00 CoR R o Cor R htsshinefiective

embBintdifsi nvent i on [0017] F| gure 3Ais a
cross-sectional view of a port according to one
[0018InbodiFrigure ﬁ)flStEITEISQm@ﬂCI[E&ﬂla|[ sadRin Vieyuok a3@rdcessing chamber

cr.oss-sectional. Vi rt according to one

aceo %839 ﬁ@ﬁte'ﬂPOQ'H?q Hvﬁ}ﬁ'f‘xﬁ '?%019] Figure 3Cis a

[0016] 0SS -FigGlel DRpd cvésﬁﬂééﬁtlo@apﬂéw @ﬁ&@é bﬁ%f tie %Ft_ﬁ:essmg chamber
enbodi nent of the invention; %ure 3Dis a

and élﬁl@ﬁiéai% é@pp@rﬁalssen@w Wc%id'ﬁ@rt@ oa@mao grand ob e invention;
nbodi e_i t Fie gur [ .

[001-|ﬁsomst ¢ par |'gl c%@% %@éc%on% O\ﬁ&%/\ll é)\l;v (y)f Sgﬁpgﬁg&%mg to one

embadmﬂ;’rdlolﬁg‘]et imventorgnbodi nent of the invention; [0022]
gure_5A is an isonetric view of a substrat e support

l001%isserrtﬁ'9ur§c@@r dfng CEPTHEeEpali iewt obfat Rerti agepidingh;to one
embb e oF'ttQéJirn‘%eﬁﬁbﬁ .S an isonmetric parti al

cross-sectional view of a substrate support assenbly
[0019)ccor diguget @Cone anicoaksisetttiontl tViewi oV eat port; afbO@H]g to one

Fi.gures . QA-6C are sinplified schematic views of a
embg@ggeﬂ?g{ %Wﬁﬁ@ﬂ?”’asserrbl y according to one enbodi nent

[0026)f theiguireen ag; al RRzsalsddtdnapsSvidh 6F &r Bod! BEbélfdirﬁjj to one

schematic views of a substrate support assenbly
embedigwndchthe: ipvenkorsmbodi ment of the invention; [0026]

[0021F ngg‘ﬁ‘gﬁg %Pﬁqé(l)r];"ll(aﬁ‘ Sartlgpgllosg sec?onalo\];lev% gfue? ‘?)tohaéc?cordmg
to one embodiment of the invention;

[0022] Figure 5A is an isometric view of a substrate support assembly
according to one embodiment of the invention;

[0023] Figure 5B is an isometric partial cross-sectional view of a substrate
support assembly according to one embodiment of the invention;

[0024] Figures 6A-6C are simplified schematic views of a substrate support
assembly according to one embodiment of the invention;

[0025] Figures 7A-7C are simplified schematic views of a substrate support
assembly according to one embodiment of the invention;

[0026] Figures 8 is simplified schematic views of a substrate support assembly
according to one embodiment of the invention;

[0027] Figure 9A is an isometric partial cross-sectional view of a port assembly

according to one embodiment of the invention;
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according to one enbodi nent of the invention; [0027]
Figure 9A is an isonetric partial cross-sectional view
w@booa/oprr: assenbly accordi ng to one enbodi meneCDiS1008030996
i nvention;[0028] Figures 9B-9D are isonetric views of
a port assenbly according to one enbodi nent of the
i nvention; [0029] Figure 10A is an isonetric partia
section view of a processing chanber according to one
epbodi nt oé e inyentian; 003 ure 1%
[°°2P1;omet igpres Y B1Ak ake ISanerinG v @é%%m E 2 '@9 to one

emb@ggﬁémcﬁghé q“;élp,ﬁoﬁnbodl ment of the | nventl on; [0031]
Figure 11A'is a cross-sectional view of a substrat e

[0028Lipporfigered16A ps andseinetyiccpartiab sectirovidimef a pragessing chamber
ment of the ntion; .[0032] Figure 11Bis a

accod%gsosoé‘&% 8?"m\ﬁ'm¥ € Vel r ate support and a

[0030] OCeSSiyng: TOBTHaN id6Hettl pmnaps@m)rﬁﬁbw%fr@ Rrodssiiiechamber
invention; [0033] Figure 12 is a cross-secti onal Vi ew

accaigling tpeine epbedinian ﬂwaame@mdu ment of the
[003w\é\?vnt¢|8Ure LQA3H I goue ét%’ﬁa?‘%/?e\,vsoiaef %ﬁgﬁléégcgb;?&% and a

a processithg chanper  accordi ng

proceﬁtmgichiéﬁtbe@facbbl@lrhg?ttﬁ@w efmibodiidh] offthg iiveertibh; i s a
cross-sectional view of a processing chanber accordin

[0032]y ondighisodilReit 2ocregfeseqiipaal vimw plo@ssybsirajar su and a
procbésﬂg g:hgﬁﬁ)e‘r‘ %CEB ﬁ)e&ﬁé Qﬁ@ofd\f'bﬁm &th8 ifisiioRt o

acco ng to one od| invention; [0037]
[0038F gur eFlg&redeuSJ assaa cpegssgEationak wewwo@faapsubabcajtdmg to one

S nd si.tioning assenbly according to one
emb Hr@g‘?ﬂ ﬂf Eg’ef‘H%nl nvention; [0038] Figure 16 depicts
[0038) Per SREGY e3x 112w ¢ @&é@&écﬁfo@naﬁmréf é;{grocessm? chamber

posi tioni ng assenbly according to another di men
accosflingie qnmmnbcpdjmenﬂ ODB@] |nFelglmre 17 depicts a parti al

f t t .
100995 LGl BRI ot SERroB 8 B asRi 358 Bkorcing
to orﬁJ@ﬂdbﬂiﬁﬁéntQﬁtﬁé‘ﬁwéﬁﬁ@ml on; [0040] Figure 18 depicts
perspective view of an air beari ngf edge roller

[003@1ccor ligigret BB i acotpertiupesioseseetirnagl e taf gnsusceptor according
to one embodiment of the invention;

[0037] Figure 15 depicts a perspective view of a substrate support and
positioning assembly according to one embodiment of the invention;

[0038] Figure 16 depicts a perspective view of a substrate support and
positioning assembly according to another embodiment of the invention;

[0039] Figure 17 depicts a partial sectional view of a thermal edge barrier
positioned on the support and positioning assembly according to one embodiment of
the invention;

[0040] Figure 18 depicts a perspective view of an air bearing edge roller
according to one embodiment of the invention;

[0041] Figure 19 depicts a top view of a lower base plate according to one
embodiment of the invention;

[0042] Figure 20 depicts a perspective view of a support and positioning

assembly with a substrate thereon according to one embodiment of the invention;

7



[0041] Figure 19 depicts a top view of a | ower base

pl at e according to one enbodi nent of the invention;
WO 048942 gure 20 depicts a perspective view OPCHUS2009/030996

support and positioning assenbly with a substrate

t hereon according to one enbodi nent of the invention;

[0043] Figure 2 1 depicts an elevation of a substrate

above a base plate according to one enbodi nent of the

i nvention; [0044] Figure 22 depicts a perspective view
[0048] 5 phigEre %k depictora rRjeyalian et eabathstiale dfovena base plate

I }hgﬂtci ; ! [ : icts a sectional view
acc%u{d pr%e%@?ﬁéﬂ%@%ﬁéﬁgﬁgﬁng to one enbodi nent of
[004uhe i nWigote @A;ddAe6d pErgpectve 4ialepfd base Jilate atdoendin to one

the support .assenbly in a | oadi ng node according to an
emb@ﬁﬂﬁ%ﬁ“ﬁ‘%ﬁ{‘eﬁ?"WQni nvention; and [0047] Figure 25

pi cts; i i . . i .

OO o R VAR g IAREESaNY ber according to
one ienvandinent of the4dentionf aci | i t at e under st andi ng,

rooaphai tiigure £4 BBt HETo R LR BB Aecripll Top oading mode

accoraiB drfernbBBdimdhiiatshe PREMiIGRERIFESCRI PTI ON [ 0049]
Enbodi nents of the invention contenplate a method,

[004Zbhpar dtigureaRd dgricisnat side dew olsdie suppoppagsembly in a process

0si L r . t.rate. during processing.
moo%n%dgéhﬁ@%t@ggfeﬁ@'ﬁﬁgg§f&%ﬂh\ﬁ%§“°§}so i ncl ude a net hod
[0048] conTa dhtilitage t ineddrsiansfrey, idbnhiedt rdieteneennamerals have been
substrate and, substrate support positioned in a
Usecbr\ﬁ'&%@é’ﬁhﬁoéﬁ’ﬁﬁaép.deﬁ'@%ﬁdﬁ?'&‘ﬂ% elements: Hsdsqare common to the
fgscribed herein remove the need for conplex, costly
and often unreliable conponents that woul d be required
to accurately position and rotate a substrate during

r ocessing steps, such as an rapid thernmal
DETW@E@QESG&'%@'SWOC@SS, a chenical vapor deposition
[0049CVD) EHBE&RTeNntd dIhiye WEnN&P@on‘f’é‘rﬁﬁ@té 10 PhdtRYE) apparatus and

process, atomc |ayer deposition (ALD) process,
systemdhat preonssssd s sfppal,, poRdigre SINCt nofatpreoselssirath alviidy processing.

EmeSHBbad8 o A PEDaF AR Rl Biboa EhoBliblipbidne wanster
of hbRbetyerb&r BUBEREREANUSENESENE STIJWHposARABHAINUS BRStessing

system
chamber. The apparatus and methods described herein remove the need for

Figu

complex, costly and often unreliable components that would be required to
accurately position and rotate a substrate during one or more processing steps,
such as an rapid thermal processing (RTP) process, a chemical vapor deposition
(CVD) process, a physical vapor deposition (PVD) process, atomic layer deposition
(ALD) process, wet clean processes (e.qg., TempestT'VI process chamber available
from Applied Materials Inc.), dry etching process, and/or laser annealing process.
Substrates that may be processed using the methods, apparatus and system
described herein may include, but are not limited to 200mm, 300mm or larger single
crystal silicon (Si), multi-crystalline silicon, polycrystalline silicon, germanium (Ge),
silicon carbide (SiC), glass, gallium arsenide (GaAs), cadmium telluride (CdTe),

cadmium sulfide (CdS), copper indium gallium selenide (CIGS), copper indium
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descri bed herein may include, but are not limted to

200mm 300mm or | arger single crystal silicon (Si),
woredovioorystal | i ne silicon, polycrystalline siPCTUS2009/030996

germani um (Ge), silicon carbide (SiC), glass, gallium

arseni de (GaAs), cadmumtelluride (CdTe), cadm um

sul fide (CdS), copper indiumagalliumselenide (CGS),

copper indiunsel enide (CulnSe2) , galliliumindium

hosphi d Gal nP as well as heteroj unction cells
seloBiienqiinBain SISy ben Hieseh eieals b Pt Wal ds. heterdjunotion

cellsD r§uc§1’ a%bl%’alnp ﬁé?@%terﬁ?é’/@aKé/G‘éulsgﬁstrQHE C‘F”rlef?er%ly, the
ot her desirabl e shape n one enbodi nent

subsitﬁjeds gt eir¢lgdan b&lenouldrtthamy)otrmbmswable ghzpte. Hasonze embodiment,

lurality of semc uct or devices forne

the SpbiBubl i 8 e RaniRiee SEhoRaELRaE Nalr A aluayy o spmigonductor

dev1<?3da§I forffled 81§ aSproebEahg sulfac8 e MMedblote8ding RefaBROSH H@wce side of
de of the substraté fromthe |ower sufface WL of th

the gulb%tfatat & genafaliyhon éhelonmsm sidlei of Higyspbstrate tromst]]e lower

surtah AT IER sufone Trabionds REale BondR 27008 ¢ on.
rotate a substrate .u a fluid that

10051 | v iFrr S PrALEN SR Sral 1Be dayarton e aroyidg Substrate support
that sg bt 16 3o sSR! boﬁﬁéﬁﬂahwol%tét@ U bshhte 'Jsulit?sat ﬁg%ﬂ that is

found that by controlling the characteristics
deliviered drcunelthm ed rmeerpoie formed iora r&onbetrpta seppart aassembly 100

sur c bstr such.a wrate and,. .
(FiadyB 1At P’ Bferd 180 I ¥ “Gibeiiiio, Tt FRo Bt g ot the fuid
deliviehed lfrfcbliﬁ%é)lthl’@@r& Pord spontsh@ & 4bFbeats? thasudBtrate, such as flow

ed, p05|t| oned, and/or rotated. The

accur at el FFO”
rate wﬁp@'ﬂqnta%& sicfar@n@rf teiddaliyarast frometheythsee oranpre ports,

the s&fb‘éﬁ%?e Bé(n tbg r{c'iﬁéélb qteﬁo QMHE&? é?r{bzgref:ot Ifed hﬁhﬁ]guppon,

i N the sur ace

posifiaring, angaotatidn bof the@ub‘sltmtei |§bamﬁ barthbefricidrbianedmbmentum
t he substr at be mpved and be positigned as

tra”%@”ee H‘%?toﬂ%se'rbwe ﬁ‘&f’ SNy dop sebsirats) suitpeee nf hdorce imparted
by 48 ifGR) Siré&® b@ ohiBind @k 'E:QUQ@ tﬁé’%uﬁﬁ?étbctbeoe moved and be

contam nati on ramati ca decr eased,
positigrest ad hyedmtby albe of amlmezi/lenp conérol systems u‘ké eleec&\lsnzes shrink
ubstrate Wfrom

the DRSS 1 Gt s AR, S EeaIh Y G istc t is generally

desiabld a6 eprbloft ehy 'lB@eF heifaesi W10(F|?H@V9mt tHY sUBL@RAIEOWV from
of the substrate. Typically, the Tluid is a gas, such

contagfing theog@afnbﬁ@ppmppngngoﬁuckrqsptkm]sub@tﬁie Wﬂg@mﬁace 110A
dunng B%éelpcgﬁ,: rggée@gﬁlg §g%otgﬁg lfgpéc‘ %Pgatg%%l | ?%F%W the fluid is a

gas, Isldclthtas aligsgéem helume! argorp Hrypi@dhn, GRS HReddem abr ¥b®Winations
processi ngi charrber 10 1 that contains one or nore

therq)% qng in gomezaprligations apidpe a liquid, such as water.

[0051] Figure 1 illustrates an isometric partial cross-sectional view of a
processing chamber 101 that contains one or more walls 102, a lid 103 and a
substrate support assembly 100 that is disposed in the processing region 104 of the
processing chamber 101. In general, the processing chamber 101 may be an RTP,
CVD, PVD, ALD, wet clean, dry etching, laser annealing chamber, or other similar
type of substrate processing chamber. The substrate support assembly 100

generally contains a substrate support 110, a fluid delivery system 130, and a
9



substrate support assenbly 100 that is disposed in the
processing region 104 of the processing chanber 101 .

wo poogemeral , the processing chanber 101 may beP@mURDBFY/030996
CvD, PVD, ALD, wet clean, dry etching, |aser annealing
chanber, or other simlar type of substrate processing
chanber. The substrate support assenbly 100 generally
contains a substrate support 110, a fluid delivery
system 130, and asensing assenbly 123 that are all in

Sen%B%@ﬁﬁ?'@Q{y b hiat Rreall s eemmitiggtion| with a systepoosntrolias 120.
one enbodi ment, as shown in Figure 1, the substrate

[0052]y/ |s|nsm§oﬁlw<imeﬂhea$lsh<@wﬂ Bn dégureeredher substiate “W” is

wr S to,th L 111 |
supitiel oAhb Y 2 BRI Nl bl RO et 558, {815 the pons
111i(BnE 6MOHBARY iformaéd Vi eMe Glubstraey suibrefl 1bheFigure 2 is a cross-
processi ng chanber 101 that contains the substrate

SeCtQJ”Bbo\f"FWans@rtﬂ%ﬂ'qu@ftm recessHIa |06‘ﬁ€d>9c§n1@heth@f q@mains the
subé‘i‘?alté%uib@%p ﬁ%ﬁi’olngﬁfAegg %@ﬂ%ﬂgge Dbne 3 hteh\'/vﬁué”ﬁ?’ of the

a subs OVG stra e su

prock&8inhyclearhberi d 0'1B" Ideihusveflewl 4 mtmg‘latqownslédpm“lddmibove the
en the substrate W and

Subgi?g%%#égéﬂif}&g@ gefﬁifg% Helivpapd tsougherprb d wqtﬁ@t 2 gap ‘G” is
formfekiu?er red ML@%UB%%GW aa?ﬂu%hel sUHét?é’&gb %llq%% 'ﬁﬂﬁ gap “G”

pre et ween about 100 mm and
creat&tbbgﬂb@tﬂlumbBtmayl’me sethsenadlolts pnearad aboab(bm)o 300, preferably

o, oI B80S b S e gt
elevaiRideaboh 00t fkd. SUbstidrallp, 'assé\‘iscﬁ‘ ﬁ)%?'é?ﬁﬁv Meistbh APUE optical

t he substrate supporting surface. one enbodi nent,
Senqq“»efrtﬁb’t b@aPO%M aaddccvrrf@usg@ttend@eﬂtt éienethel sabsirate is at a

dosfE okl 88 e, S5t el ke, Jh 514 i o

optidah séﬂ@or@ﬁbﬁmer@ﬂemtd@ﬁtr‘@u@ﬁm@bﬁe 886 tordttél thameBRed gap “G”
formed froma netal, ceramc, plastic, sem conductor

by adjusting te Hew é*.ei'\é@@dttvp@ra;eapw oG @cheoo%'tﬁ)bbT t
substrates during processing. In one enbodi nent, the
[0053ubst rat@nes gppwdiment) the substratsf sappest dl10 eare rbeafsormed from a

S I dj
ot ST, paPE kb Raot BE bl B L REPLEE Yo suppor
substratey dating gprebegsinglualint ne saERPGdifrRiNtSild eobsteebdhort 110 is
alumna, zirconia, alumnumnitride, or boron nitride.

made g suetnle SFias duminepy agd st@piessstgeh elmpngther embodiment,
the &%Hﬁ{@%% 3'%0@%&& bt 4 c%?%g\fcgha‘fmog\?cﬁ éf t(#?%ﬁtzaggpphlre

used to provide and control Ivery
silicanhearpolet alubditaf Zraoeds, i atuhineins nbhsde, adrdbgoppdride 110. | n
one enbodi nent, the fluid delivery
[0054] The fluid delivery system 130 generally contains one or more fluid

control components that are used to provide and control the delivery of fluid to the
ports 111 formed in the substrate support 110. In one embodiment, the fluid delivery
system 130 contains one or more fluid sources (e.g., fluid sources 133A-133B) that
deliver fluid to each of the ports 111 using a fluid controlling device (e.g., fluid
controlling devices 131A-131B), and optionally one or more control valves (e.g.,
control valves 132A-132B). The fluid controlling devices are adapted to control the

flow, velocity and/or pressure of the fluid delivered to the ports 111 by use of
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system 130 contains one or nore fluid sources {e.g.,
fluid sources 133A-133B) that deliver fluid to each of
wo b@oporrs 111 using a fluid controlling devi CBRCT/ES2909/030996
fluid controlling devices 131A-1 3 1B), and optionally
one or nore control valves (e.g., control valves
132A-132B). The fluid controlling devices are adapted
to control the flow, velocity and/or pressure of the
fluid delivered to the ports 111 by use of conmands )
comgands; et {1080 4 t stBneIaller . Ipnogpeembodiment, the fluid

i t e % I i i r .

config A8eg IS Lo uBREL RS 10uP BURRSfo BYce) it are i

comoumeaticcaitbnthel systéecantsdliem i@t foldnethdr2@mbbdiment, the fluid
enbodi nent , .controllin vi ces ar

th the. f1ui
contfPIRig evireratecs thratt Saicediiel i pangueddp davetcesed flows at

variddsOWhoRh MRISAHS. K cBheSE Bf 88e sUMRHARNEQlerRéntt BSn also be
substrate novenent can al so be affected by the type of

affeqtpdiks tHee type, ofylvislss(e.oi gasesy, liplids)edalivebsd bliethenenamor more
porf L e B BB Rt e tueen P e Hedisasito be taken

into Heeoa®l. eThieoseledtidr ef ftHnéJifldiogg@ﬁé@hwmaysal_sal taRe tidleLaccount its
into account its affect on the process being perforned

affegtnop hibeppEraessi hgingegedarmed . in| theopeocassing regien 10k In one
i d..dal | rts, 1 i S .
embpihént e Yl e BIAS Hhol g BRiachisnti iy hat A a diferen
compositionethtin fheugdsésus henmporeatsiiogd egithe pebsihguregion 104
) L%? o)f t he processi ng chanber 101 during processing. )
(Figytgy 1)eXfatiis) Rrocessipg ehagrker Yy dufing PRASSERS: nfot REaBele, in one

casel Whbre Sthd g%%\éQsiﬁgaHr‘%hb%P% OR' RC Ssgb@g/ O eHafibet OtheBYocessing
contain a gas or Vapor that is used to deposit a
regiaratl 84i raby crontdie & gasawevaport that ssiluseddbeddmosit. a rmalesiak on the

st GO BB 5 BR8P ARG SR T RS cemere

fromfthé PRGN 105 is & 8 red AWETr ild1e g8 NSRS LASHBEEA Yor Hégon.
generally contains a light solrce 121 and a sensor 122

hat it S, rate;pngsdt i

foos$R’ ViR PORihg ARSEER, S8 Rkl SRS (P IANAIE] 121 and o

sensionf itdrdbabbare paditoreys tesanset tha Isebstt2@ positibat rdldtéere to the
osition of  the substrate Wccan be actjvel control | ed

subefi3 puSR i1 PO PiFas TRENSG © iy Sremdargolir 120 so

that #R\OGGRDE He $UBtIt@N caRWL Akl SolttrARAIY thb2delRBR) of fluid
positioned so that when the substrate is positioned in

to thg peds rdbl e Ipdbist corfiguiratinm thendight soursi g1 cdnahbensdr0122 are

- e ontiQ e |i. E'_(Figures 1-2 -
positiore £ bl Albstrend Bphasition T 2 b b Ehsitbhy witin the
procésyin@ehambiet a0edableabhe faytéresi fRdmI“ER(Figdfbs 1-2) received by

Commonly this configuration is known as a "throug
the sgpgaf 1gé,ﬂr§inp]§1e light source 121 can be monitored by the system controller
120. Commonly this configuration is known as a “through beam” sensing
configuration. In one embodiment, as shown in Figures 1 and 2, the sensor 122 is
positioned within a cut-out 115 formed in the substrate support 110. In one
embodiment, a sensor 122 is adapted to monitor the features on the edge of the
substrate to sense the position of a notch formed on the substrate to allow the
rotational speed to be measured by noting the frequency that the features pass
through the sensor’s field of view. While the sensing assembly 123 in Figures 1 and

11



configuration. In one enbodi ment, as shown in Figures
1 and 2, the sensor 122 is positioned within a cut-out
wai@ohenrned in the substrate support 110. | n OPEI/US2009/030996

enbodi nent, a sensor 122 is adapted to nonitor the
features on the edge of the substrate to sense the
position of a notch fornmed on the substrate to all ow
the rotational speed to be measured by noting the

uency _that the features pass through the sensor's

f .
2 ilsErie G ShENIPWRRET: PR o NSy gegmﬁyomzsan gven a sensor
conf@ﬂé‘ﬂ‘cﬁ?trﬂatélﬂ;%% light, Upe58®nf UIIA?IBHQ%FI e MRATehYBE 1S BRSRhiting as

configuration, or ‘even a Sensor o guration that
to thmesope giitthet hesetlmrsﬁn@maylmaanaroé momtomtgeﬂnte@osmon of the

subss o3 b a0 gt EG Foon e batie SooB o 4B Tedbtion. In
one BfbdRAcM, dheuloraitattiobiRasbr eoMAqIRaleHP IsCusePRPs&Hset A8 position

i nvention. In one enbodi nent, a retroreflective sensor
or meyaniajubatsubstrate. uRetroreflestivie senaerspgenaratin eotit kaittiand receive

o SR BHE PR B RO LB BFRF DR

t
10058505651 e/ L5k eontiglit 5P patpts o St def v epmponents
used ibecd/rﬁbl’e%lﬁwéé’&m%@tsﬁpld@ﬁ%s%@nfbmd)@bﬁdtd?&ééé‘i}?d éﬁ’érﬁber 101.

upport assenbly 100 and processi'ng chanber 101
The s%b@!@fm contreltar| é201@o denegrllye delgpedetd daeilitate the control and

et T AL D Gl BUBERL o cona
proc@éﬂﬁ@&ﬁiltng:lum YndtCERGwiIhY) TheSldeyinot SRS a(rﬂoéu@gw\/@i)rcuns or

port circuits (or I/0O (not shown). The
I/0) (f@t@hewm dhe GRYmay besmsue eanypfpér@eﬁs:@nyotttﬁ@mrose&sors that are

usedjsiﬁdlﬁdﬁfsh{bqu%ﬁlh@g Eogr%gﬁgélrhégevgﬁgﬁg oé&)s'té}g Ylﬂ'{d’[l%Hg chamber

tem functions sses
proceﬁereﬂ;\mdasu{lpp@i hadbvaret (@ ., dettdrs, rdhﬂts;rrﬁotofé diutl sources, etc.)
sour.ces, etc.) and nonitor the processes

and Ytqrathe QIRERASESt arger SHRAtETE pRAOTS & lﬁﬁéwa&w}eﬁ vy, supply
vana%té%n@ﬁénﬁfe?g)‘?&%sts' tifRe I!’d)@lg%ﬂ 3ét§ %% r)mm-gﬂgls e)éted to the

i's connected to the CP one or
CPUy eadi mayabai dreeblog mermpjl a semlyaavallabtdaomemoels$unbnm yandom

e P S B Ee (SPRRE A oV o

othersfbfrmwfcﬁ%itélsétéﬁa“gbl Wzl anferfiatca Safwhr pefaeticHidand akRdcan be
wi thin the rrermr%efor instructing the CPU. The support

codegl; ardstosed vathin 4 mmgm BU ingtryciingabe €BY. slippauppag circuits
fy i por
are élgg (9&?1%%?&9 to trrll cac uggghg]:ﬁasup I5>|m eg%oisllflg zgconventlonal
manmerr CEI‘h"eSsumJtpUblrowts)lmba)C urrcﬁuucﬂé Icch& Upswet eupplied)dlbdie circuits,
like. A program (or conput
lnput/output circuitry, subsystems, and the like. A program (or computer
instructions) readable by the system controller 120 determines which tasks are
performable on a substrate. Preferably, the program is software readable by the
system controller 120 that includes code to perform tasks relating to monitoring,
execution and control of the movement, support, positioning, and/or rotation of a
substrate along with the various process recipe tasks and various chamber process
recipe steps being performed in the processing chamber 101. In one embodiment,
the system controller may use conventional PID control algorithms to control the
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i nstructions) readable by the systemcontroller 120
determ nes which tasks are performable on a substrate.
woe@beyrnd y, the programis software readabl e PGT/UR®09/030996
system controller 120 that includes code to perform
tasks relating to nonitoring, execution and control of
t he novenent, support, positioning, and/or rotation of
a substrate along with the various process recipe
_tasks_and vari ous chanber process recipe ste
delivigey obfiddoithe m@sape&égelwwnérwém?ewaw& pqsﬁféa 6P rotation of
the &RAdidrent, the systemcontroller may use conventiona
PI'D contr ol algorithns to control thedelivery of fluid

th I 12aP: N
foosE ;o nfiafel dmbBafifdrnif ko BREesBind (iflinPRSf, sk MFigures
2 arﬁrbwdamﬁdg@fbafrm 5r|sca$c$edwgo chandubstrafe suppert sets@wmblw 100 to

gures 2 and e barrier 5 is added to th

impravBdbe dheTaapHaNe A Ghig SBUBL HERe I oPRES ger Fae thermal
edgéJEéFr%rr'ﬁ iYafh hh%rmglt\xlﬁkgné‘iqéé&%a‘?‘f@@ﬁéﬁdﬁ%ﬂ%ﬁ, the edge of

edge arrl er annul
subsit rages W pard Inanllttsythe| mouement besthe lsabstigie withisuibs boandaNds. The
apd limts the novement esubstrt thinits
edasp Bt eals R aigl Bantquspdaorreoaie ficau dt iy eiver heat to,
the 685@' &U'ﬂ‘?@ dubstrafe! vVehBeMeriaPBddy b%‘?ﬂlérvgr nfAbet Semperature
dge of the substrate. The thermal edge barrier 5
contmﬂszdbesmgntwmm,uemb@ddedoresmveshagtnm@@eme@tﬁ;eddeﬁjher similar

meapTy BohtE BR e i iotss S belhOgh i MierPlos BERBRalfer 5 and
the st@aleas euge. Erh@nmehhal 8486 baia’ 5 nrRYdse fameatdwfram a material

edge barrier may be fabricated froma material that
that reég%ééhe rp@t%taémcraéf:h@@rcatqqﬂtaf@mtlowﬁtamwbstraw girface, and

have Q%e%ﬁ'?ﬂe@ﬂ%%v@ﬁéo?g(ﬁ yhf'?)n&) b&h rg(?gié’oegn%g}/ssﬁo\f'é)ﬁ%mple the

or abnl € radiate

therrhhleeddree berrieresl glﬁa)bberfbbnc@tedﬁmrh@a frraé:tenalatsadh fafSOQm@on carbide,
ri a such as fl|lCOﬂ carbi de, stainless st

stain%asgmetﬁg al UM URNSI %@”un‘i"Hﬁ“n%roraam'%fP\ te@ﬁﬁ@tgﬁp@lymer Other
; is
attnbgl?ée)’%e arfibF sl.ggtsggggé%h{% %%gggg?a bElow

i scussed further di Fi gures

[00583A Scljlg#]drg§tifﬁ9§ %t?ﬁ%s\/a‘?@gpos |§ne91fts ;%%&t 31 that can be

hat e use 0 su fon and/or"totate
usedsitbstippdre, positiant drel/@osithico nesumtate tWethauhstpbatnened over the
ort 11

subsfEBUTiRPHt § Skt d'cﬁ%%taf’?e&&ﬁeﬁﬁve%%%én%?a FPimiadisnting the
one $0RCTIFAGRA €1 IURRY b 10 et el METEHEMAErcron
with tthe %wdsﬂwwwg fronbeors withar ttbe, ppns|11bnﬂ@maNUer@ﬂaﬂ@Mato be
supp%ﬁeg,e Sggiﬂbneé alnsc’i rbo latle%vgg ntele bylt ldjbeTc‘eveég thaﬂ by adjusting the
velocity, flow, and angle with which the fluid interacts with the substrate surface the
momentum exchange and friction created between the fluid and the substrate can
be used to dynamically position, move, and/or rotated the substrate relative to the
substrate support 110. It has been found that flows in the subsonic regime (e.g.,
Mach number <1) greatly improve the coupling efficiency of the fluid to the substrate.
Thus, it is generally desirable to design the apertures, and also deliver fluids to the
nozzles at pressures that will cause the fluid to exit the apertures at a subsonic

velocity and/or cause the flow to be choked.
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velocity, flow, and angle with which the fluid
interacts with the substrate surface the nonmentum
wez@banges and friction created between the fl uPdI/asm09/030996
the substrate can be used to dynam cally position,
nove, and/or rotated the substrate relative to the
substrate support 110. It has been found that flows in
t he subsonic regine (e g , Mach nurrber <1 greatly
i mprove the cquplin i en the fluid to th
0058 b G eane SHRIMEn, &t esEals Tacteiai e ofespgmore ports
111 TsBethQP%éWH%ﬁveraQChLﬁ&%ﬁ glelp¥Rionid Vb%lt?‘{eté]el\ﬁ%zhﬁﬁber >1),
at pressures that wll cause the f 0 exit
sinceafies law ¢sesgura rsgl@@ocneateﬂélamrtwtmeae/ mr’ts: aluseta the Eje@w;d high

velogiy Bfief THs et fiasane’ BrSifige SRBOSUES Y. in (dhel itigiiment, the

aperﬂﬁés vap i thb Wohsat 1R cRHARS ﬁ%hmétﬁ{d)ﬁaw al @@erglwgcshectlon and
umber >1), since the |ow pressure region created

dlversrrtgm@lcttqﬁeg@ thalr the, nerzée sbape éeeq cde d@val gazale) wili ajow for the
. one. .

creaffbfoyBaRoRE AAE P R HONE BRI LRI i BBl point

It is belidviedetiat by itieeiing anyss et @gp@eohicwelaﬂﬂesiinvarogi 6fda substrate

section so that the nozzle shape (% de Laval
can kg Geated,py [theflighery spuserd ba/r*é@tﬂ%\ﬁ foas fRWasii @ low duessure

r h c
rogicH\FRalciFLP IS Blp SsORRAIT REESEE! oy Afbrk " nEEdiEfeS e motion of
the smhse'as@rmbn e [cootrblied byodehmarmrg aupm’senx:afﬂcmsdmrb&)ne or more

cr.eaﬁ the friction caused {gae w of gas
strateQGalig &) eldoRPB? SUHNG% Oneg%mrpea H@te rocessing steps
perfo‘?H)@%r SPHE subsiatde! iy hedeRBodinRiit it rﬁB?reﬁé&rb“é’ dédiable to use
moti on of the substrate can be controlled by
portsdtat \arei algle stapdeliueni suipelrsamic fflasya and mmmﬂm are able to deliver

strat eqgical | | aced orts durin ne ,or r
subsGhEHR 56 maebalifg dBRlish SapPafi” of efrtads of duvering o
supelsorigoantbesligreatpor is thay |taiII8)st@1éiﬁ§irfc@bb% Hirettihal flow (i.e.,
ports that are able to deliver supersonic flows and

towawrth@ peiat ohlow Arssuie) Witheutdhedigeshin Machihgsan @nglogeaperture
in th@@ﬂbglrrat@ogd o‘?’P ?—‘oﬁmﬁ r? e@ﬂa@gﬂﬁ%t A%Re gubstraﬁe tsuP;t)or‘[ can
rough a

'verin supersonlc port
be difidutivte amEvteOmI substata sdpp@m tlentadrefrhasle Of aeceratrioveradsrial, for
the point of |ow pressure) wthout the need to machine
example.angl ed aperture in the substrate support. Forning

an angl ed aperture in the substrate support can be
[0060]; f f i ulonetemiedinsn, ks syt inFdowepddr the paEt1 Bk gontains an

aper’(ﬁ%q 1‘5 t tCFsr @ﬁbﬁte@a r?re{ %Lbs{aw'hgﬁ)/(ﬂzﬁ*n%l J%Q%ﬂ ] % WE lower

n as shown I n Firgur
surfaceNVaDh&easutmnenté Ww.e i fiils t:batlguna’uon Itlﬁmir&eit flow 8; passing through
the a%ggg;ea?%é %’ltr!léésr]tﬁé rlrg\!veroétlj ace 1 or} t%e sugstratevw causing the fluid to
flow in various directions, such as directions Bgoi, Boo. When the flow and/or
pressure of the inlet flow B; delivered from the fluid delivery system 130 through the
aperture 112 is high enough a gap 114 is formed between the substrate W and the
substrate support 110. Due to the perpendicular orientation of the aperture 112 to
the lower surface W, the inlet flow B; will tend to support the substrate and move the
substrate in only a vertical direction (i.e., Z-direction). It should be noted that the
size of gap 114 formed by the flowing fluid will depend on pressure of the flowing
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surface WL of the substrate W In this configuration
the inlet flow Bj passing through the aperture 112
warevker7s he | ower surface W of the substrat eP@¥/US2009/030996
causing the fluid to flow in various directions, such
as directions BO , BO2 - Wen the flow and/ or
pressure of the inlet flow Bi delivered fromthe fluid
delivery system 130 through the aperture 112 is high
..enough a gap 114 is forned between the substrate W and
f'U'dt’ﬁ% 'gﬁBQttgﬁt@eﬁ}ﬂﬁdf‘t‘h?lﬁfoc‘éﬁféng degiRE YUt aaure th).dhe weight of
the PSFRISI. e Shol¥ I I THIBARGHLIE haTroPiREs TG, and the
veloaitydofrtbe dlomtig Juidftrorattbe iapednlgs h1£\’/ert| cal direction
(i.e., Z-direction). It should be noted that the size

[0o61f gaFigde BBrisracsitly crdes-§eaivnag viwubtawdr 1depedtds @iented at
anaBgessure of the flow f|UId relative to the pressure

ley § do B dwea ﬂt_&{f‘?% incf92 gubsigte W)so mﬁbt%ﬁ@mt@ﬁ W can
be shﬁﬁoﬁ ahd %@vé@f h%e@??l T &; b@ﬁer‘ltrﬂ?'tﬂg'lrﬂgt ﬁl#lHHE)W that is in

roperties o t he the velocit
a dlred:tum ngrrrﬁehldo dhé icamrtdrwfaa:péNﬁ L(lecgs, &XZSln[d)Oﬁrh}areFlrguhmaecﬁ Biis a

fuid S EyELeT 46 L RGPPaT e wer Qe BRi ot whgptioangentia
to théu&ﬁéfﬁﬁ@aéélm (et tBtﬁgﬁ&tﬁS%%P@lﬁNméea?@Bswﬂmd%w vector)

moved as needed. The conmponent of the inlet flui
will ten@\m e th@ subsirade irethe dmeﬁmmM Duettbéhe @ngular onentatlon of

e 81368 b s eSSk WL B0 vifER % move e

substaten a\diviekgor M1 fdu@wOl thedridiidreetd-08d bahgesh it floRingduid and
| ower surface W Ng B, x Cos(a) where in this
the subsirate’s jlawegr ﬁvﬁa@e owWéuﬁ &r POikion| oft daedinied fiay &ty flow in

otherSLbki)ﬁétc 8111§ 'sUcI# h{anhéei%\ho % ﬁa{ : Veﬁ%glf'l{)ﬁfe V\fl" be in the

orl en nl et
predemmirizat éloWwectblhB1 s nlirettibh OIWeEBthélonbat‘ailohOofr’tba epehare 112 and
ubstratelnjdlrectlon e friction

i e t h .
fluid 0@ pEbeFitshe diet ﬂ@dpﬂamty'@wum%?t%né tites SIRRAeS & forge that is
appllleev’f%rSLﬁ)‘éh'fa?é:W%e #Heefr@tﬁﬁrdf'tﬁa fR{WIF\QQMI a@%lrfs e Blibstrate

flow in other rections, such W vect or
SurfaBE ,caussitg tfe stlestfdtewownove lre then dirbetiqy dlantimaave faway from the
t he, or.i ent t|o

subslBf Siprrt130AnEmTate 1 I prRGidhinidk Mo igefbr B/ direction.

shouRl B8 aiBt8@Nkat ihewz m@icabn Blontpbert 'dt ahe oradb@irseit il vector B,
plied to substrate Wdue to the friction of the

a
and q’th@wF lpiy veriare (agaiflest vesier Babereatadby the aneleddnlet fligw Bi, which

s SIS A5, SR SO SR Wt

redom nant f vector B1S directio It sh :
00621 e A2F THROSMETY et SORHedRgaLiA TGy 1Eon 111 ko contains
one @frﬁﬁ%ﬂﬁ’éﬁstfép@‘ﬂ'u\@ﬁﬂ 08 thdt ipduret fxabadt K PWoHRIH & the inlet flow B;
., flow vector B2) created by the angled inlet
mjectﬂdogyg;he apedwe(s) 112, This configuration can allow the flow of fluid
delivered by each port 111 to be self contained if desired, thus avoiding the case
where the flow from one port 111 on the substrate support 110 interacts with the
flow from other ports 111 formed a distance there from. In one case it is desirable to
restrict the flow of fluid through the exhaust apertures 113 so that a portion of the
inlet flow B; exits the port 111 through the exhaust aperture 113 and a portion of the

inlet flow B; flows into the gap 114 formed between the lower surface W4 and the
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tend to support the substrate, are generally not shown
In Figures 3A-3D for clarity. [0062] In one
werodiarent, as shown in Figure 3B, the port 1BAT/EHEZ09/030996
contai ns one or nore exhaust apertures 113 that
capture at least a portion of the inlet flow B,
injected by the aperture(s) 112. This configuration
can allow the flow of fluid delivered by each port 111

self caontain i.f desjred, thus iding t
SubSi@éeeSm%sv fate 1 Bl tne SheSESe subbor (e %ﬁ&?f%ﬁ@

rt 110 interacts with the fl ow from ot her
[006:3]11 fd'ﬁ rEwthergebadireenth éris dasiigble ip splechaly 'nli“bltsihe injected

inlet ‘?I%W Baﬁbﬁﬁ 5)9 n'i ?Hor%@ thge?{w aﬁ‘éf g eﬁ{n‘é’ ﬁjﬁ%‘i t?ﬁgé}fahrgrtnes during

hanst Cabert ion 0
the édbsWa& pEDGeiSSIngmiep(H)tbyltlée bhammﬁrdlllableee(hmlsst valve 134A. The

con B 288 TolRiebghe b et it b b Gh%r e
type AAabtieshsh rtﬁ&lelsséﬂgé’% P?&}Heftﬂ%epré%%eo%n& fﬁ%ré&ékésthéaﬂﬁ in the

support "110 {I ow BG I n anot her
exha&:sbaﬂenhmet 113.t Cicsintpia exhaust apsdliect | ¥ alil cande Hie injdated fluid

to ﬂoLyQ&vitut Pthe Boi 114 et baiREeE he 108t SuTH Vi Sod dhe substrate
p‘éﬁbﬁrfaﬂieﬁ POR R 315 BAbSHAR(S) d@)‘t &€ QH ﬂo@%ﬁécﬂbh%&)eand thus
exhaust val ve 134A. The cont roI I abI e exhaust val ve

lmprqmmm;pmt efdhaessbstiateo an exhaust punp or sinmilar
type exhaust systemthat is able to reduce the
[0064]r essdﬁi@JranaQ iscpeaisle tlussfdestional view efhmysyt dpdr thatehas an

1 the. e ust a ure 113 w |.|, cause the
aperfif e e et PR AN EgIEdhehs sueBaliang atal fthe tower
surfa*é@tW?Qﬂ thBestéwafe W EnACEn \khanst Ahateebsid a4 is L&?@Pﬁéd at an

surface 110A of the substrate support {i.e., gap flow

angle|Br f@dﬂtIV@riOE!GP lawer shdece Mpr. olrethiseosligigetien of forere F1 created by

o BB 5L R AR 5 G5 7SR ancos

orientdticnbe thealexhauangpertiireat 13 ss sigedt@npiodidey anere@lr,t which is a
the | ower surface W of the substrate Wand an exhaust

compgnant @f éhQi%rCPhFac‘t ge@e@ﬁ% froan the oditetaligyy dn ghe dloxt diyaction Box,
that [;0 @p fed 9 ? TPF%M%H ¥ Cenb ftétr'neoeaorf gasiﬁon the
e I Nl et ow

at ed y $ use to primar
subsBaEpW in hdesitdss diratt@\M. whilegefohe, lay gpreddiogi mnrttquie aselectively

contrBllabignextitnd” reBdRet divenooeD AEBIGENG atatous. desited
dlrecflbﬁénérbﬁn@%éeéutfsltr‘é\ﬂé iSipbBA H@Vérﬂi/&eﬁh\/i%@ BElired ta"r‘@es (e.g.,

is applied to the substrate. force Fx7is used
anglerdd)e toe rmsvemem ohéhgubsmteate Wn nba eesily embntrolled In this

directi Ther.ef or.e [
confilyeigh 8 riPvebne R eSbeREBLbERHE oL gt i Brs low
prop&Eies. QIS rih bhikebnfigukdionaHs itlesflewd; tends to reduce the risk of the
lower surface W, of the substrate W contacting the chamber substrate support 110
to minimize the creation of paricles or damage to the lower surface Wy of the

substrate W.

[0065] Figure 3D is a side cross-sectional view of a port 111 that is oriented at
an angle a to the lower surface W, of the substrate W so that the substrate W can

be supported and moved as needed. Figure 3B differs from Figures 3B-3C and 4
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di rections around the substrate support 110 and/ or
havi ng desired angles {e.g., angle b) the novenent of
wo b@osef23i rate can be easily controlled. |n thP&T/US2009/030996

configuration the novenent can be sonmewhat decoupl ed
fromthe inlet flow B,'s flow properties. Also, in
this configuration the inlet flow B, tends to reduce
the risk of the |lower surface W of the substrate W

. cantacting the chanber substrate support 110 taq

sinceyihillisiatene eprfiguratieyof mmare idd &at AL FONEFINE RN or more

r . t . 0 i .
oo ST BEAG8 b0k LB OBLAL POt 00T i Fiure
3D) that émesskbchtheasulastte sapporttsuefalcevielhOAs uhtf tie codfigpfratibve no extra

bstrate W t hat, t trate W t
machip 5o 5 (RaUlEH. oRPga, Bodner FIdRCST T i H BUres o8 and 4),
featutBs HF tR8YedSdN ¢ COB {(Fidukdl st | 8h&Dr @xRANEH SbERireem 1&f &Fq%ures 3B-

port 111 that only contains one or nore apertures 11

3C angk fe dhius redusing)thst eesteaarnsLippoptexity ®f e subsisateysuppori $10. As

. in FiLqu hat. intersegt the substrate
ciso gt Mol fitant T bPECEGH L AFuBi0R 1B Buer gurtace wi
of theERUMETEROVS € Bsatahe sUBEaTeW tan berdtiphbfet Ry moved aBheeded
110C (Figures 3B and 4), features of the recess 110B

by thergrgatien 2§ a pspdprainask Haweckler t ures 113 (Fi gures 3B-
3C and_4), thus reducing the cost and conplexity of
[0066]ne sigtneat dlustrpiasy @ patital igemdirecsagion \Wewve,a phg 111 formed

. i nl luid flow is.orli d at,,an angle a to the

in e sEboloths Subb@ bidtice 308 ef apB" PR ce bk 110, i one

embé&diasdrtate PYoaam Peoftammo At pl@ramfl dTRgtares needgfld by plurality of
the creation of a predom nant flow vector. &1%066]

exhagshapertyras [ {13 tthak pasitioned in & receset Y4B ogethe swbsirates support

r 1.f 0.t bs t o]
surdtbo 1R 4, b1 kR Y St 13403 18! 3y chheibLor ancior
exhaube gperturdsl I 18onari edp ainptaasal tHey coliplnerdf Uuide ddiRedsd! to the
ity of exh t ap?rtures 113 t hat gh?siti oned

SubS?rﬁPelaB§ zééwﬂﬂbbaaautﬁk\% helh &g raproveihggrantioh of de maygment of

the sBbstrie substrate support 110. The array of apertures
112 and/ or exhaust apertures 113 can hel p increase the

cosfioue! Solyf sl VEREH LI RLPRLESLE, Mo Yibguros 112
are ariznéeceah afglé beretathvet toathe. sUiGTd VAanshioas ekhalstgipertures 113
orienige %y ABEcR IR AgIce 126 (PAIPe WY Ot REVEUBSISUbb ol W to be
supeBalBSsSIRY haBh TEkdes THRSI0E] 00 ALYl oy
110G of the recess 110B relative to the lower surface W, of the substrate W can be
adjusted to provide the most effective control of the substrate. In one embodiment,
the distance from the lower surface 110C and the substrate support surface 110A is
between about 10 pm and about 1000 ym. In one embodiment, the port 111 a
rectangular in shape and have an outside length and width dimension that is greater

than about 10 mm, and preferably between about 10 mm and about 50 mm.

[0068] In one embodiment, the inlet flow B; properties delivered by one or more
of the apertures 112 is controlled to control how the substrate W is supported,

positioned and/or rotated. In one embodiment, the flow characteristics (e.g.,
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supported, positioned and/or rotated. The distance and
shape of the I ower surface 110C of the recess 110B
WO 2d0a094285 t 0 t he | ower surface WL of the substPEL/ESINN9/030996
can be adjusted to provide the nost effective control
of the substrate. In one enbodi nent, the distance from
the I ower surface 110C and the substrate support
surface 110A is between about 10 mm and about 1000 mm
In one enbodinent, the port 111 a rectangul ar in shape )
presgHEe, Waleityhobiiednigé flowr s camiolactph uae ﬁgﬂsq epmpagentsdound in

e AN B0 10 BBt PSLECALNY AR 8em 10

mayi auinédin fal ftwid Bbpraeptd3, izefiuideohtreliing deyicents hranuoare opfional control
t apertures 112 .is controlled to control how t he

vaivg, |Gt Aa M Rontiipe Blibes obih b Mutsedian sprirglerbcare generally

ecal BRI 1 UGB B ory 11 by vso

compwmdssieing froby thessy stémtdomtriodepd2@nirs ohe embadimeht & contdol valve
del,i very systgem,130. As shown iin,Figure 4 the fluid

132 g deget g M eoptrellipacdiice (194 7 Panbedisd o eaphapegture 112

in thElpard1 £086 tigdtlthe Bysevh esntisifer, 128 shraidRdda) &one@ntHeihiet flow
val ve 132. The fluid controlling devices, such as nass

B; delivetpd ey eagheaperturee! lFealany limedinaeibetpyoeestingisequence. In

one BRI 20 A 5 RASEGeA, EBE B3Pl 110

the port ome senthatines\istera comnitolier 12alcea iddidicriaty abntrekibie outlet flow
one fluid controlling device 131 is connected to each
Bo ahpey tineedyring the PIOSeping sppvesset aonerrmigdimant, the outlet flow
. i ndis\i e i | QWi
o RFREL AL oS N AES) 8, SIPUERL el btod tionco
and/bheofated dss icogtreking etheeflownthooegte the dome rdr, meore ooft thid exhaust
al v %34 is connected to each exhaust aperture 113 in
aper{%‘ésga t 111 so that the systemcontroller 120 can

i ndividually control the outlet flow BO at any tine )
[0069Q§ur i nd gy %"M%@é‘s'ﬁﬁ@%’éhlﬁ'@ﬂ’c@f. a|sybgHatefwRRATHd AP, thahgontains
: t;itl o QP i r RL.E: 0 I :
eiohf BolE (Lo BOR? ST I T fald Vel bR g aRhf1E s orionted
apertureatid@® bydoorexhauki agettheesf fl 68vthar arslusetddooingpast motion to a

e, of the exhgust ertures. 113. [0069] Figure 5A s
subsffRNe ket R Qo) Thp o HASETBOBERA.. fecSidaR 1 Fidure SA,
the fT886AINEMt Bb@NediishS, M,; R, aPV] forkhdAoksHHA tHHAIC, 111E, and

have various features, such as oriented apertures 112
111Gngspeciiveha e afapted e navesa suhstraiecinugitierttbe idrparn-directions

| on . r at 0 r. clarit t i S
oy oo BctyRaTReIdH ad dRRST HobRlinfd e ¢adh, g The' ors.  For
exanfsledpsit nani itlaapvat iorvEithe stibstraté2in nN-diredtioh Byh@elivering
. ports 111A, 111C, 111E, and i
fluid in the predominant flow vector X, port 111C is adapted to move the substrate
in a +Y-direction by delivering fluid in the predominant flow vector Y4, port 111E is
adapted to move the substrate in a -X-direction by delivering fluid in the predominant
flow vector Xz, and port 111G is adapted to move the substrate in a -Y-direction by
delivering fluid in the predominant flow vector Y,. In one embodiment, as shown in
Figure 5A, the predominant flow direction vectors for ports 111A, 111C, 111E, and
111G each pass though a common point “C”, such as substantially the center of the
substrate support 110, thus allowing the substrate to be positioned in the X and Y-
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111G respectively, are adapted to nove a substrate in
either the X or Y-directions by delivery of a fluid
wao booongf273 he features contained in each of theP@DUSHNI030996
For exanple, port 111A is adapted to nove the
substrate in a +X-direction by delivering fluid in the
predom nant flow vector X1, port 111C is adapted to
nove the substrate in a +Y-direction by delivering
. fluid in the predom nant flow vector Yi, port 111E is
direc{ipRstEtN QU teRAIRI {h ECtatgpbersubstiale- a - X- direction by
delivering fluid in the predom nant flow vector X2, _
[007@hd pdpt ona rkobedineabt B¢ PerteolEIB.hé18bdtidht @ndn141H contain
= Yz dj ' ljyver.i idin_: nr ' t
foatrfs hEE AL, 8oty KNl SRubbtiats "l RS ERAR o counter-

clockwisetdiregiivaddus e orientadionesit ihenfeatdesrcontaine®an teach of the
111A, 111C,_ 111E, and 111G each pass though a conmon
port,gredting the Targe yegtors ssanshBi.deppestively: it iBis eanfigheation each of

the @%ﬂ@%tﬁﬁb? 151Hg)?i‘31[]1t1F1é£§1 WH’H@,‘I&J&‘A‘ &%dbﬂﬁn%ﬁﬁbﬁdw %}n%g?igré that is

osi tione th and rections wthout ten
normad to thatadinhef hebatshne. Thérédirel to canesectiecmibsate ta togate in a

cloolifige Jipsfliah tie cpbirah eteysnudd SEuen i T i fapeges n the ports
1118 hRgKWI1FE afl t? @?Hg@FhékﬁﬁﬁMté §o %t,‘é?é:{gi =Y Eoﬁ'h‘l%r-%ﬂ)fck?ﬁsee direction

orientatiron o eat_ur es cont al ne in each o
the ganttad systemi P weelld sledeer Hgidotos the2 femidreRlin the ports 111D and

respectively. .ln_this confiqguratjon.each o e ports, .
111 STRRE S Y i ah S SRR 13 18 BnoLit s Bopretiominant
flow Wiireefidm Aatt BGés ndt PABSBhrdught the Eastbb of Yravitieof the substrate, a

substrate. Therefore, to cause the substrate to rotate

rotatjanah companans @ndi 2 deanshafianaé copmansint syillthaih deulimparted to the
subsﬁir%h&%zvqg\ﬁgéf&é% tbooﬁtgl?l éﬁﬁglgtq’?)gatt@n%ahﬁwcﬂ%wﬁmelm oafntﬂe forces in

0’cause the 'su orotate in a
the Xalirection cdrat Madlisectidnr by tthenpdtie needttbobqgsalst&n Wille leaving a

woul d deliver fluid to the features in the ports 111D
torqugsgreqted by i,amplicafien of ﬁ‘t}P_Ff@ Ard dRbAIGE TEIPrseteltd gty of the
substrhte® POF éx%éle{??@feﬁirﬁ REPIHUAABA ff'éifb‘ﬂsm u ﬁ?%hg}[‘l 1:1Egéach deliver

does not pas hrough” t he “center gravi
a forcebyectat 31 in roppasite difectionp mateat distatica ‘td’ aneinathieoahter of a

0 nent w.ll, bo be inparted to {he substrate.
subsGRE 35 Padtitydeefhe SopRErIPckyish AU FHRIPANG; e substrate
woul@Wwe @fquaho faoteD(RD ot B Xadb! @fiideOthe2BEntEr bl et s@strate will
by the ports need to equal zero, while |l eaving a

genergiygmeve relativel toyihe W%pgﬂi\ra:ﬁam@aﬁmar: antlgptagional gorrections will
' [ f o .
neoctlohengsid b7 e el BloRY o 6t BASHEBryER romains

in a desliddeaitntatedri aed/oppdsitior irv 8l procBsihg chap®er ifelesired.
directions at a distance "d" fromthe center of a

[00713UbSt Itonet BRbFERREARUGE Showhen FaYMee5AC Ak VWiSBie ports 111A-
torque applied to the substrate
111H are oriented so that the predominant flow direction is towards the edge of the
substrate. In orienting the predominant flow direction towards the edge of the
substrate, generally, the radial component of the predominant flow direction can be
equal to zero (i.e., perpendicular to the radius) or directed away from the center of
the substrate when it is generally centered over the substrate support. It has been
found that by orienting the predominant flow direction towards the edge of the

substrate, or away from the center of the substrate, helps to reduce the interaction
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woul d be equal to about 2(Rl1 x d). Also, since the
center of the substrate will generally nove relative
WO eoobler2pdrts active transl ational and rotati oPel/US2009/030996
corrections will need to be made by the system
controller 120 to assure that the substrate remains in
a desired orientation and/or position in the
processi ng chanber if desired. [0071] In one
enbodi nent, as shown in Fi gure 5A, each of the ports

betwpenadiaqarti parts €3ySa B the,Overiapring figwe isiiveast by pagh port. In
one BhibReirheRt, itSs td%‘é’f?%lglé th I%?agf%‘iﬁe Hoshidh of URFIdR ?’85 E{iﬂ reduce the

orienting the om nant direct] ontona
interadiim bétvicen mmst rate, generally, the radial conponent
of the predom nant flow direction can be equal to zero

[007%] . e. Aspeyhp&mﬂilrc (Higuiret 6AL hthier agbhsiste Osrupijdrledﬂeda&‘aayontalns a
fro e center of the substrate when it is generall
Plur%'é\hg{e%fdo‘ﬁ\?érwt'ﬂ?@t §Cﬁ)§§?‘5ﬂ%C§WHB6§'Q” with thg sepsig ﬁﬁﬂﬁ‘&pw 123
com{)@ﬁént@y(lﬂ iRt '1n%nPhQ?]%egefﬂ/élgnéeﬁéeo%g' %fld)l’?nof a substrate
owar ds edge o e substr or awa romthe
posﬂarmetcbovejﬁhe rwbstubm $lﬂIFE),rT htd preottshomednddaguiee5A) so that the flows

I by erﬁﬁj&ﬂ ﬁt vveega qaﬁg(?(ggo Egﬁvt glgéﬁ(?r? b(%lslqlo(gln%nd/or rotate the
subsﬂ@@@hﬁﬁﬁtprobésdlﬁg e 3hé %%@eésihgf&ﬁ&ﬁbeF R®1POf bh&ErModiment,

adj acent “ports to reduce the interaction between
the fisay pbara{o@mml}:sAe Ghomssure, Megmtg) gam eaeh ofihe patte 111A-111G

10.al t t
are SRRl uRRR GONSE. O Ba iaroRoidnts Janb np S 4T peivery
systerd I 0VARRASEES abbV)UrRbtht St )cohfroBéit 1(E! it haeseentfBand that
position of a substrate positioned over the substrate

the sylispigie camobe rrasily Heldted Horsrpads 5¢QV%dOf3ﬂamorm it popesitional
accuﬁécs)%fplggé ity %&)L}t Olégnr%anlnbcﬁ) agﬂn Bﬁ‘rqe t %ul:ysg a¥e |s rotated at

fon and/of ro ate esu
a sppsd bebsdaryg about hepmrmu;abou’gB@(bmrmﬁr 'I]erlrotail(bn epeed may be or

inment, the flow characteristics ressure
adiugjay &garw)on% 8rmele wdhetmecepﬁqgsstfpﬁppqﬁmcg & the substrate in
the H?ﬁ&%}s@ﬁf{;%?rgﬁg 101 | &dr BYaliDfe, Hhdi e C&%@gﬁﬂg%hfa |s an low

del i very system’130 (discuss bove
pressure GYEX ehamobet thed lsebsttae. mby beasotbbsshaf au:sidwehaspeededunng a

sow XD SOSN8 A B3R R L5 A0 raster

C\/Dragpogn,ogrrgteegf@gdl nment, the substrate is rotated at a
speed between about 1 rpm and about 3000 rpm The

ot at i {
[007:{])f t F%ré%‘i’s HRYsiRefic \ﬂg*vuﬁf & ugéltrrétﬁgslgﬂb%rloﬁ 10"M& contains

he processi ng steps performed on the trate in
multiplee pprteciéssi W&H&iﬁ‘é‘eiﬁ]ﬁ)) that Foaveeapeplegs i@nthatheare used to

onanBh BB R est IR S S A SRR hion 0
substrate (not shown for clarity) that is positioned thereon. In general, each port
may be in any desired orientation, such as the configurations illustrated in Figures
6A-8 that are discussed below. In one embodiment, as shown in Figure 5B, a single
aperture 112 is adapted to provide a fluid to the surface of the substrate in an
orientation that is set by the orientation of the slanted aperture. Apertures 112 may
have a diameter of between about 0.001 inches (0.025mm) and about 0.063 inches
(1.6 mm), preferably between about 0.001 inches and about 0.032 inches. The

apertures may be slanted in relation to the top surface of substrate support 110 at
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sl ow CVD deposition rate step and then rotated at a
faster speed during a faster CVD deposition rate step.

WO 0®98%42F gure 5B is an isonetric view of a suPSL/D81089/030996
support 110 that contains nultiple ports (i.e., ports
111A-1 11F) that have apertures 112 that are used to
channel the fluid delivered fromthe fluid delivery
system 130 and inpart notion to a substrate (not shovvn

for clarity) that o|srwﬁos|t|onedthereon In gen .
an aggienbealyraemaliowel G ranghaberlsB0e preferably Retween §Q@Ht a@ °and 60°.

Whll'éhsffx Bﬂg'aqg o%tpbé??a ||1.1 lﬁf@érﬁ,:ﬁ%}oﬂurﬁbgt‘ Bngéfﬁgahﬂfetﬁ needed to

are |scusse one di men
provi%iegtm&tlcﬁﬁl canohgl theapardirate |slﬂ:8nle$nﬁuw|dt elth tbrme ehibadiraent, an

to the surface of the s trate in
'SOlaé'PPefyﬁaé'ﬂreoﬂWQatWh'%h derdigussed Belash; I MsAdofo pravent the fluid

| 1
deh\%é?&‘mé e;Sér%H %ro ﬁ%ékﬁggﬁ? o\?«% gﬁm)% riﬁé‘epr%cgbﬁﬂgf rgefgédﬁ of the

out 0.0 i nc and about
procieasjhgscr(amberemrrr) Itps@‘e@eaétilyydbs!tam«moaﬂmmmmmpons near the

middif GG TR LS e anP oSSt ed o, eabamt® 8143 fiukpleaving the
apefﬁPr@@qrﬂz fickA nidiaRg aRANEY Pﬁé‘fﬁ@ﬁrcﬁfé@gﬁw\%h]r@?@hﬁ@@ﬁ%ur%m In one

preferably between about 30 and e Six ports
exaraple, wepre asiOmimpeguicendB;toasyb i@ és b@lngspronessed the ports are

posiQ 5t BEGRPEREER AEaPL LA B LB Bl st hESubste
supposol #3.i on feature 1110, which is discussed below, is
used to prevent the fluid delivered by the ports from

[0074BKi NEFihlhes WA -BOt (brbh%cﬁé%ﬁés'p% rReWaN 114t |ﬂ19strate different
processing chanber 101 . It is generally desirable to

embpd@ﬁent@mftthe pihrstrate saippotel ‘rﬁ’ diokkteeath thaweradlifiereot number of

portg 351 MEC pirEbSal PeGFRY o0 rBRRT G Ris e s Rigly® 6 grustrates a

substrae @Upp@ﬁSﬁrw giefaoto ¥ ohki ghoven I FigureOn, tednidntains eight
where a 300mm sem conductor_ substrate 1s being

portsy} btmmver?epr@@pﬁynamtél%éurwmwaba %@ﬂeamu@n% grections
t f t
o oo bdTRO BRI Mo of A MHRl] RiShgusy trercon.

Figuxa éfdsillusiadtes|d Bﬂbstiﬂate sigpcet ¢nod tbabhdsrfeut poab thlaEare used to
substr te a differe

sup 10 that each. haye
pred QiR o IR Ce1SUbRIRlg ARAPGRAN e SWiSFAS s XY plane by
use bPIRL BrediophiRaht ﬁ’é\ﬁ veEthErE?)d 6B\, |E§>{%Sér{oaB$§ @@H@%G FBtrates a
support 110, simlar to the one own I n Figure 5A
substrate supperailn® thiahhesgbreespens thataarehused o preduminaatly support
on t d in various direct

and S bR G R Ir < YobEE o 67 81 PerdBanb g vectors
Bs;, BybShtagg. b5 SRME e aR-would appreciate that the substrate support

110 shown in Figure 6C is able to perform the same positioning functions as the
substrate supports shown in Figure 6A and 6B when the positioning process
performed by the system controller 120 is able to take into account the
characteristics of predominant flow vector (e.g., magnitude and direction) created by
the fluid delivered from each port (i.e., ports 111A-111C). In one embodiment, the
predominant flow vectors Bz, and Bss are symmetrically oriented at an angle a, from
the predominant flow vector Bs;. It should be noted that Figures 5A, 6A-6C, 7A-7C
and 8 all generally illustrate the component of the predominant flow vector that is
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Figure 6B illustrates a substrate support 110 that has
four ports that are used to predom nantly support the
waaimshyare and position the substrate in the XedT/phkmng030996

by use of the predom nant flow vectors Bx 1, Bg-i, BX2
and BY2. Figure 6Cillustrates a substrate support 110
that has three ports that are used to predom nantly

support and position the substrate in the X-Y pI ane by

of the redonz nant flow vectors B3 1,

paraﬁégto Beswikaqe ¥ tFigynes 3BBLha0H &)wp.aelelaa@éh@h@t p@n@@el to the
surfasééb?\f rﬁ#]ss P‘gﬁ%é 5AL@AS66 W2 ALFC FraL8 €050t ?ho‘%)h’?e E8mponent of
perftor e

positioning functions as
the pmbelmrmm flouwpyeEmtosthah emrdsi to @lp@onahééubstﬂa@azmmafcttoheshown in

. posj i ni ng.process perforned by the systemcontroller
Figubs 30 SR st JoRaRES Ao SBEE G CURBORA Sl it Pegdaginant flow
vec’t@rf thit @5l gatNRNM o fHOVUYASE W, (segegweraﬁW%H dgs&d b position and/or

direction) created by the fluid delivered from each
rotatgdhe gubstrate, phick id geaeallyidiscussedoinecanjvadiomewith thése figures
redom nant flow vectors B32 and B33 are symmetrically

belo fiented at an angle Ch fromthe predorri nant fI ow
ed t hat ure

[007%];Ct 0 ngg ﬁ(ge‘;}%alglogqlllgwggﬁgf '&Jq grelapqrd ? ’pons within the
subs@r‘é‘i@gﬁﬁéﬁn fHe fmbee BFé?,‘i’éQéTlHéaéﬁntfdl %Wt%eﬁfo%n{elﬁﬁbf the ﬁubstrate it is

i spar al | to the surface WL (Figures 3B-3D
also aggrlcaaky tdleatrable isareducs the rturm@ruof @oetsvtu redl'mms the cost and

comilefih B4 sBoTA%ita AERm by ol datneb edick: e carmguptyof fuid

usedS thet ippoutb pbsitibRingZariti/6 e&tAth @hﬂ%db@trﬁté; urnecé’s@s where
for clarity reasons and since the conponent of the

the RiP@%bﬂ'ﬁ@tpqﬁ%We@elﬁttbﬁ Rragessirg phambee 0f dhahis sensitive to the
lnjecﬁb'r[nf ?‘f’lﬁld tci gneigﬁlrb%regéhpr gpg}n mﬁl giﬁsgret 9 RS d%%%ble to minimize

e supns |sgnera

the fldmsoﬂﬁmdesled ﬂmmoumpbéllmlbnva%rt*?lt I‘dﬁ@tehth'eg;ul?e&atwl PVbne ﬁxample
[ 007 Wiile it generally follows that the greater the . )
du”%ﬁbi‘lwof?fe&éw"s emical VAROK fAsPosios Eue¥PY) Prasessy avhich is

dlscd%rs%e'b%f? Whe |§‘€i@§fr€l}>lqu Fe@ﬁc N@'T@tréi ggg ffoWHéH‘Péﬁ ‘?ttr?e > ports to

It I's also genera eS|ra l'e to réduce the nunbe
less Pt sbowt % sthukard lerstmrn (@ird). c tmphexernpodifmenitethe total gas flow

sybstrate su ort sserrb and red e .t he anpunt
from 4l 3 Wi S S B TRSEREbDHp B e BN Sraitlg. and or
rotation of _the s bst r at In cases where the process
[0078)ei ng P e /MedCil U%‘Fﬂieﬁffé%r@%leﬂbbm%@rdlﬂ?f syhstrate support
110 $HaPAAYE JRir R rshe 1 lWa?SFé 08ed®io Lbpp guoh% otate a substrate
processing region 104 (Figure 1')’ |t esira
that g miositioeeththefréaw oFlg‘urm EAudiesItrasteppar£ubq®nca$etsmpoahd10 that

cont o kL U, AR B S etoShen ST BBt el b e
+X, Wi € h8d -Y directions to control the support, position and rotation of a
substrate disposed thereon. In this configuration, as compared to Figure 6B where
the predominant flow directions were through the center of the substrate suppon, a
rotational torque will be applied to the substrate due to the offset distance of the
predominant flow force vectors delivered by each port 111 from the center of a
substrate generally positioned over the center of the substrate support 110. A
counter-clockwise torque can be applied to a substrate by use of the ports 111A

and/or 111C due to the application of a force created by the predominant flow
22



di scussed below, it is desirable to reduce the total
gas flow fromall of the ports to | ess than about 5
wer@atends liters/mn (slm. In one enbodi ment, PETIES2009/030996

total gas flow fromall of the ports is kept between
about 3 sImand about 5 slm [0076] Figures 7A-7C
illustrate different enbodi nents of the substrate

support 110 that have four ports 111 that are used to

ort, position and rotate a substrate that is

VeCtQtﬁslgtﬂajWb xeteH ér distanceilfpand Pa respestivedy-e4 CéP@‘MB%Q tergee can be
appl? 05 Eul}&?at%rﬂ)gtu O&ttﬁ rb%rl]‘lfs?ﬁHBogﬁ(ﬁ/%r]r]rJr ﬁ%eapi&canon of

pre om nan |rec I'S orlen

a forcé cre¥texhy -tie pire@erhinams flow ¢anbdrsoBy{ hﬁdSBl,@pﬂré distance D3 and
position and rotation of a substrate di sposed thereon.

D, {aspefiieivort shalat o Rotess thad fha syatars coriele” 6ROWHLMRE able to
caudd'® BF@g?ﬂ%ﬁ@WtdlLé&Wn%é\%ﬁé@ﬂ? G Erot At PiAd H}&Bﬂ of a substrate

cen he substrate supp a rotatliona
by causihg biee apm ofettiettorquies ts Leelqsﬂar&tre dhehtio relatedfd §(Bt<1 X Dg) + (B

i St anc edo ant flow force vectors
XD@éPWéA bgatﬂ-:g fﬂ”?‘(ﬁ’?ﬂﬁ-‘?rﬁ’e center of a
strate generall p05|t| oned over the center of th

10072 bt 1Dt AR TG e CERRRIBADS OF Rup Gasttale Pl 10 that
hav@?%ﬁppbhgq(l:iép afe RS R ?e Mﬁﬁtlgf Lgolf)%rtp dsti o%léﬁ? rotate the
at e

due to the lcatl o rce cre
subdisate. he'l?lg;lrredZBnllman’atefsl a)wbsﬂraﬂess@plonahﬁ) Bha? hais faur ports that are

nce D2 a respecti vel A cl ockwi se tor
used 45 BRCRBPRRIN SHPRORy BosTiaheaty 1EBECR SHRSIEE L6 g1 glgckwise
onerﬂaﬂér@r AldibBwise r‘b@atHFm%l ARRIohCRIl ARa9b 5’3 |E‘g££g&gﬁ%§§ubstrate

e predom nant flow vectors Bgi
by tlw apameélomofaﬁhe fIZ»w from oespecmiove lof the postla o1u1| lddbe to the torque

hat t control | e 120
creafil B4 hehrasisal B Gl & i pellenbertf. &R pne same
clockwibat tovad diﬂ?édtl@ﬂ) fréf Qhéu&ﬁﬁtéﬁtcﬂ ?ww@ueﬂ g shbgtréwngenerany
of the torques to equal zero, which is related to

positigrsd 0‘5@@2? cenfemed the Bdbs}ffai@ﬁUEPW(lBYl x D3) + (BY2 x
D1) equaling zero. [0077] Figures 7B-7C illustrate
[0078Inbodihigures’ Gfillustratdss a rsabetrat@pepmnonllm thedthasadeer pods that are
at. are used to predom n port 03|t Ion

use 3 BreRtindfy $30oh o sHeRT o Hghtd 1L Kkt 3h ' & “Bounter-

clocletibs lorieheatRRP PP EbuAhe cldtrvidtamotatidHal Wﬂo‘h Wwinadlway#€ be imparted
used to predom nantly sup gort 05|t| on and rotate a

on thagidhstrate by the applivationse tae flewt fsemame ar @p&@wfseeports 111 due
to th'éqg?cf ?lZelab%@%)k(}HeﬁﬁpHi%@i% ?logﬁgingaﬁ oPn&tﬂg belnlg offset in

the samie cofintehelopkwise tbidualdieedtiont fremtibe qyeaterrcﬁ@*re@itybgf 4 babstrate
om nant flow direction of the ports being offset

d
genqrﬁl? Resitanrd evedkgiceptersridhe syppiaie BPPoronint §ihes embgdiment,
shoviH indEigUidsy7957 CRa HURST rSaBoRENRERAA ¥ either the clockwise or counter-

clockwise directions, respectively, will be created by the system controller 120 when
the sum of the forces in the X and Y directions imparted by the flow of fluid from the

ports 111A-111D all equal to zero.

[0079] Figure 8 illustrates one embodiment of a substrate support 110 that have
three ports 111 that are used to support, position and rotate a substrate that is

positioned thereon. Figure 8 illustrates a substrate support 110 that contains three
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posi tioned over the center of the substrate support.
[0078] Figure 7C illustrates a substrate support 110

wao bav/odass f our ports that are used to predom neEL/UF2009/030996
support, position and rotate a substrate in a counter
cl ockwi se orientation. A counter-clockw se rotational
notion will always be inparted on the substrate by the
application of the flow fromone or nore of the ports

111 du the torque created by the predoninant. flo
portg 1l 365180#@ H@V&on%f%@Pﬁat HpMs Sireptipn jeal sypriented in three
dlffe?@anHﬁéctfdr%CW terrtHé‘GSLﬂiéf(ﬁf B@Qtlcﬁﬁ O4Rd h&tiBAt Sf aP substrate

gravity of a substrate ge posi tioned over
disposed therednt heoselexampiee(ssedpgute 8), in thls; henfiguratio, m1¢ompared

to FRFRBE Pheredisiradtnma (B vastols ek hoa and ects g Brough the
centb?%Pﬂfé sisdtdate %bbo@ea ¢6RAbRA tBVqJé‘@aﬁﬁ%bﬁé@l @&Mé slibSFate due
120 when the sum of the forces in the

to thei @fé%etuﬁﬁbeummmmnbv}low@reqt@w off p@ﬂl&‘uﬂdﬂ Araml i h&B due to their

s 4 Mo R T oAb A R PRSI AHI Bggenr o

the dumtrabaveppdit @ €0 pAr ¢suntddclbbiavisanerqueeshri 9e appR&d to a substrate
position and rotate a substrate that is positioned

by wsferddothe moglsr 18Bi duasta dbesapplicglienr at @ Jorssocteated by the
t = 1

preckfifpoNba, Vel BEPSL 1 it 0Lt Rlier, gf g, substate

positioridceoest thdideatdri afrise tsabstoatersalppokteSS uand clock iz torque can be

and rotation of a subst ate di s d thereon. ] n one
appligds ity pesiksliateiby pee ?rPCtrhﬂéqg‘oﬁ‘f'? dart Ei %qphcggon "of a force

crea?éHTB?rtﬁ@ Qdd:m%h?ﬂ@@ \‘/\Qﬁél% Bl€aiPs HEGEhEA, frbAhe center of a
oA ;

vectors 2, and B33 were throu the center o
substiae pomsonaﬂ evsmtﬂ)pmmtera)frtbe astibsinate suppgoue'Séan appl i ed
to the substrate due to the offset of the predom nant
[0080]! ow dVhite Figure o ilpstragesl d@dé\ airtbe Ioké8omhiraant dlowhdirections being
et d| stance fromthe center of a étﬁstra
f

Co'n@feﬁ'atr‘éun o eenter ohdee svbstrAtResUPRRtle APEhYH eaEAY (the center of
the SUBRALd, tAsGkorfgGRHIBNSE ridt RREHHSE 16 %quﬁmgg;astb% @%gédo%% of the

to a substrate by use of the ports 1
mvempm tesaribed hﬁrem f \Bhile Fgemseah6¢ ljlhetr@eammm tir@rhteaf:hdmve the

d
compeiieaty o 1, Bla@ringh B0, SarsbBahebie HobrleLtnd plane that is

paraBélPESrthe” Substad ShiPsdeV\ye pIUBrtdR e cahd®dhdift &C”, this
substrate by use of the port 111A due to the

Conflﬁpfﬁtlo@alsl mﬁ intendeco ta mdlr tagt sepnsy of e piardienndescribegvherein,
sincé S‘)g\teoé @ a{he oﬂ S&raﬁ%? ?reéér?l a%'i‘?p%f@ rS[:’tl(%{st § atag from a

one over cen er 0]
comsiopppoint vﬁthouft OF R4 inghiblee bEs:gquchomléfuﬂier desynoneHGwever, in

confltgnsat%rngdvehne]rg%% Ct)hw%vgnglntr gfc tthleop?rsedgr%llr?gnt flow direction parallel to the
substrate surface W, do not pass through a single common point the positioning
control algorithm applied by the system controller 120 would generally become more
complex due to the need to account for the torque vectors and/or imbalance of
forces created. Also, in one embodiment, the predominant flow vectors Bs, and Bas
may not be symmetrically oriented about the predominant flow vector B3, (i.e., angle
C+ does not equal angle C,) as shown in Figure 8. In one embodiment, the common
point “C” is the projection of an axis passing through the center of the substrate
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coincident wwth the center of the substrate support,
and thus generally the center of the substrate, this
weoeomwbiogerati on is not intended to be limting BST/US20091€30996
scope of the invention described herein. Wile Figures
6A-6C illustrate ports that each have the conmponent of
the predom nant flow direction that is projected on a
pl ane that is paraIIeI to the substrate surface W
ass through a C', this configuration is
SUPRgt op ﬁ't‘%ﬁk?é‘@ that lslﬁﬁr?”Q'ﬁ% t@%é%@tbﬁtetSHéaP%\V\ém i on
descri bed herein, since one could align the one or
[008thr e prigtiEmPAdsifatesvaniisepelrisnrartiakbsedtiopiew @b mpert assembly

j f
000 s eaiOH 45 1 4 A o RBBL BrSleh oot o
subsifaté Ve byredoo aHoid déliverat] freet & Anidpsgats aBot an tdﬂ\@ embodiment,
substrate surface W. do not pass through a si nq
as shgWidh Ffiginet A nBeRet {1 bis fRymesken 8l compritant Ykt dppl iscepparate
ronb ABSSKRp e 0981 45! 52D U LRI Y, HEPETBstote s

145 \byctioe ©f amd Actuatorbad senatey cﬁGO‘.othhessmmmneecpIatAI 5 may a be an
32 and

nbodi t he edonm nant fl ow vectors
elecOHig}c Eeasy‘ﬂ%nlf% ﬁsgbawt@n@ eSkbBl e PP block having a
subd@fa@é’%ﬁbﬁéﬂhgféﬁ’f’éc\é%b%aﬁ;%elusgéd fos 8@6% § <ubsHa&S d0Abg one or

equal angle™C2) as shown in Figure In one
mor@mbdiab mshstratemfoceasmg spmmperf@’me¢ in tee pragjessingochashber 101.
an a aSSIn e.center, o .
The 21 @4bb BEE3EP 260, MtccoimBine &b atulor iitay sush 5 2 jpeumatic

cylindebsto@t %ewwﬁ@x@e Whd [l@wllscr@mguro@ Ynildrl Usdvicd, esfvrﬁéh is in
i sonmetric Fal‘tl al section view of a port assembly

compriyicationt it theasygem gantraligat! 2D§Od§b§hlécﬂ>0§6'0§dbsmﬂ assembly

900 %glﬁ' édb%rtlr %lgflvé ?&{) HE sﬁbgﬁlgt%t 5%59 rWtféne i I%]b%l Jg ré‘h l‘Bho‘la\ses of

vere ron1 ui d sour ce
the @ubssiatovprocessi prfambl int the Wétralébr@ée@‘sﬂfgreﬁambea1o1 It has

nt 941 that is separate froma substrate
beem%])rﬁﬂ@%t Sithpr ang %P%B"ﬁoﬁ%h?\épatqr\/@”l% <¥¢me§iﬁt§mtd?ast 0.125
lnché’é 539 Hﬂﬂ@ BY tHS § ot a%@ﬁ&%d’fhzﬂ%“@%ac@@4 that has a

strat plate 145 may a“be an electrostatic chuc
diarnetbetve)ﬁtatoiaﬂsts@bgﬁr acbebed.2rmnu);,  @arsibepluset| tn:l«accurately and
' surface that, can

substrate, suppqartin ed
repep bl Sudpdr 3 LB URIS PES e A SEn G b A disp o gs TSt flow B

presSiesdfrapsigpr ocessing steps performed in the processing

chanber 101 . The actuator assenbly 960 may contain an

[008HC! UAlG, ur%§]98 QF)(L;%% &osé s@@ﬁmt\hé‘w§lﬂ LRSS e%odlrﬂents of the

servonn or and screw, or simlar device
port easemhiyud0e dhatorarmbe hugdtetos gepeor, quoditiarn hed/ot 20tdte a substrate

posil o Pl b s 8 hlee B hsh e 95 B AR Bhpportre
112 ﬂﬁ@%ﬁé‘vi@és an inlet flow that is perpendicular to the lower surface W, of the
substrate W to primarily support the weight F,, of the substrate. Figure 9B illustrates
one embodiment of a port assembly 900 that has an aperture 112 that provides an
inlet flow B; that is at an angle relative to the lower surface W, of the substrate W to
support and move the substrate W. Figure 9C illustrates one embodiment of a port
assembly 900 that has an aperture 112B that provide an inlet flow Bj; that is
perpendicular to the lower surface W, of the substrate W to primarily support the

substrate, and an inlet flow B, from port 112C that is at an angle relative to the lower
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the substrate process perforned in the substrate

processi ng chanber 101 . It has been found that either
wa@apooaperrure 112 having an inner diameter of apCT/E8819/030996

0. 125 inches (3.2 nm, or the port assenbly 900 that

has a top surface 942 that has a dianmeter of at |east

0.125 inches (3.2 nmm), can be used to accurately and

repeat ably support a substrate positioned thereon

‘gga%nitrog g{gs inlet flow B, pressure of 5 ig.
Surchtﬁ) 101 fthey sHBStraig Wro supPer sasl mere thmaybsiratedV of he size of the

apeﬁ’%bovgzﬁﬁ‘%@' EER e %(i Jslﬂe'ed RS rg?ﬁéeﬂ@l Yol LAMuRE M support

to support, 5% on rotate a substrate
and/po sidvieomed cbfhbeesmbstrﬁteguFengé\QD illustratesesneaepiodiment of a port

s oS A DS o B APl o

angrmera‘twtehe theReWEAEETYEd QVPHT TR bliystaHOROTh dupporeitinove the
Fw of the substrate. Figure 9B illustrates one

substrgbedV.ment of a port assenmbly 900 that has an aperture
112 that provides an inlet flow Blthat is at an angle
[0083kl at ilmeohe embodoment, sas fshoeviWin ofiguhes SOds taralt 4 0B/ tihe port

t d th t W Fi 9C .
sl H004B diarbRbs dhecirbly 1BbS #aids Lia8 dedergve s stiate (not
shoWiRSfoRNcIaRgs el &14dhdthadot pérﬂ%{/rgeﬂ?é? Isnlp%Ertlph@M’ &]{%lde of the

that is perpendicular to the |ovwer surface

procesmeg rregen 04 endlesmd by tbeppm t)r tnrrrveswbtkt r19f2eof tinedpmessmg
10 I B12 fro port 11 IS an I

charpers 100 Mgl i ofhrlis abfsue 3 ¢ rafisdls Ff B, sypported

positfeHEPAhd/BR EotAR MDY lise sEthe perL1 W ofR@ichit eh@ okt semblies 900
apertures 112B-1 12C can be adjusted to provide the

contaiesrrie dhe rebsiratefifisagsesrly 4R8P orTheoieassamidy 1t0|ﬁ>8 may generally
contaild % E)Bﬂte? el'r:ﬁtgg 6@‘38@3 tdlz%]tgs‘rd’(ﬂt 89 & eacﬁﬂ‘%@)g'ﬂ(r)ﬁg:thg{ afe adapted

por asse as an aperture
to pq{mﬁm thes part as&ieertblfels(}v@(Brelhhﬁd to shabubstratagblate eABthromgh the

r surface WL of the substrate Wto support
ho'e%rrrd%r&r eﬁﬁweﬁ'ﬁst %H?eawa‘mdé)ﬂ? Mayoh aeﬁBSHmﬁBﬁtCY"%\gef DC
servé‘rlﬂei’m ?rnsr’ﬁrlg "d%?nceoﬁ/rf?&fj @r rﬁh‘ﬁm&%bna\ﬁrﬁ?m Xxﬁ_@g‘r Edntroller

part t assenb IS used to reteive a
120 gotiss ebletq mjlabb,hpomnérmﬂhe larti assenibly 908 arabeubgtrade relative to

shown) that,is positioned outside of the processing
‘heSPEafaﬁ*@8§58¥irosed by the one or nDre wal | s 102 of
he processing chanber 101 (Fi re In this
[008"donf| W9WeEi dRPa 1S s tiPametica séﬁ dVieWo 8f 13 opregessing

crardl 51 SOLAI0 L =SSl (R0 bt Pk REarind M i o
“dowa¥ pestiiop iD0O0ICh Tirecésding as selnddl lylacﬂeOl@senagn g memaivhl steps may
occur. In one embodiment, the “down” position allows the port 111 to be positioned
a distance H; above the surface of the substrate plate 145. Figure 10B is an
isometric partial sectional view of a processing chamber 101 in which the lift
assembly 1000 and port assemblies 900 are in the “up” position to allow robot
transfer steps to occur. In one embodiment, in the “up” position the port 111 and
substrate are positioned a distance H, above the surface of the substrate plate 145,
wherein H, is greater than Hy. In one embodiment, the “down” position allows the
substrate to be disposed on the substrate support surface 145A of the substrate

plate 145. It should be noted that use of the embodiments shown in Figures 10A-
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contain a port assenbly support plate 1001 and an
actuator 1002 that are adapted to position the port
was®endi2res 900 rel ative to the substrate platBCWS2009/030996

t hrough the holes 144 formed therein. The actuator

1002 may be a pneumatic cylinder, DC servonotor or
simlar device, which is in communication wth the
systemcontroller 120 and is able to reliably position

t he gort assenbly 900 and substrate relative to the

10Bs¢ydd rbg aispe df‘ec‘l’H'ESnCt[OG)‘OMﬂ‘ My of dha oAhes egrbadipatsy discussed
G T R T O e

ch the I'ift asse
subﬁr&!e isappbe 10@aemfigprionss chowm ivm:'tlaér fiyuwee sisicagsad herein.
robot bl ade insertion or renoval steps may occur. In

[0085]’16 enReidriminto Figuees doanioResidt10B) ildnevembb@iniditt the transfer
to be positioned a distance Hl above the surface

Seqttﬁnqeh@ stbstrala do pand dromstherperpessingsehamiar i Kbmesing the lift

asseil | ROORELS the KBIAY 5By 1SR SEBRiD o e “down
positore 2)ninsérk d' bt nimstldormmns<a ahbsmmte dk)dtsegun aine flew @ftaalﬂald from
odi men in t position th

the i TGy @i Soarmed s die PBﬁéTHu"BOEﬁ B5H As8omplies 900 to
suprﬁﬁpt’rﬁa ESstpatef @E‘Pn&fe fH?ae Hba%rsbﬁ)odl Jp‘fe?t M(’}ﬁr GLiRg of the

greater than H1. one e
aCtUpMﬂtQO@nTOaﬂelnmw ﬂmsmﬂb@ﬂe dutogn thoe b@)(ﬂlambmel\@nthehmbstrate on

the S 5BhBEH IR, o) el s ot soime v Mamsulr ey © & desired
proc@ﬁ@tt@ positiorgi @12 BRBESSN ng%ﬂarﬂnm R thé) poANAIRFHBIRR 900 and

of the other enbodi nents di scussed herein.
the aféwat@kaﬁﬁt?eﬂ $UPar, frosiivseansl/r ate tbeubstietaiggidgithe sensing

asseﬁ%]* Yiat 'S?Qtem E&ﬁ&t&%%{;&hﬁ g&?rgéé JJ?@C l% gggorm the desired

i'gutations shown gure

procées @i the [p@@&'dsn@f:leambeg 100 (E.gVIRD LIRTP, PIB, atvth) 10Bend the
i n.one enbod| nment transfer sequence of substrate

subs{rgte, REPAesEm 9%@%?6@%2’3@?&‘9&%? he D" positign: Ad) insett a robot
to re@é%”@t'eysdtpﬁ n%nté)ues§%§.hﬂmd% th!;&‘r%tggoﬁtﬁé’?%ts&)w&mag the lift

he I1ft asse wn" posit
assendity:)ﬂ 0b64do th@ﬁdwn’épfasl’sm’m,stit JaebacBthebebbth danuet4) tow of the flow

a fluidf the flLyjd deliver st 130 conne ted
of 11 14t ae %1 e o JBF PSTL SERBEELS 6B 1 &1 s Bribogiaent, the
subsEHRSIs" Ri@edBndRYR/ N BoSiNbhe @ SBARY the %‘é@ﬁ@ﬂ tsuB'sﬁ‘&fé processing

1001 usi ng& of the actuator 1002 t© renobve
step(subea.r siee &)r dinet apparatystansharethasisi dl%CLtSIf»edshﬂ!iSlnrtlaus atso reduce

o {958 BOLOTETAGP 5080, bbb hoel o, HobPARL I Bl Riessin
chamberc eBsengecdiissnale sappart tdieepfbly 186seht®elp@Brrabdfor these

errors.

[0086] Figure 11A-11B are side cross-sectional views of another embodiment
of a substrate support assembly 100 that is positioned in the processing region 104
of a processing chamber 101. In an effort to reduce or minimize the effect of the
fluid flow Br delivered from the ports 111 from entering and or affecting the process
being performed on the substrate in the processing region 104, one or more
isolation features 1110 are used to capture the delivered fluid. In one embodiment,

one or more isolation features 1110 formed in the substrate support 110 are
27



the actuator 1002, 7) support, position and/or rotate
the substrate using the sensing assenbly 123, system
waeeomwbood2rer 120 and fluid sources 130, 8) perfPCHUS1989/030996

desired process in the processing chanber 101 (e.g.,

CvD, RTP, PVD, etch), 9) end the substrate process,

10) nove the |lift assenbly to the "up" position, 11)
insert a robot to receive the substrate, 12) deposit

t he substrate on the robot by nmoving the |ift ass

conngsies 1% apreheushaySIgai PO oedsct a1 aesvaniéne duist ffom making
its \A?eﬁg rﬂé)thé%r‘ac%slﬁgereglogw ?E fI: geﬁﬁ‘l!“ilf&@?ra@s Ho&ﬁlfﬁﬁrahon in

ort asse n on errbodl nment
whictnubetla;cda‘eom featorteat t1D eontaarst a gedoyepdsi 1t than edcmtnsd:nit@es the edge

o ) SufG PRl oS Tt S byt dProvon e

one @Jr&ﬁofeeewﬁ@étt&r&eﬁhé% dylebt ﬂfecﬂtﬁlé n% el, Ry BR) ftﬁs\ﬂa@a by the
a substrate in the pr ocessin si nce

portesl]Ebét rlat@asamb@ﬂlmeetsélmns}nleﬂw reetﬂ\ﬂ@l qrecmsltmed near the

t hese .er.rors 08 Fi A-1 1B are si
edoq B U S8t 30" theb 2 Bpw ikt Be HhREdaati Ridias (B, flow B can
mové WS ELBSPatdURROTd thassiysh by tHSulidiadte irslafies td laQﬂ@dlalr roove. In
the processing region 104 of a roceSS|nggchanber 101

one emhpdijfent, tiae greqve a1t aa baibstweer apget 20 g angfahayd 80 um

deer] fdhfld oqweg,ﬁbgﬁg LS SmddipygRr s 111 from

ng an process being perforned

008 flr o T Phorishr 88 ST ERB ML el BoiangRigglure 1110

oontgmbla/eru@@ht¥ o 'adgrob0e9ﬂ¢1 enhQdtirRMscridBedth GRXhe ports 111 in the
i solation features 1110 forned in the substrate

substfigim sHpPart ol 14 aed aie coapeeiedale irnexhauss pystem 1100 (e@. rough
|- t
pum?ﬁtéu@‘lbg.lg@gsl(ﬁ%\%}’gﬂg fIdi H%ﬂw@% ur@fﬂﬂr%é p? v§|ﬁ n ¥ffe& tfe other

porthf bgtheapiosess@spbeinly ;teh&arrrml mttheprcﬁmsmeregibtm 04.
contains a groove 1111 that circunscribes the edge of

[oosd]ne substbrrietoskigness 1140 1806h bhe eoitiRiimest, e S0Bstrate support
exhaust system through the one or nore exhaust ports

surface1 2108, @nd s fsnbsvaf@. duling  proepesin@Ejs posifioned alyan angle
reIatva%eQﬂé th%{l%(}%tal {d“ré%Jb%eetﬂqugtT%ﬁ ho{ ! tél;tggﬂ%rlp‘? { If] éhe processing

re positionéd near
chanshdrstTrad angle maptvahhiroi abvoudtrzen degrawso@.es diongontagiaershown in

Figuist 181 11" ¥habeub a0, dRaere a F0BEl o EMELIGH! Prsgie. In one
oo, SRS TETGL DSy BERRNE ds bl st
relatweggtthattmrwptaims betwéeir @bouDA.1 fogeEs dnd abeut 85 degrees. To
coun?ee(g{:ﬁ gzeggrtﬂtggtlonal ?orcesnh \Ig(l)JLEIS tel%(? cgnge the sf}gstra’(e to move from
the substrate support 110, when it is supported by the fluid, a constant biasing force
that counteracts the weight of the substrate will need to be applied to the substrate
by the fluid delivered from the plurality of ports 111. In some cases, the isolation
features 1110 may also be used to help provide a biasing force that tends to retain
the substrate over the substrate support surface 110A by use of the low pressure

region formed around the groves 1111 by the exhaust system 1100.

[0089] In one aspect of the invention the heat transfer to and/or from the
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contains a plurality of a grooves 1111 that
circunscri be each of the ports 111 in the substrate
wGeappo9s£27110 and are connected to the exhaust BYBUS2009/030996
1100 (e.g., rough punp, fluid punp) so that the fluid
delivered through one port will not affect the other
ports 111 or the process(es) being perfornmed in the
processing region 104. [0088] Referring to Figures
11A-1 1B, ment he substrate syppgor.t
subsligs 5a8 Dp1om Ol TN ADBS FRdra dagops dadabitig the gap 114
form%?ét\/\%@ﬁdth%t sktAg! ﬁp%'ﬂa‘i'l? eantoosﬁlﬂi‘ﬁrahgrwz%tnﬁb 4fe or more
ce the require I'zontal footprint of
steppm@d&prmsemmmedrnethar@beemryg vegign fof dine @b@lﬁssz@r@hamber
res zont al.. as .shown.in, Fi C11A-1 1B
101.¢ 91 2 duiafiecs SEpBtiientc i Pt nenf K s ansTehel to the
subsm@évréhp pbA QUhEPRRE:EMEt dud ke canal&ivef of bsn@éd@is/brraéae transfer
surface 110A, and substrate, relative to the
PFOCﬁ@ﬁ |0@§Hf g iRIringt e rEURBOTINGD . F?.Oiﬂ@@?@@sa%cPraﬁHaHHQEPfOCGSSGS

et RGN I o ARIAE! Ghlod B B REA 1088L 1Of PRk ale themal

cause he su rom

propeklest «e@@?hi@kpﬂﬁrtnalenthtﬁﬁy) is iffecopmatoting dap 1t e such a gas
fluid, a const ant . bi.asing force that counteracts t he

that \ﬁ@in%'ﬂs drelivre (Elets niteagenini(Ne), rigant tAtbe Oérﬁﬂm*é'aai'@“ tthgreof to
.mprgy@ﬁg%%t ngfg,gprfolcggg delivered fromthe plurality of

cases, the i sol at| on features 1110
tends t o—F€

iflrpfiohs ' "%
sur f use of ..the

uppor, SS gi on .
1009151 e '%lr&an35&1?5&%%90&189099“@';1gleaﬁgﬁ tb§epdprotessing
systeh0f31d Q’Q%@Eor‘d&n@@%ﬁﬁﬂﬁ@ eRfodditBehtin¥e fid %%éé?fﬁ |ﬁ@éﬁtlon The

transfer to and/or fromthesubstrate can be control
therrpgl iprpeassingy systani K310 cxmmmreeeﬁo@t shambeyij beghh 1t3r$§ @&bmng a

procdind e S R R G 6] P EE bl Whpor. T

chanfisdrf sdye U385 nidle bprrmaes sf rsgauhl@gscyne@lfartdwmaayrl@@aaéd Wgth quartz.
chanber 101 . Fiqure 12 illustrates o n enbodi nent,

in

The wrecassigavouye i B heratigwed i breradigrity seatesl, bl o theating

asseﬂrﬂfl)( 1918 %H% J8ah? vﬁﬂ&g\ﬁcltﬁd‘éeof‘?hé ﬂ?@rPrYaQE)%é’e%sm system
tr ans er process occurring during the supporti g?

131QOoAnte|xamp1g chiadthermat ptcm:bsalggmyeteesm mpettfonisnafdising the same

ate hayi n
s 0BT ORSREDBH oM B0 AEs cEatea! ABPIRBRRN  HefidaiNo. 11/623,238
[Docl%@(nﬂléctAWPIWH 1'3%4] nfiigat ¢4 5'/213(537 t\nﬁlcﬁaﬁ ihbbrp&rHfdY ByJasterence
that contains helium (He), nltrogen (INI'2) , argon
hereipAr), o r conbination thereof to inprove the heat
transfer process. Rapid Thermal Annealing Chanber
[00910onf i guskit vadves 1330 may be formed on a side of the chamber body 1335

may al sophe:

providing a passage for the substrate W to the processing volume 1314. A gas inlet
1344 may be connected to a gas source 1345 to provide processing gases, purge
gases and/or cleaning gases to the processing volume 1314. A vacuum pump 1355
may be fluidly connected to the processing volume 1314 through an outlet 1354 for

pumping out the processing volume 1314.

[0092] A circular channel 1322 is formed near the bottom of the chamber body

1335. A magnetic rotor 1321 is disposed in the circular channel 1322. A tubular
29



[0090] Figures 13A-1 3C are cross-sectional views of a
thermal processing system 1310 in accordance with one
wepdotdarent of the present invention. The therm@&l/US2009/030996
processi ng system 1310 conprises a chanber body 1335
defining a processing volume 1314 configured for
annealing a substrate Wtherein. The chanber body 1335
may be nade of stainless steel and nay be |ined mﬁth
quartz. The processing volune 1314 is configured to

riser, K34 TeptP RBAPE@IBGMISH RUPIRS! 48 JBROMPONSYs @epddel Pin one
emdeﬁéWaglge:ZLS%%%\é’ \}‘13958?86%4@ %)Rer rlpﬂéf%ﬁee?gengy an edge ring

systen n exanpl e proces
132(}3yls;peﬂedtmh et tubdiarafsensi3d® diming ane orsprbueﬂ;éwteps performed in

the t%rmébqgg%ésguﬁjgf%ggkféﬁigi rggtg;ﬁﬁ?th%%ri 103%-t | |§Eo%%ééi aelxternally of

the ﬁaéﬁ@ﬂ@ Yy C1BI ahHCi%rﬁ@bﬁbﬁé’al@%é@ﬁl@&em%d?ﬂf?é 'thamber body
91] A slit valve 1330 formed on & side of

1335t he lmmtab@dy)f JIBesnpgoemcdlrcnt@rdQQésbag@ef of at metor 1326 and

hencid; iHelb o g L, o 17 sDHa Qs T whihjsurpg PR Ridn. The

magﬁéw@ﬁbnmmeﬁm{mgﬂs@aﬁﬁﬁlg@m ab &HjeeNithe Eeseforsd of the
t he processing volunme 1314. A vacuum punp 1355 may be

magnetin detpr cbitiectieg tilinghthepsubelsatenyV viesingerreggased.  Additional
magrb%?co%Qqﬁgﬂatlgﬁgﬁ%ﬁf’ﬁfcfrﬂ{at HniB' \%llgb'l%, hggamﬂ?%edsgwgs Patent

A circular C anne

No. 6)1800,888ewhitht ieMedéby IMeopiaaterr bpasfgrehdds. A magnetic
rotor 1321 is disposed in the circular channel 1322. A

[oogdjubul ahel slRamBb3BYoHPSTIBI MY IS W Fflcedipblatt U182y heear the
netic rotor 1321 I n oné enbodi ment, the substrate

backvwgg dfuthsoselsiraty W. pdihieprailegiorerigte Bp24rhasige eptingl reflective
surfaq:gz‘pség (ﬂﬁséiﬂweoga{:@%ﬁ BMhaF{ ﬁéﬂ)?ﬁﬁé’(e]\ﬁat% gﬁ“érﬂ}% f?‘;%eer%ssivity of

process processi ng

the ssipstreta W3 LindonéAe mbgaiihet, $Iﬁeate:ﬂecl&2@a1951$2m aiagbe water cooled.
externally of the mapnetlc rotor 1321 a [

The tgilgrtiye éHffP‘}e doapl rt?ﬁfd‘iws'tjﬁé’féh%ﬁfd@?tr@éd\y define g geflective
cavnk{)‘l@’\%elgrg%ﬂ n%ﬂﬁeﬁlrﬁé]ﬁf ff?eﬁ?&ié fa@é 1313%3%&\’ au&ﬁﬂfétlerashghtly

ence o |ng and
larges tihan e aliamates rof she pubsedtea M‘érbemg pmv(msaagne‘fcnrcexample if the

stator 1323 may be 0 con ured to adj
therBfIgyReeaa0 s olaB HElh e FentaiaH BapPcdSh o sybsyates, the
diambf§ TUREtreAb&oMbRRE BT §) ?&%ﬁboﬁfj% tihHEd.  FRBAETdnsbodiment,

rotation and levitation information is available in

an ogtee riogi 1¥P Steytless cPupledtbatwees tBe@heaheniiridyh! 335 and the edge
ring Pgé(? l?(y s'eBgPe{tg %gtrgﬁe&%ercee(v?&e%% from the processing volume 1314.

The reflective cavity 1315 and the processing volume 1314 may have different

environments.

[0094] A purge gas may be provided to the reflector plate 1327 through a purge
gas inlet 1348 connected to a purge gas source 1346. The purge gas ejected

through the reflector plate 1327 helps cooling of the reflector plate 1327.

[0095] The heating assembly 1316 may comprise an array of heating elements
1337. The array of heating elements 1337 may be UV lamps, halogen lamps, laser

diodes, resistive heaters, microwave powered heaters, light emitting diodes (LEDs),
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[0093] The chanber body 1335 may include a reflector
pl ate 1327 near the back side of the substrate W The
wo edobee20F pl ate 1327 has an optical reflecti vRCBHUS$080€30996
1328 facing the back side of the substrate Wto
enhance the em ssivity of the substrate W In one
enbodi nent, the reflector plate 1327 nay be water
cool ed. The reflective surface 1328 and the back side
substrate VVdeflne a_reflective cavity

or 33%0{5\?2 SEiRgiRAtng qlepepisy | Bee arrapnoétf@a.’uegvel@iagmé 337 may be
dlspgéicm?f GErtichl KBS YoM ORI alr gﬁ&}_{BPBogyéqaﬁéerln%r}ehgﬁlbodlment the

ate Wbeing processe or ex
heatirigeeleaients d88g shay beystrengd@ I ai lsexagdnl pattexd. t A cooling channel

134 RV R PR '3 stk oy K5 SeSithBRsa) 9fhagig elements

1337 PRitessipg. outer ring 131 9 may be coupl ed between
t he chanber body 1335 and the edge ring 1320 to

[009@‘99‘5‘r e Lhsy o?fﬁegﬁggﬁe@%mst Y?%Tg Lre EBHH&&B@ to @ gentroller 1352

rocessi ng vol une . e reflective cavi
which lage papaklesif regljusdingre at®gdeffarys bathe alrdy ef Iemnng elements 1337.

o oF 0GR ohOS0E) B, e BB 15 5 9 s o
pluraliBA8f $RANRS g{?gubé) t8 HuHtABIATSIRME OF By ﬁultlgl'éecw&?nc zones.

gas ejected through the reflector plate
Eacftbwtmgggr@uptmey b@fG(?eEttllOdied phdapenenty 1o peosde ﬁbelred temperature

ool RS 293500 3, BN BOE 56181 R g heatn

asseftbyM31@py bal Raed inalmﬁited| 8tfes PAERE NoeH,8360,984 and No.
heaters, m crowave powered heaters, |ight enitting

6,921 68eWhicheme)hasebwingomaratedshy tefBranceeat i ng el ement s.
The array of heating elements 1337 may be disposed in
[009%]er t i dmloneokabodinerld am ealgeeﬂm@dtaatingoaiseemlas 1338 cnsfigured

primgrﬂy gg wnggg%%teg@?? rﬁ‘?qtﬁggoel VD éléﬁcg%%ggﬁ eﬂ?a]e;r?rrgg oq heating
eleméﬁfsm{ﬂﬂ nThéedgefrl Héﬁtlri@o&’é‘selraﬁ? 138809 ebnh&&tedth e ebntroller
heating el ements 1337 during processing. [0096] The

13523whigh raay REitst hoe deateaPoWes Dt the edgentiea heating agsembly 1338.
|
The E94E Fifly hefirtd 885Uk S5eisAARBRS AR AR A5 thid Grray of
heatiagtnjehirmam 138hAe henca?comnftroh?@:] ihegtethpomnire dBﬂiah@agehﬁwg 1320
d t t to heat the
et dod BhPE P b0t e SHEL ek b, e
edgegﬁ'r@lﬁew Q@s&rﬁﬁﬁ/r‘PééBeﬁwdy@@BﬁBdcﬁ%éxﬁ gngrﬁg?lg?ﬁé the array of

desi red terrperature profi'le across a ra
heatiggletameitts N837Det ai | ed descriptions of the heating

[0098] The thermal processing system 1310 may further comprise a plurality of
thermal probes 1324 configured to measure thermal properties of the substrate W at
different radial locations. In one embodiment, the plurality of thermal probes 1324
may be a plurality of pyrometers optically coupled to and disposed on the reflector
plate 1327 to detect a temperature or other thermal properties of a different radial
portion of the substrate W. Detailed description of similar temperature probes may
be found in the United States Patent No. 5,755,511, which is hereby incorporated by

reference. The plurality of temperature probes 1324 is connected with the controller
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assenbly 1316 nmay be found in United States Patents
No. 6, 350,964 and No. 6,927,169, which are hereby

wo pmonprrat ed by reference. [0097] In one enboPCTESL009/030996
an edge ring heating assenbly 1338 configured
primarily to heat the edge ring 1320 may be di sposed
outside the array of heating elenents 1337. The edge
ring heating assenbly 1338 is connected to the

controller 1352 which nmay adjust the heating powe
1352 Wiy Augayr sonsiucs A ?lﬁge%é%%sppt@b@sadnﬂﬁbth@d@@Wrer ﬁgpphes to the

arra\?Smaﬁé SRATENY 1§§$§o'p?ow8?%°t%q9% %i%éﬁ‘iﬁ%{]r@ég G1B1il8 across the

omt arra eatin ements
substrate Wl | i ng the tenperature of the edge ring 1320
i ndependently fromthe tenperature of the substrate W

[0099]n oneTreNbednEEptocebbibgeygtem i13d Ohaay 'rfmrgweamﬂmhse ad3dge ring
be one of the heati ng(ﬁgroups of the array

therrﬂgépm@ Liahaispesedon they TOFrféat%é@%%lneaFéfé%@igﬁgﬂng 1320.
The BEbed ek thalBigb A nfRTBE 1> Byfbrfietdt TopfituRld to measure a

temperaipes toresthef thaenalupedpeaties \M ahededde ey 1824di alThe edge ring
| ocations. In one epbpdi t he of ther

thenpRURELOITE BB IP dne onBEISE T ek Wit Aqaigtias to the

edgeWiHB' ﬁé’aﬂr@ %@Qeﬁ'lbﬁ,p‘?égé O‘Tfhéhéorftﬁfll‘e?cfﬂyz A @bﬁeﬂeﬁ@%éﬁ of the

a terrperat ure or other thermal propertl es of
systemfdoemtreﬂer it 20lididcuseed iabovef THeecenibdler dtBéZWamoadUeUa closed

loop iRl LT sffoeint BRI ARSRabE 385 28t I s fgiént from
the diRfecitYy tHXGATAP RFSHLA3DY. mefoﬂéeémgodlmtpihtér@dgé ¥ng§f1320 may be
tenperature probes 1324 is connected wth

heatedrior a1 deyiness 2empp@iuicaydanendently feomsthe Isébﬁtf@‘@nw gluring a

the power supplies to the array of heating
therrﬁ?le@rgb%% 1337 to provide a tal I or ed radial thernal

o100fy o £08iRETRa P T e sTeBiaendP e LT opies. such as

thermhalNBatS esmmkivity el dssdlpligPasesroy tdihe Bkhhal properties of the
| ate 1327 near the edge ring 1320. The edge ring

SUbS?rﬁtﬁ Wabeipgdrecassed tedinsevey SBWW@tt@mﬂ%@iﬁf@ qu,ftiiet dhe thermal
f
prop?ﬁg§ucggteh%r E&g@ ?g%%%)] ;%e%,t%%%{ X rm p oglﬁ%ieo,@ materials,

differiesit ¢oickiesssed m%(ﬂ fdlif@r@ncwmbnﬁgi; erAlﬁétanedianloddmnptlon of edge ring
connected to the edge rj eatin sse 133

design, mayobe Puﬁ%@th%q%é??gr g?é}t aﬂlf”%oaot el 25,%/ 366 ,{ﬁttomey Docket

No. APPM 85b%) wiiéh ‘?é Be iﬂcé@fbn%ed 15‘3? ﬂéﬁc‘é‘ | 81 odd¥fnbodiment,

may conducé¢t a cl ose trol edge ring
the eldgatringg! 3&kmaly|be Mmags fmm BglCDhGVIﬂfE@SIIﬂkethtlrfg‘ om

[o101] In one embodiment, the magnetic rotor 1321 may rotate the edge ring
1320 and the substrate W, and also position the substrate W in a desired elevation
in the processing chamber. During most processes, the objective is to rapidly heat
the substrate W uniformly to a target temperature. In one embodiment of the
present invention, heat transfer to the substrate W mainly comes from radiation of
the array of heating elements 1337 and conduction and/or radiation from the edge
ring 1320 which is heated to a desired temperature. A uniform temperature profile

across the substrate W may be achieved by controlling the array of heating
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the edge ring thermal probe 1331 . In one enbodi nent,
the edge ring 1320 may be heated to a desired

wao esopesRrur e i ndependently fromthe substrate RETUS1009030996
a thermal process. [0100] The edge ring 1320 may be
designed to have thermal properties, such as thernal
mass, em ssivity and absorptivity, according to the
thermal properties of the substrate Wbeing processed

to i ng@ove substrate tenperature %ofi | e. The thernal )
elemanip dBBY &NdRY kerpigdee edgg rmzb’B 3t the dasiieddgmpprature which

is u%}hﬁ@i@ﬁ?reﬂt fﬂf\eﬁ‘f %gte? E%&ﬂhérat é)? éﬁ@tsuﬁogtrﬁ{%nws e?-i;oo}/\é%ver, the

erent coa escri I on of

use rcbfngwagﬂemgnramw 132 1f anddits nsummrwng tc&ﬂnﬁmr&trﬁs Em(mtnplex and
127 3ﬁ7 (Attor ey Docket . APP

equrbsnﬁ?epggﬁo t Ecﬂeg%irté’t qﬂ, QL é;HEQO”I ﬁna n)trol \!t\ﬁe components
that %‘F@%@hfﬁ%d irf fHe Eflﬂ:%sélhggreéﬁ)%o en%y r@ﬁ"edm@ecef\ﬁt9n1‘315 processing

[icon wth a nickel atin In one
vqum&de”lmarihat ishenpegnecuon or on aemomgd ringratenviteement.  One

s 55 e 2ot RELA GGl SR 38R B8 ana e

assehifg eRR0) HisBBEE erEM! i ehaTas hilGWS 86 $eBstrhfteto be rotated in a
objective is to rapidly heat the substrate Wunifornly

verytsimple megmertvwmmt dheineed| for dhe neagnsdicngiator ok333, ¢nagnetic rotor

152 AR sSOLE5% v RS RbebBA 512 e D57 FRUGE R supporiing
compb@émst dn J&%?embddmﬂume édg@mWQOTSZCaﬁbrﬂhin@FBtét’@ﬁﬁryh@hlle the

e ring 1320 which is heated to a
subqt &Y a8 §HBP°'1\9QJ rﬁqsﬂfqﬂe@e@fﬁﬂf’hfq}?@dp‘%ﬂﬁ? é’f dle sybsirale support

asscip 0B T a8, o ESQLI‘SL,' the edge ring
[0102i|3f2? (Ier‘r?te %ﬂﬁgbhﬁet t}%&vxlpjrl)wtglggjz zIPN Lé:'é%strate support

assepuibig tioatie ;)Usnfdh\eﬁv\ﬂhhmtthé pisCeHindragheid GSIIJDtt@rsuibﬁaﬂt position,
and its supporti ng/y]con'ponents are conpl ex and

and/gR FRIAIE (e SHRSURLE Thahsasedrberapsnr n s cBnfwatipsthe substrate
suppdft1 @ RbARind Q%I&@P@o&eﬁgﬁs li“'lita ALk GQIﬂ{et%E?%fg{‘ 188€a sensing

processing region I ective cav
assepntdg €653 agdval comirolldd 435Phtat isge unskt to gmsitonoandforamtate the

IS ed | ert nvi r onnent vant age of .t he
SUbSYAR QTG ST EIOGERSTB oSGy B P ESla 08Nl 1 GRrogRgses and
conﬂbbfétno@v%&ﬁél’&ls)éeéoﬁﬂ)ved' 'ﬁ%@éﬁgnﬁ%rs%bﬁ)bly §28 ri@behérally positioned
| ows the substrate to be rotated ina very sinplé
to m@aﬁﬂrethe/\mhmn efhtbensigesifade Whendragewnted istthaeohealBrs assembly

I.C I 132 ular ri Ser 13 cl.nc
ro16 el Tbe s tng Ahetrates Mle DBHIRS ST BItEE support 110
is m@d@'@ﬂaﬁrﬁpﬁmalmtr@ﬁgpéﬂ@ﬁvﬁhdf@ﬂél,, stibg edgeartd bgsdg@ilre that allows
remai ns stationary while the
the temperature of the substrate to be sensed at a desired wavelength through the
substrate support 110 using the plurality of thermal probes 1324 that are connected

with the controller 1352.

[0103] In one embodiment, during processing the substrate is rotated at a speed
between about 100 and about 3000 rpm using the plurality of ports 111 during the
thermal processing steps performed on the substrate. By rapidly rotating the
substrate even heat distribution may be obtained due the averaging effect of any

non-uniformities found in the heating assembly. Furthermore, because substrate W
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substrate Wis supported, positioned and/or rotated by
use of the substrate support assenbly 100 and/or |ift
wa@z®enid2ys 1000. [ 0102] In one enbodi ment, as sSPOIIS1009/030996
Figure 13A, a substrate support assenbly 100 is
positioned within the processing volunme 1314 to
support, position, and/or rotate the substrate W
di sposed thereon. In this configuration the substrate
port 110 contains a plurality of ports 111, a fluid
is n@én.m@mwm tha saostrale seRePHSUIasenngventBernal lpsses are kept
ata?t‘ﬂﬁ Ier 1352 that are used to position and/or
ate the substrate during thermal processing using

ast one, of. th ogesses and confjgurations ,
o10ff oo 18y 4RI B SHETRG M E BURGTy SE03h T oFormart ppgemblies
900 RIegt ArcOp@d df &a M@ RIsEeMbII8 000 bisc08séd abbBfe)suRsLsad & Wceive a

and nounted in the heating assenbly 1316 near the edge

subsirate Heorau Bs fahet e(not rshewen) et diite wonfiguationbat sehsrate can be
suppot .ptolsflrlq)ﬂebsan@tﬂgro%t 8'b L%é S?L Béﬁ%qﬁqa’f ﬁ‘ﬂ V\g otnheé\ach of the

such as quar r Sa at a

port taemambaéy lgeooanghfe $8Bst roadss- s@cthfhais elReedf #e the¥gsil pestessing
ength through the substrate support 110 usi t he

SYSIOIMTAT0 By VT el 1l S55eaes TOPBAatH o AsseDRliet D8 are in the
“prodfssihd MosHRA hliEh pocteirid 48t mdy, 806, IR Ut Bfbodiment, the

lift abmmlekymmust uséiDtapdsitiboube %Bﬁtrawwwm ag:letshred elevatlon in the
[ ts 111 d the th

procBslhg bt rFE@'rnafprpﬁ%S%r%'sF"? ahe eraSaEru HeEE aesetgnly 1000

is mb\ﬂ&i fORSAH &l ?@'i sHbwhY, VAER ¥ gBRYralle a%Bbé'ﬂ'ﬂ@ﬁrocessmg

due the averaln ct of any non- unlformtles
positign, tth@llhwammgsmbm SO picly ruprmcn‘n@peqff betvstrate on a robot blade

trate t .in t. with t
and §UASAPThGeite S (Bt PhEfria Ve et ¥ he fiagssing position
to al6viitha ffbbbﬂi&@htémtr@nm@ﬁﬁwﬂr@@ﬁsmgﬁ%yﬁbm 310 \Eiﬂguar 88bstrate
13B and 13C, port assenblies 900 that are part of

disppgect om i higd- iome(ean%@fdrgseé@ tasd‘d@yvnap@sm@@@"@ws the substrate
to bd FEBLYS Bn HPSLEGHAe AR @A) 8P ht&@% gpd N Lhis

confrguration a su can e sup rte p05|t|oned

[01052nd/ 0:518: @g)gg%sﬁf:%&g;&@ féur%%é1{’.§r g Pébean actuator

assefitg 939eds ivesalto vhéeve Qﬁdtﬂmlttdme!h@&iumr@w%%t@g%Y@aﬁme to the
1310 in which the lift assenbly 1000 and port

subsjyate. M| ansk potcasseanbliest 0 g rc‘é@@ggu thg" herdsirangfar icharacteristics
sure sy PHOSERSIAR SHERY FBABEGHbcodhen =y HOkaBbraion. e
substrates pleat e1 Ay, avhiah desi bedhedted diy apeidf imbedded resistive heating
elements 146, can be moved from a position close to the substrate (Figure 13B)
during one step of the thermal process and to a position a distance away from the
substrate (Figure 13C) during another part of the process to change the heat
transfer to or from the substrate. In one embodiment, the substrate plate 145
comprises an optically transparent material, such as quarnz or sapphire that allows
the temperature of the substrate to be sensed through the substrate plate 145 using

the plurality of thermal probes 1324 that are connected with the controller 1352.

[0106] During a rapid thermal process, the substrate W may be transferred to the
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processi ng chanber during processing. In one
enbodi nent, the |ift assenbly 1000 is noved from an
wo ad/oprzi ti on (not shown), which is generall yP@Ebuosmo9/030996
the processing position, to allow port assenblies to
pick up or drop off a substrate on a robot bl ade and a
“down" position (not shown), which is generally bel ow
the processing position, to allow the robot to enter
the thermal processing system 131 O with a substrate

procgpsipgsedudie i Bd4 dheauah e she valysodBd@mnd sHeporieivby the fluid

dell\)S%S%éli‘ Pr?th% |:) li{@ qﬁlgomg«?&{gh%ﬁ shB &edétﬁ%%itg%%??%qgg]o In one

embbdmﬁmﬁ H‘ré)substmte Wads sspparned Ibnyhg me Ark313pd dllBlﬁg gt of the
uator assenbly 1391 is used to e and posi{i
the”ﬂ"ﬁ PEQASSBINg: Feps-atld opsemPodime. itdStOI?@'@Bl?siOr a'eqn W‘d position

the @HQstPé’tbt irP S5 &Ik & ShELLrita E;?ﬁﬂ@ﬁ {))beYh%ﬁfbcﬁér?égsfnerthe thermal

aracteristics surroundi ng e substrate dur
procebgingedystano byssiengt ’(Herﬂ‘lllld|OlBIitzelrehr i fgpomatheqrortst het and the sensing
h heat.ed, by . f )
asseiiRda2idRes boptioninale Ry bEl Bleh A GasEt BstigE ofdus gage ring

1326 I OPha LR@Sbt it ﬁHrl%Sq?ﬂ Otot Qé«t@l&b%&%ﬁ AR BHRtd 3B)a desirable
during one step of the thermal ‘process and to a

positiers pnitbe eggei riihhd20 gambef impartand, sinbe itrwilldepditguemove one of

e 135 44870 Ot b LRBIRRT SR SHE0E e i

temrﬁﬂ‘b@lﬂé fifsYimal tph€csdses! i spbstifie ktippormmysentisly 300 also reduces
ptically transparent material, such as quartz or

the @%ﬁsbmrr% highly ascuie qnﬁiehlgéwwwe dpbetie trappter rystems that

are (e TG shPHEY 10 1 BHRRSAL LB A hrkabqind BRamber,

sincamthda wbetramsmmdrelasiémbly (000N Paruseyl ®o mapudtely realign and
supstrate Wmay be transferred to

t hermgl process
place ﬂl@p?@&é 2 Hba\F‘&SH PPSHIRN WYL Hif PrRCeSPING Qhé‘lm\}??r1330
and supported by the fluid delivered fromthe port

[0107111 £@ntelingntheh@rayn of rhaadingu plesmentadddnryngy 1160 carlucted by
meagugg'\egemo@nﬁ%éturé N 154 Qﬁb%ﬁét? \%%éa'o SRPR Lfsdugiylgtllng é)lurahty of

ring during par erna processin
therrsalem@bei;n&zne Ierdnedembatiment, the plaslitpbf thermabprabesat@R4 may
substrat e.in a ' hori zont al

t
be ofiiy HSRPYIRS aprons betBURGpT PAS 827 KonesPoRtiBeded fagius of the
subs%)ﬁ% am %&ﬁ%a@ureﬁh@nfdéﬂét@lré’se*rbﬁﬁthécblufa‘ﬂg? MBeRRAE Srobes 1324

1 and the sensing assenbly 1 prior to positioning
are samplgdkmﬁ theet eomtrolker didS2: e dhp axsintioier 3352 haayedlgedrthagneasured

1320. The yse theprtsllltoat s
tempgTgRiss kS ailiSt t et BT HiehtbabReBR 148 SalB8t Ieoferiberature
acrods320r£chdls o thePudstiate VWi s mihgWihiforfeNdn téhe @mbtﬁjlment the
one of the major sources of tenperature non-uniformt

contofehd 3pR MA¥saditgihtheniagiry of heating elements 1337 by a plu¥alny of
concentric zones. Detailed descriptions of controlling heating elements by multiple

zones may be found in United States Patent No. 5,755,511 and United States
Patent Application Serial No. 11/195,395, published as United States Patent
Application Publication No. 2006/0066193 (Attorney Docket No. 009150), which are

hereby incorporated by reference.

[0108] It should be noted that while Figures 13A-13C illustrate a thermal

processing system 1310 that has a heating assembly 1316 that is positioned over
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tenperature thermal processes. The substrate support

assenbly 100 al so reduces the need for a highly
waewanaees and hi ghly repeatabl e roboti c transfBCT/US2009/030996

systens that are used to transfer substrates to the

processing region of the processing chanber, since the

substrate support assenbly 100 can be used to

accurately realign and place the substrate in a

deS|redVVOS|t|on wi thin_ the processi ng chanber.

2ol

the ﬁ'g'Stq%\flaprads?nolﬁ mféameﬁ&eéﬂer}wmgﬁvtonw %R? e of the
t
mveﬁt‘?cggt e twamﬁg%g%g‘aﬁ;ﬁﬁu@ eﬁés‘?lzl e gpﬁtlone? below or on

botht $idesraif tpe clubstraR2 iV asnneerdaecérmbardplmm thet t‘rearpialhrpad)cc&sg,s without

of t r obes 13 nl but ed
devign, § e HESiG Searts OB iR ion ErcHRepRis Ry Avhated above, in
somé 2GisH§ i0fs dd§rabb s hie &«Smﬁbﬁem&aﬁ Yhedubstrary %w&ﬁ assembly
fromthe plurality of thernmal probes 1324 are sanpl ed

(e.g-bysubktratsoistppoitet 10,35ebstkHe platﬂ ridid) drom3an optically ddansparent

th sur.ed . t.enperature t .,the array ,of
matqraf 19 Ao i S BE Ny T Stttk 15, BH5RY lpng of gore o
the téﬁiélevéiuﬁtf sémsing dbsiceals. gWrbﬁé?@m:@@um&lréIQﬁGQM n3sne

enbodi ment, the control 'er 1352 may adjust the array

of heating bWFEs%u*éWVI?BCWalﬁbHF Eb'ntfpﬂétlSﬁncem ric
zones. Det al escriptions of _controlling neating

el enent s mJItl ple zones may be found in United
[0109%8t at Esgtwat ilsiratesy 88, @Iparatusdthahinnay bst adapeddoeise one or

mord P thE“BIPRAIaNS) ot The StibBRIe SlppSH reseNIy FseisET above.

Figuﬁﬁ%A@éﬁfeﬁ’@gl ifostkgies @Pdl%bn@ENT\MﬂA‘@ cﬁfe@mb@lr\ﬁipbr deposition
I ncor por ate reference. f[0108 It should be noted
r

(CVR)charphet, @omrg@w@lyleaw@b@ P ARRliedeMatarial. dag. of Santa Clara,
has |
CalffE" hL 5% DR SARGkRtn Bhe 2pRSPALIGPIRIT Low prssure

CVDCdJ_ﬁ’fG\QD) eftarober 3400t Thet ERGY0 tharhber 140Q ilestrated imeFigure 14A

s 9RG T csHoBtes S Bl TR el AR AP BB A D duRS Sy pdastween

abouR200Nor? WhstdRiue 3%baforp %ﬁéeéjdéﬁoélfmﬁ @H&mb@?térhﬁ%r’ﬁurﬁ between

process w thout deviating fromthe basic scope
about 608r7G and abs@wafb%chgpeithe pmoaetOédIL@bern a L&D chamber

oSG pble TR AT E P IIED 5 e

insidd P th& Uhérfnb@tf Bo@i/ auas i4a)"stibsmaterpropéd<>adsition. A substrate W is
transparent material to allow heat to be received b

indicatesl lﬁlﬂ@hﬁ'ﬁt"@eéﬂo iulieaty itsoeationdn the LECHD chamber 1290. In one
f

emb R T G E D il 15600, Seliptesl ' RERRT S RLBk Fate, and

may be sized to accommodate a substrate having a diameter greater than about 200

mm.

[0110] The chamber body 1445 defines a reaction chamber 1490 in which the
thermal decomposition of a process gas or gases takes place to form a CVD
deposited film on a substrate W, such as a polysilicon film. In one embodiment, the
LPCVD chamber 1400 may be a "cold-wall" reaction chamber that is formed from an
aluminum material and has cooling channels formed therein. Resident in the

reaction chamber 1490 is a susceptor 1405 that may contain a resistive heater 1480
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[0109] Figure 14A illustrates an apparatus that may be

adapted to use one or nore of the enbodi nents of the
wGaamsnyRare support assenbly di scussed above. PPOQUUS20091#80996

generally illustrates a POLYgen CENTURA(r) chemni cal

vapor deposition (CVvD) chanber, commercially avail able

fromApplied Materials, Inc. of Santa C ara,

California. In one particular enbodi nent, the

apparatus may be a Low quressure CVvD (LPCVD) chanber o
that iseepporieg bye\abathtdifer Thasuseentas i #88 dasiasyifags arepgufficient

o slFpBFACEAbdE R Al B aBIId Sublitho i apoun p s
linegbout 350 Torr and a deposition chanber tenperature

bet ween about 600 0C and about 800 OC. For the purpose
ro11Qf i Ifigiser e4A aRo iﬂ%rd%@&&@r@é@@’@@tion%@%mﬂﬁﬂa?%ﬁ%rﬁof the heater
c

hanber vol unme of about 5-6 liters. Figure 1
1480, Ingkiding @scrase-sastipacofothe: hedy ipdther suss@ptora140% mng a cross-

sectiof7ea B FHeiooRa s AL dhE Bock o AP o BBt 1305 may have two

heatirteeleREvity fdrandaethelelfOsudma® adirstrieadingesiémenh ¢456@uB a second
chanber 1400 is adapted _to hold a single substrate

heatgl%eﬁﬁ@ﬁrﬂé 497 thatomapatiteroyi they malgdal e Wﬁiﬂfhﬁ"easusceptm
i e b T I

1404 i€ TRagE  OE A ab Ry Mibodilrl he LRGVD] BRARBRMR00 may

includiedampls idsteadpadsheiresistife fyper oiclksatingpslearendadds0taaice$3457. An

oxerfbBrolas el BePIRAPTaT A HoBHE PERTUES IO tepiniaues, and

tempersidre CEGRIRAT 1ckhPRUBRY aBe fuirthep! destRibbd TrEaghited States Patent
chanmber that is forned froman al um num materi al and

Applicagion oBetialgNoh £RAG 1T [Pedketh bloei AP PMe 422831t ], ifiled Hg/26/2007,
hi beacti on rcFaH;‘Eer flélQO IS ainsusceptor 1405 that may

M T R e S R S \e/ee'}?&lleé? 1480t hat is supported by a

o AoV RO AR b B L e temperature

and F%ﬁsﬁ%‘gﬂ%ode;ﬁﬁﬂw ehBrofisiohd pastagieest d prRess gas through

0111] Figure 14A also illustrates a cross-sectiona
a blagkewptste d 4gdranca psfrfaratednieae grlate4BILS praviidesi e advantage of a

o 38 AR 0y Bl L S APl A eacion

charbbe $48Tepbald B Gonipatiblawithtthe hreatsgasbtemmat Sther chemicals,
formed therein, such as a first heating el ement 1450

suchaag) Cleaswich RREMEGRIS e Jel itragien TuliorideatNTey HRak Mavebeintroduced

: . el | ich the susceptor 1405 is nmade. In
into @%qgmﬁgﬁméég%%@i ment, the LPCVD chanmber 1400 nay

[0113] The exposed surfaces of the heater 1480 may be comprised of a variety
of materials provided that the materials are compatible with the process gases. For
example, the susceptor 1405 and the shaft 1465 of the heater 1480 may be
comprised of similar aluminum nitride material. In one embodiment, the susceptor
1405 of the heater 1480 may be coupled to the shaft 1465 by diffusion bonding or
brazing, because this type of coupling may withstand the environment of the

reaction chamber 1490.

[0114] During processing a process gas may enter the otherwise sealed reaction

chamber 1490 through a gas distribution port 1420 in a top surface of the chamber
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i nclude lanps instead of the resistive type of heating
el ements 1450 and 1457. An exanpl e of a useful
w@Eemepsrs desi gn, and useful pressure control PCT/US2009/030996
techni ques, and tenperature control techniques are
further described in United States Patent Application
Serial No. 60/990, 173 [ Docket No. APPM 12283L], filed
11/ 26/ 2007, which is incorporated by reference herein
_ !0112%) The LPCVD chanber 1400 allows for a precis
lid the;ehamber dogyr H4n-e é}?dpﬂ?c@ﬁtﬂ%g Fray Hen 90 through the

blocggpgﬁit%'19@4%v EHW'ihe %gg A8 aaQweaﬂaf % Qfgﬂf%lgla&e surface

abloc Iate aper ora
aregpbiathe sm)zﬁammm 'dleae;retafter dde pnocEps ges mayirhef disinbgéesd through the

dlstrlbutl dsthesbstrteW Suj t abl e
pertfiaied ifape Higle 1425 RSeie0o APOKETRE: hadish i, pRdpeoupled to the

char?xBEPEHH' H’h@o ihéiBe!t R Péélﬁi%ﬁsclgaﬁﬁér 8191@0(“ BT ortd &FhIS&difent, the

such as cleaning chemcals {e.qg., trogen
combiriattion oofi ihe, biNeir plate 1484 With ithe rfmaw@clelm% cigates a uniform

SRR 4370 LA o SRS, 25 O
B e cr i o T
chari|169151 266! 8hriﬁe %ﬂ@&%ptéﬁ@%@fof tenosRy 3ﬁ8é4ﬁr%u@ﬁyarpéntry port 1440

onpri se of simlar alumnumnitride materi al
in aesrUedpcmann oft the sluambpt dnody4%45)f Tcheadweatmodaie% sulpgtrate for

i ff
procgEsiBEnthe Bedidndato i e o Mol piifadmet B4 piuattor 1405 is
beloW®ehthy SoBAL00fIn bR driBsdihmt cRas®istrattdW nlayetloaded into

process gas may enter the

the Rhetiogi Gargssn 5400 BantRmolcFanBemalet tmnsiegtbladees a robotic
O
trandlkP HELiBH! (81 sfShh) SfifdireNich AfiPacttbl 5ol 1408, Once the

subggrse BY id headeh ther engh phve Mml{@rseﬂil@i exnth e trceater 1480 is
di stribute the gas about an area consistent with t
advangedaifean Upyvase Q'??@t'gﬂt}@t"’la&i' dhenfage, platgr 1485 by rﬁa“ﬂef assembly

146(?&9&!‘33%39%115@% f&gc%%az*ldﬁlbblét %ﬂapwérr%gtbrt Q%r gL%dﬁFa‘fQ process

ace above t heat er
positaupf Eure ttdde tiohaedaion clthrid80149Qiiddividest méadtwo aones, a first
i ment, the

zond {208 ApE311P SURRs GitiR SLREoPi d4hPannd 2 s8tord zone 1404

belo@/tAaiR%tomh SVFA Of b SustEptol 9808f process gas near a
top surface of the substrate W [0115] As illustrated

o163 EVI i 0 IS RIS e Bt 120, o s
zonehd402includs amaoergi488 above thesubsttdeOW where a film is formed on
the top surface of the substrate W (e.g., polysilicon film on the substrate surface
facing the perforated face plate 1425). In an alternative embodiment, formation of a
film may be accomplished in both sides of the substrate by positioning the substrate
above the top surface of the susceptor 1405 to allow deposition on the backside of

the substrate (i.e., area 1489).

[0117] The process gas, which flows into the reaction chamber 1490 under the
control of a gas panel, may be thermally decomposed to form a film on the

substrate. At the same time, an inert bottom-purge gas, e.g., nitrogen, may be
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in a side portion of the chanber body 1445. To

accommodate a substrate for processing, the heater
wa2@9/09273 ower ed so that the surface of the sSUBCEPS®NI/030996

1405 is below the entry port 1440. In one enbodi nent,

the substrate Wmay be | oaded into the reaction

chanber 1490 by way of, for exanple, a transfer bl ade

of a robotic transfer device (not shown) onto the top

surface of the susceptor 1405. Once the substrate Wis

introdygae dNtotthe sasopg Zamer 140 tp inikik fiire dorprtionnie thaehzepe. In one
t
oA 240550 ot IR, R LRI in ho i

zone NdDBde,a fevel bam\rqaineab@]tszaﬂoWerr tordbwrut 350 Tdve and a temperature
substrate-prqocess position of Fjgure 14 the reactjon
betvaeRBaUt1G30 Lo ane il 0*5 1Rf dhe %faﬁ@g ofaa tRqhegilicasnEim on the
subskfie vabove the top surface of the susceptor 1405, and
a second zone 1404 bel owthe bott om surface of the

o 20 195erd S B0 B3 e, o enper 1400
througic huslespiag @Eateal 488 aknD!IecﬁMVéMtatai eldWcWrtEe&:famber body

filmis formsd on the top. surface of the substrate
1445 0. A PUTBRI 1ATA ClpI9SEl| WBieY The Wasdionaglearabiet 4480 may provide

vac%@?gﬂ?@sé&@ \Wﬁﬁ %I nen;()lhactﬁﬂa(?{n%'i 94442%) d][dv}?‘ Bih thg process and

native e formati on of a
purgecgasgs pehetl the réaxdtionsclisber 148@ teuthst parnp b4,82 Preferably, a

o B A Gy e e BB S B b
allovl fige %Hﬁﬁﬂd’e@tpﬁeééuré to & ﬁaju%feﬁﬁhnd[rﬂél%ﬂm&ﬁ‘% Qégﬁﬁfﬁressure by

gas, which flows into the reaction chanber 1490 under

conttm@g:@mnmpdﬁSaf@asrap@nel may be thermally
deconposed to forma filmon the substrate. At the

(0119 ane Qricegthegnocersing bbtheaubstrateeWsscoreplgte, te reaaien, chamber
bei nt rodugced i nto the second. zone 1404 to inhibit
149&’1\{% ?’ r REEY fgﬁ PREPIGoMEN PR BRE EaBoaHARMAS ”ﬂroge” After
procb@élﬁ%raﬂﬂ pﬂfr?ﬁ@uﬂﬂa hegiak 4T490(|§)ov061rb8t6!}‘t'h% Ifffee a@é@ﬁﬂa €460. As

in the first zone 1402 at a | evel bet'ween about

the hrater 148Gisanevesbdiftiing 14839, whichrgxéend thr@ummeelngawmatsurface

of a0 B 488 Lt Py 3988 s BgBls & BEDNEL' 88 eacton
charﬁ&yr b@qouﬁgwet@b hehtepfi 48DeontaGés ennmvardeinvidhA0d ivei fhe lifter
punping plate 1485 to a collection vessel at a si

assemblv HA6E henlét p'@édﬂf"gﬂr@@‘a% Sﬁﬁ‘}f%‘aﬂﬂgﬂddﬂtﬁﬁé?é\de@@ﬂgl E&@VG the
susclRy! S5 O PHANE ool 0% TR0 RLIAE, YAHU, PRESEHAE, of ne
susceptbr 1405. The surface of the susceptor 1405 is thereby moved to a position
below the entry port 1440. Once a processed substrate W is separated from the
surface of the susceptor 1405, the transfer blade of a robotic mechanism may be
moved through the entry port 1440 beneath the top ends of the lift pins 1495 that
supports the substrate W. Next, the lifter assembly 1460 further moves downward
the heater 1480 and the lift plate 1475 to a "substrate load" position. The processed
substrate W may then be retrieved through the entry port 1440 and transferred to
the next processing stage. A second substrate (not shown) may then be loaded into
the reaction chamber 1490 for processing. The steps described above then may be

reversely performed to bring the new substrate W into a process position.
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purge gases out of the reaction chanber 1490 to the
punp 1432. Preferably, a controller or processor (not
W@ bawod42recei ves signals fromthe pressure senBOF/{S3009/a30996

all ow the chanber pressure to be adjusted and

mai nt ai ned a desired pressure by controlling the punp

1432 flow rate. [0119] Once the processing of the

substrate Wis conplete the reaction chanmber 1490 nay
with an inert gas, suc

l01293iet Pgrrd"@nLP@f\/t[éFhém%éé&pﬂd“%d“%W%|an@00?ﬁ@¢%@'s|er 1470 that
is sﬁﬂéh%@ tb§ fe(?ﬂ' cl%trgn@r H?{)tcﬁécﬁ%qg@&(/em oné%hBb&diment, the

ater I S nove I NS whi ch "ext end

LPCiMi olu@hbepémﬁ)(mgmluudewnstuuétm afd ploeess paepheterd ddrdelivering a
03| ti oned at the base

gas SRR FELEEINsinG isbhn 1 50 cB AGAS 1R o peiios g Mo ine reaction

charfB8f H@Q@%ééﬁn@%@ éﬂ@wmlf%dsweantem drBfurt ideh®éen about 640 °C
assenbly 1460, the lift pins 1495 remain stationary

and ahautiT50 6t eng wneeatmga@@maum betwesrpabeut12@® Tou to about 350

se te th bstrate fromthe surfac
Torr SR e e Fo R EHaET R 40 354 AL & i LBl bR yisited by
thermnal &rh‘@ﬁi%bva%do@lt@nmﬁb thesubatawvwhe entry port

1440. Once a processed substrate Wis separated from

[0121t]he N BhB&ENBddifeit, SAESSFRP§n Ftlﬁrbgﬁse 1AetHd ainsdepliord] @U!Becontams

a robotic rrechanlsmrra be ed through the entry
the @mporleme foerd it ther ald:)&trme ehppofasshmbly ﬂt)O pinsrcals:seét'above In

s the substrat.e the |ifter
this EQRignBHISE IS S5FeRiEy 4B AHsRivib ks hesBion qlor rotate
the aoisstidie W fdispglsatiethbAddn.t OTRe "Isatist 11aBe, IR@éh like the substrate
position. The processed substrate Wmay then be

suppast ri & ehisqussedghbeyr @ﬁﬂ@nqooa‘tplmwuf aﬁd portandfl ér thed are in

comb Rk B9cRSin REPATEYI AR LT SRR S sonoin

assetdfl) 123 apd aoessllag 135Peast pesiticle and/dradtatbave $uisstrate during
be reverse!bsé performed to bring the new substrate

procgge%/ R0 %IOBPCR‘!B Lihgreubsiraty istriatepays %‘P\%ﬁ%@?tween about
100 éﬁ@%bﬁﬁy 3066 W%s%gpfr%cﬁﬁ%ﬁé){ PP?&@% 6L1 duhf‘\é%é cdsSing steps

simlar to't system contr di scussed ove.
perfdrme@irm thebedbsisate., ByhetdtP@Qubechidnstrate ewe)ﬂheatdilentémtlon may be
tru tions.and process para rs for dellver n
obtalghd: 1 S ST UBPnGURCHMPT cI0% oEPBEOREESa i Oiner related
com@@fémerdcgaﬁnlrﬁ@éd thend aafdte@nhehRaRNVard 488 iéﬁaylaw chamber
t he susceptor 1405 to a tenperature betvveen about

relialglitynis graily Mseared. ankhegengmigiitygaad rflea@l@lmyelrb@memnt over

con o8 Bab YAl FREL o LT AL IR, 0 bo

rotatdﬁﬁwés%@ﬂaﬂwtrmél&W‘ffdnflgbemoﬁ@wh/e&éqne pepassstis @erforhed in a high
the substrate W
temperature (e.g., >500 °C) vacuum environment where the susceptor 1405 also

needs to be moved vertically.

[0122] In one embodiment, the sensing assembly 123, which is positioned and
within the chamber lid 1430, is positioned and configured to monitor the position of
the substrate W. In one embodiment, the sensing assembly 123 contains a sensor
122 that is positioned to view the edge of a substrate disposed over the susceptor
1405 so that the system controller (i.e., processor/controller 1470) can control the

position and movement of the substrate by use of fluid delivered through the ports
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[0121] In one enbodi ment, as shown in Figure 14A, the
susceptor 1405 contains the conponents found in the
waaimshyare support assenbly 100 di scussed abovECT/U$2009/030996
this configuration, the susceptor 1405 is adapted to
support, position, and/or rotate the substrate W
di sposed thereon. The heater 1480, nuch |ike the
substrate support 110 di scussed above, contains a
pluralit f ports 111 that are in conmuni cation with
11 W oG éﬂgeﬂin\‘@‘r‘y 0BGsPe MOrgOVIngeMEh 1499iArA ctpalpkiv PRUNted to

con@%ﬁ%h%@n%é%rﬁbé@% §080 CQRH QL Ipfdcke? ?%tg .31'112910%11& 508 rforated
nd/or rotate the substrate during processing. I'n one
facee piadeli D, ot previeiebanr giteal pathvttat@kbvwatonae spesste sensors (e.g.,

b bout 100,and about 3000, rpm usi ng.the
retr QB F N Pe Pepgay 5 Tier iR MaptoRihe otiaa &F s Sitsyeate.
erfornmed on_the substrate. B}/_ rotati n% t he substrate
[0125ven Hadie 1B s closei yhcragy-ssstiopalayiaw T 3 Egior phihe susceptor

1405 NRaSHSE eaobgﬁ LM AORPBENSe AR SBEBSFI bﬁéi%ﬁ &nd/or rotate the
co e ar dwar e

nponent s do not need to be rotat t he
substoateWxi nyore @ndiaditnent, ribe i piiallityt gf psrigriddtdng positioned so that

, _ ey et v
the HHE] AR8niepufgu Bn Ciostd Bl feBobn® pirvboh By Teagaye process
elen®nt&TPein HR BFRGSSPGPRBRIM Bo.gl T\ greE@sBF cbfponents) delivered

~ especially true for “configurations where the proces
into the areef thaelioinrmakingdheir siaydo dbe lavgresugiace W of 0@ substrate W.

vacuum gnvi [ onnent..wher e t he suscept 1405 al so_need
in o8 SR EREhT Rl BiLPrST StelB, st BRTS n5enbbmr R oOiisted to a
fluid st 9485 SgRbpysitlaibd WeAChe SARO6T tHeouREpsH WdNidinhibit the
the chanber lid 1430, is positioned and configured to
movageint oY thrergsstve iiACcess Elrmenissti ate the lowebgerface Wy of the

con O T or e, B AMEIBTIy BTN BB lonce o
decalipdg tise fluiovVitow heedsd 6 epiadd tHel (wercsurizele Whet shis tsebstrate from

controller (i.e., processor/controller 147Q) can
the Gl 8f erBOREREP 8RS RRBNAD L AENFURTAnBIaa] Pt Bgrts 111

use of fluid delivered through the portslill. In one

enbodi nent, one or mEdgeBeHenBesigiB are seal ably

nmounted to conponents in the chanber Iid 1430, such as
[0124)] oclkégurpl dbe depiAs andpargpective aview fadce ubsiated z&ipport and

Lo .proyvide an tical path to allo ne or e . .
positigilg don). TP eprareiteds v (g pBodiiRet, 57 oS inugption. The
subsiiate BRPpo®antdhsodiHiINg agseinbly s0IRTIliddsa HaBdsthtert JbM Wvhich a

14B is close up cross-sectional view of an region of

pluralife ofuaisepeaind aoier fielternad angat tthemak iesgechariss 5 may be
ot ERSAAL | BESHURR 2080 £ 805 SRR H Sperures
for fpoveingi gasdherethitalgh to elevate the substrate. Apertures for providing
vacuum between a substrate and base plate 1 may also be present. In one
embodiment, the plurality of apertures may be arranged in a concentric circular
fashion so that three aperture circles are formed on base plate 1. In one
embodiment, an outer circle of apertures 7 may be adapted to provide vacuum,
middle circle of apertures 9 may be adapted to provide a gas, and inner circle of
apertures 11 may provide vacuum. Any number of such aperture circles and

configurations of vacuum and gas adapted apertures are contemplated. Apertures 7,
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the fluid flow (i.e., flowF in Figure 14B) tends to

prevent the reactive process elenents "P" in the
wEe@eeserng region (e.g., CVD precursor conponeeit/B$2009/030996

delivered into the area 1488 from nmaking their way to

the | ower surface W of the substrate W In one

enbodi nent, an additional plurality of ports 1496,

whi ch are connected to a fluid source 1494, are

ition near. t he edge of the susceptor 1405t
o, a1 ey RS i yiemale: OF beiieanuhaU oI enaa ratknes about 1/16
of an fincH, %r&fb‘?ﬁﬂﬂgv&ﬁw Bh s W sdo Bgﬁn MO BLhatdoM 1Y42 of an inch,
gener configuration may be advantageous, since

Basé tplatendsmay Uecfabpb@teﬂhﬁom ai dwtabzbev metediat tlnat gusied potential
bstrat.e fromth cont

f W of ol
soralsfing, & RVELH PRYRICR) ot BN ey S B & S ot Biepte, for
exarﬁp!let heaiRRisk Sstdall - alfshiinohlctal BRsjsdtdrhdbr B ﬁiﬂkﬁtéﬁperature

depicts a perspective view of a substrate support and
polymes: Baéﬁ|m@eak§e®blayemtu@b/ob@|fa@rlqaie@ rone ieb ransparenb material

such! 'ag %%’ hll’-ghe Sé'br‘? rﬁaﬁgn%wgﬁﬂi%agﬁ%\lﬁ%s' b BI% &9 may be

asSe MFoudds®d'HdsE plta

betvvl@lehraﬂdddtw% oalah ihearndgeige hehéstisckd macbrabnyiwdmh/s of an
edge barrier 5 may be positioned. Base plate 1 is an
inch am@ SEES @6@96%@%&.% Lheay brye aP¥Rtpr Bpresparardeetp reduce

the kanfegé’"ﬂf éa&é‘qr &t h{eoﬁggrtﬁ SRSV @ ﬁ—g&gﬁ?ﬁg%ﬁ:cﬁtﬁgws for

tures roviding va uum et ween a rate an
Iaserbdslbngploatmncﬂo machalisg olbeapprtem? 9 andneé. dntmrdi embbdiment, an

the pluralit res arranged in
outef, JRgeia iy B AolpiY IebRSS ARG T A PRIEE g fiavebe a carbon
basedl atedal 816h [ ScbrPBarbRRe tf%t% %hréct b)’er;Slﬂe% t%gg?fgﬂ)ﬁ@'@urface of

an outer circle of apertures 7 adapt e
the haseyplide \ﬂachtmnaliyddUtercrmgcna may dq@eiabmnce’@dermmya beaterial that
and.inner circle of

reauBiS Bt sbralelyng 3 Mace u Rt Uk, Shulisep sroidgen The outer

ring P eid\bE c@upréblets ta8 dppentingatabi i9ase plhte/ R GYUAL Y3d cﬂ%’i’jhes:ves
adapted apertures are contenpl ated. Apertures 7,9,

or bopdinghprasgsses di aneter of bet ween about 1/2000 of an
i nch _and about 1[ 16 of an inch, preferably between
[0125aboufigure 006 ofpiwts | acherspeacttmutiew/ 32 af sabstraieh support and
Base p fro

positiiiay Psfefly ZPrartostRiopemiie SERAURPRGSF dfk inveption. The

subsfated Bisp e laneQiisriB iR iaeBerdbfl/ 20 in@hdedd Bdset piate 21, on which
substrate, for exanple, stainless steel, alum num

the hakclily af liyRearing Qﬁﬂ@ reHers ﬁ.ajw tf@rﬁe&rmmre@gpob@rﬂ@r 5 may be
posﬂ@?ﬁa @grgéﬁ%léter?%sa‘laﬁ easuchr dé/ agwet{ Fr%?/rlhglﬁ dog{er %{'}ngre annular
groovey d25t fc&nﬁcpmhgngamtlelreﬂaiougBal@eetévatee tHe rmﬂosbate. One or more
annular grooves 23 and 27 to evacuate regions of the base plate 21 may also be
present. In an embodiment, the grooves may be arranged in a concentric circular
fashion on base plate 1, as shown in Figure 16. In one embodiment, the annular
groove 23 may be adapted to provide an evacuated region, the middle groove 25
may be adapted to provide a gas, and inner groove 27 may provide an evacuated
region. Any number of grooves and configurations of vacuum and gas adapted
grooves are contemplated. Base plate 21 may be fabricated from a suitabie material
that reduces potential scratching, chemical or physical contamination and/or marring
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bet ween about 1/16 of an inch and about 2 inches
thick, preferably about 1/8 of an inch. The sites of
wapeevures 7, 9, and 11 may have counter bor esPCTUS20E030996
to reduce the thickness of base plate 1 at the
aperture sites to a thickens which allows for |aser
drilling or mcro machining of apertures 7, 9, and 11.
In one enbodi nent, an outer ring 13 may be adhered to
base plate 1. The outer ring 13 may be a carbon based
of thepsiehstate siog ipxample; $ta&6eﬁ~°cahesi oﬁéumtrw metadiatleys.| geramic or a

e r e~of
o SRAAELE AyHRP°Rast A28l FRARSURG o, Bprigated from o
transpetrent aiatéﬁ&ltsucbobmqaanmntﬁmphab scaatecrbltrsg]spbrémenatenal Base

suc ilicon carbide., The out

{
p'atef}é? e E}smtwaew Bk 18Rk 8 inohiis 8o I stoh B errab'y
aloodthf@/sLb?‘%lrpfncfﬁo'*Cﬂ?r%l:ﬂ/@sS 28l 2BoRdY NG PBIRS @t’%vee[rgélé’élt 1/2000 of an

Figure 16 depicts a perspective VI strate
inch sanshaboutaid 6pok aniioei wgda,spmﬁeﬂajombefa\ce@@r abawg t/0000 of an inch

anc B0 o2 B o el Y YR e an nch ano
abmﬂ'ﬁh of %n]mclﬁ’@le\é'E ﬁl‘éfél’é%lyobé'ﬁ/@e'nté/b&ft 1732 obﬁﬁ"h(ﬂgaﬁéiﬁﬁout 1/16
rollers and the thermal edge barrier 5 may

of anpight (Cheeaelsss, e2qo|€t[td92& nMay proayifeagas pawa@wy targ:oms 23, 25,

an 22 4 R0 308, TR0 o S0 B 2 Bt an

abomnm&baangﬁ@mves 23 and 27 to evacuate regions of the
base plate 2 1 nay al so be present. In an enbodi nent,

[0126? he giqauess @@)ﬁld@@ aagsmaggecﬁdhaa VN GEhE 's@up?bﬁ%(ﬁbosmomng
ashi on on base plate 1, as shown in Figure I n one

assemhib@pﬁermmg tm@namﬁnmwm@nbowezlevmyorbelltmrapngdhatdhe thermal

oo BRI KECHR i S0, of B0l &, E 0 et s

barrigf 6Vilsd@n aa!fhnalaﬁtd&t&iyed/hl‘dhgapnaasﬁl’[bﬁrti’aﬂlvttﬁfcuﬂ‘fscﬁlb@@\tﬁé QuUbdtrate 2
configurations of vacuum and gas adapted grooves are
and H@Wﬁéﬁw mp¥emeph o the subsiate withingts paypdarigsed e Hiarmal edge

baméﬁStrﬂQg%e”BEE ddfhnd I%@Eufe%dﬁ‘ucgﬁ aﬂ%%?%d ?{gves%%&ﬁba% the base
chemc d

ysi cal contam nation a marri

platet her &d b§'heaherméloed®daanrpllee5 rebpibel teapeshiaed poaﬂrulmdwuang laser
erature

neatig depaieh Trab aien CErRasTvelyBRY EanPLs: S Paae barer 5

can thuansPasedto ﬂﬁbRNthestHéhné‘lsurﬂHﬁﬁﬁt? ofﬁﬁ@??d)éc—f‘ss ¥ing performed
hard transparent material. Base plate be

on th@ewl@énat@bwedmlmg tl@é edgeilogtesarrdmygoe te thwmxeiscouphng of the

subslé X RS SHELSAL KR WAl & Bl bebB8licaP TSRS gt ha
redu%@ipgb%ﬁlgfsgﬁtﬁré% NefericEE or phesiealaddntaP@ia@na@det narring of
the substrate surface, for example, silicon carbide, stainless steel, aluminum,
ceramic or a high temperature polymer. Alternatively, the thermal edge barrier may
be fabricated as a unitary member with the base plate using the same material of
the base plate. The thermal edge barrier 5 may have an inner diameter between
about 1 % and about 20 % larger than the diameter of the substrate being

processed, preferably between about 2 % and about 5%.

[0127] In one embodiment, the edge 5A of the edge barrier 5 is shaped to form a

parabolic type reflector (not shown) that circumscribes the edge of the substrate to
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and about 1/32 of an inch, and may be may be between
about 1/1000 of an inch and about 1/4 of an inch deep,
wpe@beyan y bet ween about 1/32 of an inch and BODUS2009/030996

1/ 16 of an inch. Channels 24, 26, and 28 may provide

gas or vacuumto grooves 23, 25, and 27, respectively,

and may have di aneters between about 1/32 of an inch

and about 1/8 of an inch. [0126] Figure 17 depicts a
trané_}(arti al sectional view of the support and positionin

gsenin Kﬁcﬁé‘@oh%@%a{ 5 sarsfersd dehupen e edge ioh g subtirate and
the éa%éj%ta oﬁéo 'né‘?oﬁt@ﬁv L%Ikhﬁ?gggjemg@%rg? fgii\rlf)(%_?fseé d@l)écfeconcentrate

nte ase he ther
and/edgptirbaly r@recsenergyrtoahe widge rbgidns i itled salbsthatast
partially circunscribes the substrate 2 and limts the

[0128]0V€rmjme01f8 dé}ﬁc&%bﬁﬁo@llmemmmheteﬁr ibearitped@s rollEhe 3. The air
edge barrier 5 may be | ocated and secured in

bearm %‘F‘ﬁlﬁJ refier g a@%@eﬁéom@@aw&qhﬁrﬁwwf@%m gulstggte paving to

I
contdt {FRRrhMESIELRNE, 24 A bcREhe CHERRS Bl ot on o baso
plateoin gexivesi V& almelamamg)eelf&hmmaisd frime aedgeetiarthatreduceanpotential
used to inprove the thernal Hmformt

t b f the
soralsiiGsShaSRERY el oG e mIRAED SPEL e Myl iy Substrate
surfdc@e f8HENREE R PigH W&hﬁé%t&ﬁe ﬂoﬂﬁ'ﬁ&a'&m'cbmdgf gtdPhite, or

ubstrate. The thermal edge barrier 5 may
alumﬁratrm Aafledting siaevendi e¢|rca1msdm@tesrt@eualedoqmmned@¢ roller 3. The

noarfH&0 47 oLBE e e B B AR B BA RePP 5 hat i
usedCRY hit dRe stibatrateeoshétveeh, a abadThg Positk®r 8t G BFocdsBingNposition.
tenperature polyner. Alternatively, the thermal edge

The 17dF megaringapdge Follsrs chtraay ake aPeiianad, seedr PATts nof ke outer
creo S RER U YBink B SRR i BRRBES ey ) o ne

arrier
therrb@fte!@’lbableuﬁ or Sliginly rabdziy pi’@tr%ihgﬂlg@lthérhm eldge barrier 5. The

therna%lfl e[)g%{%khgnéﬁg%&{og%gg? e::.pg()ge 2(%8 ﬁq%ﬁa p@%]:jgrryatgl ryetaln the

subsﬁH@ﬂ'é@eaé ictdefinat Gre@ﬁ Dhnihe. ?Eﬁﬁpgaﬂééﬁsﬁrﬁ have an outer

shaped orma par abolic type ctor (not shown
dlamet&ttbectweeu @bout besmtdre goge 1HO nhe [Ireimablatb@tween about 20 mm
eive heat that is transferr

;
and BBOGESR T el e BEEBLETRIMLBY st SISyl esuch as

sapphire DrQuBAEZAIPRE | stfmﬁclﬁ@rﬁrﬂeﬂﬂﬂrmﬁ?be%e%ﬁﬁ&bé}féd @rﬁ»‘d adapted to
concentrate and/or optimally reflect energy to the

flow @agetor biyiflnadingf slepee sﬁﬁbs?eq dhat, flogppslepvgumay1®tate freely with

mmnﬁ&l@y&é&a Ia(sp é@aﬁ&hg ) r&i A O{'?II’ %'e[amR d&?grgﬁ?%e%r 0| te‘?éﬁly three,
may behstdad oditiohtthe lshb‘siﬁ@teablbﬁlbrtﬁé mémal rRdgkdarrier.

[0129] Figure 19 depicts a top view of a lower base plate 50, according to an
embodiment of the invention. Lower base plate 50 is an annular body and may
include one or more annular grooves 53, 55, and 57. The lower base plate 50 may
be used in conjunction with base plate 1, and provides channels for supplying gas
and vacuum to the apertures of base plate 1. The lower base plate 50 may be
positioned below and in contact with base plate 1 so that an annular groove 55
aligns with the middle circle of apertures 9 of Figure 15. The annular groove 55 and

base plate 1 thus define a conduit for gas to flow to apertures 9. One or more
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contact thermal edge barrier 5. The air bearing edge
rollers 3 my rest on the base plate in grooves 17 and
woreapoloe2fabri cated froma material that reduceBCT/US2009/030996
potential scratching, chem cal or physical
contam nation and/or marring of the substrate surface,
for exanple, a high tenperature polyner, silicon
carbi de, graphite, or alum num A floating sleeve 3 1
circunscribes the_air bearing edge roller 3. The
annylar, giqqygssp3end 371 farayronising sfackume ayh atsepbefpragent rAnnular
[ ' [ t [ d | f he
rooR g My g 3l Bl SAtbf ciferdt Apah a5 7 ghfahider YRove 57 may
alignpwitie ¢fses inTeermirsid obaperfivesal 1. Iheard egbedpeeritabiter §rodve 53 may
at parts of an outer

b it d t
be aﬁ%ﬁfﬁf'&?@ﬁ&@%?’a?ﬁgﬂf remy Anghanealyved.3annylar jgiopye 5 may be
adaptéd Rot hevREIE Ay ﬁr%ﬂré{/%Péﬁ%%lo%G,t Qﬁdtihﬁéfr%ocﬁ%gﬁ may provide

barrier 5, or slight [Ty protrudi

vacutrefronl aechpmnieh58i énysnumher bheromlesealuk cbafigurations ahdacuum
the floati,ng sl eeve thus, def,ipe boyndary to retain

and GAS AYHIeHLgE0YSS ey SpTenbrialag. Fhfuleush Bagraplgls 50 may be

fabri¢dteatfraie &!RMuBIe3 iat8BAl ﬂ\%\rereauc&ﬂp%ierﬁia@@%?eﬁ&hihgt VYRERical or
about 5 nm and about 150 nm preferably between about

physipal rearda@ingdiont apd/armmatridgnal the subsirdteosutfave, s example,

: ' | ni. , tz. Th
stainiebiek, AT dHE R IR uouf B 5 et
polyrheoWTigashdse pldté 21 anty ngicshamiedy bel falsieatddtirdrh oattidiparent

sleeve may rotate freely wiwth mnimal friction.

mategigt FeFalasyquaH| sarRhirey osfa ARrd beaspane dgierall Thedower base
pIateg{;cgér{%t&‘?lﬁal %emﬁﬁabi@y}/zé oll’sal‘?\dingl‘? AAAEdR thﬁeﬁH]ick, preferably

ate Inside t ermal edge barrier.

abouFilgliokatdnclepbicicves 53)65iawl 67 raay beasetivasa gt a/2000 of an
Lower

e B8 RS TS A mvendon, Lopet U0
and Moutay anawirth, AhAMEP b8 InayBe Ao aHEEﬁh%ﬁg gﬂ?ﬁch and

plate 50 may be used Ii'n conjunction wt ase p
aboub e @fr @vingdsdedmmielesally betweeh ybogt #482 efrah inebuamd aloout 1/16

of any i SERUEIT Banen B o) Bk pli st Vachrm iRarinves o, 55,

and 57, sespdraiveRN aftinthphage eodianidied b&deen d8bdt Ne3aoAgh énch and
circle of apertures 9 of Figure 15. The annul ar groove

aboubH8{AMNRER- pl ate 1 thus define a conduit for gas to
flow to apertures 9. One or noreannul ar grooves 53 and
[0130)57 flogursr RO dienicts asuperspestiué svebe gbr @seupporinand guositioning

0 5 alsign with.the outer circle of apertures
ssseSEANE SuERAI S SR04 BB oo et ARG of e
inventibh chering prRRIsEInge thel dubdimte Peis dldriedBnl fR|tiRG aBHPOY: base

53 may be adapted to provide vacuum from a channel 54,
plate a]nwu$£,(Fl@p(ﬁﬁ,é551§) ryya tayer of fluid positioned between the substrate 2
and the base plate 1 or 21 as a result of the gas flow through the plurality of
apertures 9 formed in the base plate 1, or from the groove 25 formed on the base
plate 21. In one embodiment, to achieve a desired vertical position, a fluid is
delivered through the plurality of apertures 9, or from the groove 25, and the fluid is
evacuated through the plurality of apertures 7 and 11, or grooves 23 and 27.
Different aperture characteristics may be used for the vacuum and the injection
elements in order to build up the required performance in terms of vertical stiffness
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adapted to provide a gas froma channel 56, and inner
groove 57 may provide vacuum from a channel 58. Any
woovbe94208 grooves and configurations of vacuuPCHO20gHE30996
adapted grooves are contenpl ated. The | ower base plate
50 may be fabricated froma suitable material that
reduces potential scratching, chem cal or physical
contanmi nati on and/or marring of the substrate surface,
for_exanple, stainless steel, alumnum netal alloys,
and pesitianal 3REUERGYal s or a hi gh tenper ature polynmer. The
base plate 2 1 nay alternatively be fabricated froma
[0131]r anﬁwﬂenﬂ rmhemad\ibakt)udﬁpbzis theufluid flewpwhicheprayides a cushion

The | o e ate. 50 mm
accoh il ERREhe SR nygRfor ARG & FirdHulS througn,
for ekhimple, dﬁe@ﬁl@é@b'd %b@\kés 25 Bard prsvidetdr aQRONSW cadhion 71. The

55, and 57 ma et ween about 1/2000 of an inch

and
gas Hewpushion &1 e\@aﬁeﬁ" Aebstipige2 bpvgast abeyt berwaed aéwuﬂ 000 pm,
pref aﬁwaqp&wggga%ﬁoup%marﬁgﬁp%dyogﬁng% ‘.%1]% %%%glrﬁ‘gﬂ tﬂ@éubstrate

is eld\/a4e@fabant 60¢im . deegps gxitdfoav AR Inyap ebv@entrabogyt aﬂ:éﬂﬁre@f? and 11
about . 1/16 of an inch. Channels 54,

h
or oAU A ?o@m@n@élx %ﬁeoa%rumﬂttsboyﬂboi@ San gptical sensor,
may%?eddlézo#c?%ﬂ%é'd{ﬁélﬁ ar%%gr}ﬁéfe # o I@hﬁe&)ﬁfo %?:t when

about 32 of anlnc /8 0
the dtibgtrate ?ﬁOatjapprmgtanpleed pedhte.g ewaifedapseppsing Eosition or a

i Qni.ng _assenbl th substrate 2 di sposed thereon
Iowegecqig Qﬁq% ?@”sf?é p@ﬁﬁ@% ment of the invention. Duri ng
rocessin the substrate 2 is elevated and flgati

(0132} poy BOLAHI balsestae 218y, i ope empadiseenisbe of a"b@d BY providing
a pILJtrﬁﬁe{?rof%flarft y e?t‘?ﬁéé Er%}ﬁge beideasas s ﬁl‘al%?ﬁ &2 forqmmng gas

base as a result of t as f
theretthnomlgghotrbtat@ Ithuaf an$tyateftoaqmmuteJ usiodn heatimgl dunng Ipeocessing, as

show BT3By 114 eSSl ARENENI Oh ARV aduial B! Pors 111,

similX€¥d 'tl@@'orfé%séﬁd)\ﬁﬁ in azlbh#éstAM dghd \55 eﬁ‘na&%é’%@ntb’ﬁ@d between
plurality of apertures 9, or fromthe groove 25, and

apertusies 7Qiigiopwe éElQU@jWharwg'lﬂmaéegga rienb tsf support, position

Fhur r r 2 Di fferent .
or o8I bH el gl ST Al B e SER o rratin
the s@bdtrtahﬁ thajphetlignoepenentts ¢an eiuteimprovbWrydutgvdrn®mperature

required performance in terns of vertical stiffnessand

dlstr'%%@rt i Yhdheasubslarlp. drOng1prategeing and prpddes i aNeipus other
prooSSHE 48, AAGELLTEL RO GEIE R A fyrped n e
basefplale 7@ri2d watcromdaweddirigr«:hagimels in lower base plate 50 as described

in relation to Figure 19.

[0133] Figure 22 depicts a perspective view of a base plate 90, similar to the
substrate support 110 shown in Figure 5A, illustrating an alternate method of
rotating and positioning substrate 2, according to one embodiment of the invention.
Base plate 90 includes gas flow pockets 91 and 93 embedded in base plate 90
which are adapted to provide a rotational force on substrate 2. In one embodiment,
the gas flow pockets 91 and 93 are similar to the ports 111 discussed in Figures 3A-

4 and 5A. Gas flow pockets 91 are adapted to provide a counterclockwise rotational
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for exanple, apertures 9 or grooves 25, and provides

for a gas flow cushion 7 1. The gas flow cushion 7 1
Web@9mress substrate 2 between about 1 mm and aPOUUSHODEB0996

nm preferably between about 5 nm and about 100 mm 1In

one enbodi ment the substrate is el evated about 60 nmm

A gas exit flow 72 may escape through apertures 7 and

11 or grooves 23 and 27. Cptionally, a sensor (not

such as an optical sensor, be di sposed on
forcq Hféh'!m@ff Hawdrookgts %5@@6 ﬁF’aP@dﬂOa?f@V m p@gk%ﬁq gptational force.

Eacrfghg‘%my\f)@&ett hGay BBt REEN aff)oﬁ{ 19 af?ﬁ et ?{fdﬂtrﬁfjwl?%&éﬁ relative

sed Pprocessing
to theubp tsudtee tof aasé @tatp@ﬂ Gasrf)ow bﬁd:Bét]s Qﬂo&rad D8may have a width of

abodly G o6 ARoPu il P bopSaiea BT T 5 ekARPUED mm. In one

emb8d@shtitRe RAGH MERLR dbdft 35 rhnd. 0GatliRW PSCIGAS 91 and 93 may have
therethrough to rotate the substrate to ensure uniform

a lengihtaf ipotitid Ongppo eabewe, Neyeferablyhoriweien abauridsmin hid about 50
scusse bov I lurality of
mm, 3BPP§ ehodigiaiing Rrgh ES b T H qur es 344,
be OSI i oned betweep apertures
0134, Footis i peckbieed h afdchy "t%'nﬁﬁadeg%re%%ﬁ?. 843} opposing
ends%’ﬁ’tﬁ@rdockgféséﬁd Qi‘teﬁelr{g"thét\ﬁ&m@f 3%&%*@ Gr%%@éé‘@? and 94 may

here 'are no novin ts necessar for rotati ng
be bstn abeyt Z(harrpland aalholuy 80furpaiaep Elativeato Ihleutopl sqrfan:eeof base

e, D RS M5 b B P Sure wor

and @rmsgmn@db@né@%ﬁéd tdNsrolideva Gfactiam f@beb@n@umbwe&essure
to the ports for in the base plate 1 or 2 1 via

“wellg Gaésqmnuawrahaﬁwéq%sunphemm gm@@Sp%ta@cB%asespectlvely, via

cor R B RPASEEEG e Y kgl S50 B gaon o

Figuteo19hn Su@mm&in@upp@lﬁ flawGosdkevd 9t narfd g8rere SAdially positioned
illustrati nggan alternate nethod of rotatin

d
betvBs) SIeHPRG Iui 1418 5 aHcsR iigch ot Bapgdbsigie 2. and
temph athﬂ? oRUBN IR pERSE B! A tl%)rn‘lélcé $a93r 5! OWithough eight
r? and gg n%egde [ ate @% )ﬁ% %

pockets 9 n base
pockatiaptaedeplctqﬂ canydeumbeotoatpochais arer ccentempﬂatledt Bzytmgﬁlatmg the
ne .enbodi nent, the gas flo

g oc$%t4s. 91 ndI 93 atr eI f th
gas é‘?"ﬁ? eaA ‘fa&“fjﬂbpiﬁﬁsf‘&esﬂﬂgm"é’@a =i Valx. cgntrol of the
subsBaft RAatidRmal! e 8skSlished!. J\Itﬂb@gﬁdﬁﬁi @é’s ¥I8wR5de<bfi‘39ﬁ and two

count ercl ockwi se rotational force, while gas f
gas fe eckets Dhare deipteddntfigyieod? cenyanambek af sech pockets needed

to pr BBt ThieLehte “%8%?5#% RFREEaE o e top

[0135ﬁg;f ﬂgg%of baé(s HP'BY also lnclt%g Je{soWovF\)/ogé(&e?s %%agggtegsto apply
transverse directional forces to provide positioning forces upon substrate 2. Each
gas flow pocket 97 may be between about 10 um and about 30 um deep relative to
the top surface of base plate 90. Gas flow pockets 97 may have a width of about 10
mm or above, preferably between about 10 mm and about 50 mm. In one
embodiment the width may be about 35 mm. Gas flow pockets 97 may have a
length of about 10 mm or above, preferably between about 10 mm and about 50

mm. In one embodiment the length may be about 35 mm.
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about 10 mm or above, preferably between about 10 mMm
and about 50 mm In one enbodi nent the width may be
wW@b@andRs mm Gas fl ow pockets 9 1 and 93 nay PE/ESH09/030996

| engt h of about 10 mm or above, preferably between

about 10 nm and about 50 nm |In one enbodi nent the

| ength may be about 35 mm [0134] Gas fl ow pockets 9 1

and 93 nmay include grooves 92 and 94 at opposi ng ends

of the pockets and extending the width of the pockets.

[013&}y oovers Howqagkets %W@é'rﬁéﬂﬁe@f@%%@@ 'cmd ﬁﬁwaémpp@ﬁmg ends of

the g%l{% gﬁape){tgécﬂhgéﬁ% Ignét f {8 &%kf UI dér?% %9 may be

ooves ed t'o prOV|

betmke@noa@olﬁ 20 ¢ss Wnel abedtl 80 amd @epov@atn%tmrye b@p asdlafpt:eobf base
provi de a vacuumto becone a | ow pressure "well.
p|a"€t?89 :ﬁﬁ@%’ﬁ% &?nﬁ“ﬁﬁ;beoédéﬂﬁﬁltpéﬁo’('gegq 98§é@ bgsogega Messure well
r t | i
and [(FSRRE 0¥ Ehily bY FHAREEARNGII RS VRUE) To bR pllobressure
well.1th ohe epmzodimiatisuehtas @emcifeldaw Fp'gmieeﬁ& tBe YraovkOBormigt of one

arookebiheY iR aie e Tianed wE caslms Pecssts srasreRgeperds from
the %tvéoégt he PSR EmentRAnbResMBhs GHEP RAF Hidhh g?ooves 98 to

though ei ght pockets are depictéd, any nunber
groopgeg 198t @ndrtbue exeding atfette 8y th@@ubatrategtqvmrdgabe fceotey of base

9 d.9 .
plate? 0 KGN oF B3RP PR S STinl e iriRledin oty gapter the
subshet® Rkl PAeE. platd bouditholiye 886 ghkMbwW PeREs 87 lar@ndepicted in
two gas flow pockets 93 are depicted in Figure 22,

FigurugBepnpmusiRel ¢forucht BoGkede egetiad ge dxrpw@lerr@t%ttqr@h spntrgl of the
f |
oS3} bR P P nb S bR e, 28] bl 8 may oo

revetsedapptly tiie forse &f ske flonereg pasdd irf ardiestidn awawflrdm the center of
positigni ng forces upon substrate 2 . Each gas flow

base, Riler 997 Hay BRApXR HKdutPer cuppigddiandepved $8y and 99,
resp?fiﬁ}élyf &liatdotfedp®n I?'F%Eﬁé’nﬁéiéf CI%W%? tﬁ%‘% {J%Iié‘t% 99 4&&Sibed in
ow ‘poc etsQ ave a tho abou
relate@bde d;igymeef®r abl y betvveen about 10 nm and about 50 nm
In one enbodi nent the width nay be about 35 mm Gas
f | ow Alterkats RapidiThehamat AnrnealioghChimbles ( orifiguaatian
above, preferably between about 10 nmm and about 50 mm

[01374 N OFRyRETPIIHEEIBEs 4 RempliRat SedtRinab ficdb ot hindtheMBnbBYdiflent of a
Gas flow pockets 97 may include grooves 98 and 99 at
thermglppricrgsieadeNaspbeha0p deadnd ainaPexradiifeigSuprotiagigPRsitioning

ana el ATty ARSI Te Bli as

utilized withdre a thermal processing chamber 200, the apparatus may be utilized in

other substrate processing systems and ancillary devices such as substrate support
platforms adapted for robot handoffs, orientation devices, deposition chamber, etch
chambers, electrochemical processing apparatus and chemical mechanical
polishing devices, among others, particularly where the minimization of particulate
generation is desired. An example of a thermal processing chamber is also
described in the co-pending U.S. Patent Application Serial No. 11/746,392 [APPM
11194}, filed 5/9/2007, which is herein incorporated by reference.

[0138] Substrate 2 may be radiatively heated by a lamp assembly 216. The lamp
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plate 90. G ooves 98 may be adapted to provide a gas
to becone a pressure well and grooves 99 nay be
w@odmphert7s o provi de a vacuumto beconme a | ow pPERES2089/030996

well. In one enbodi nent, such as depicted in Figure
22, the grooves consist of one groove 99 that is
circular shaped with gas fl ow pockets 97 extending
outmards fron1the groove 99. In this enbodi nent a fl ow

w from grooves 98 to grooves 99, and

assqrﬁlaly 89<§r maesrgm'lfdﬁ G Rivralitye of Unenaygpmiy dubesignt Aewater jacket
asségﬁﬂl&eft_ 8@7&5636 cﬁ"t?ﬁhg % Qeflt?aéég Hﬁé"d‘i flerg%%llcgdee?]wlahmep assembly

e controlTed In to cen
froms wihidhr &t éormed abhereydantie iRE. puédatdtcamjerrﬁ@uraga&rftbotw(e heating

ockets 97 are cted in Figure 22, any nunber of
aSS%UQ'M 16’3@%&?@%‘?’@8@2’6"’?0 provi de rot ational control of
the substrate is contenplated. In one enbodi nent,
[013gr oo \REBNYOBNA RIresio Bl sUbSIraigy2 may eoeyrsibgougiuen aggess port 230.

Insn({ehﬂ'%ec % ngfg b%Waﬂ,gFat eygtzc? 'SQ:% rg%%%&tthg%lﬁ):@‘l %I[I&”BOSI'[IOHII’IQ

ase acuum

ass&mlpipl1|(Edi|§dMSge@@b69e98|®|r@ %%epnﬁsmechambby;ncvwding both a base
orresrgindl ng Z{%Sel s, in | ower base pl ate 50 as
platgje8dr a1 dNe nower AesenPlale B0y kaser plateyd0dr maye bR Pase plate
[ lof i | K
desclEY oyl BB LR hasefRls, oo abi'oRt £ bls Blale 0¥ End lower
basecplatel bowmay bé naadmﬁonaﬂrarpspmemsmamrdh autie as 2Q@Arzasapghire, or a

er TR TP SR P B e
be ré&aﬁ%‘f@ heRRY BB 1akhp bs2&AbY 214 ﬁoé’itlbﬁ‘@d ﬁﬁheﬂe‘éﬂ%ébﬁ%te 2. The

chanber 200, t'he apparatus nmay be utilized in other
radiativeshaaireay thisepasmiireygh dms trandpaieol SLbstyatéesppest structure in

ordef i fafira BUH r%C?SCﬁ“@E T2 Geposi 11 on chanber .

o OB o S e S B BB B BRA S Bnnocta to

filter 2g8L Gas WéttQLfBJh?Hyl YroWiey thel §8s msédrszé!é\yéié Ribstrate 2. Vacuum
particul ate generation is deSired. An exanple of a

may thigeappriiedhicothesiowey basenplete via veawmd@s'mnSbé@? jandt 248. Gas and

vy BB, 56 BB Ry, Byl e avrtrs fr

provih!&fgigzﬁls aﬂth@@p@mﬁdewrrpﬁbﬂﬁﬁfgC\ﬁacd&i&?é S bstweée aBout 5 PSI
e radi ati vel heat ed by assenbl 216. The
and pRbh S0 RSl Preferabl bPH’&q?%@bé’Ubﬂ@r RS tanchebRShEPc B In one

embwipfe?}t: 'the Pr7é dllf?é:rgﬁée =3CRish 4 nl‘é‘c‘,{btfoaionﬁ)vs%r base

tor "and a tungsten ?ogen arrp asse
platevs0 otayilse Has sedrceshooegtemah)-for ttee pogs 1an ream@lhnsegﬁs flow pockets
91, 9%' 0 Ida9r7 Adc} tlonaqy, vacu%m may be applied to the gas flow pockets 91, 93,
and 97, through a plurality of pumps (not shown). Gas and vacuum may be applied
to the gas flow pockets so that a pressure difference between the pressure wells
and the low pressure wells may be between about 5 PSI and about 100 PSI,
preferably between about 10 PSI and about 30 PSI. In one embodiment the

pressure difference is about 20 PSI.

[0141] Above substrate 2 is a nickel-plated aluminum reflector plate assembly

222 that may have an optically reflective coating facing to enhance the effective
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assenbly 1316 di scussed above. [0139] Entry and egress
of substrate 2 may occur through an access port 230.
w0 p@oaerrhie chanber, substrate 2 may be suppore@dukzn09/030996

t he support and positioning assenbly 10, di scussed

above. Figure 23 depicts a chanber including both a

base plate 201 and the | ower base plate 50. Base plate
201 may be any base pl ate descri bed above, such as

base pl ates and 90. Both base plate 201 and

emigshikyr Obéélésﬁﬁ’f&t 8 éfmwt'ﬁ@lywé@l@cw@rﬁqe\t@ﬂst&aftermer described in

com AR ShgR 88 AUEH S RRIDC s Ry 5, 20 o Acams

and ddnas Vildch tdesceptiot r&ainedpmdrbl@dgbw r@f‘ereg&ieygh@m e(Rdjbemor plate
| nbly 2 iti { t

asseRaY S B MALTEA O Ay RUGOYEdDA Begh GHa Jown of Substrates
{ r

may H@Pﬁtﬂ%{)%ﬁﬁaﬁé&eé%@ﬁ@ gggg géltlerﬁal?%ﬁéé“ivfpd]t @8? t[élgdu holes in the

heat a bottom surface ect ed
reflectoripdater base plate 50 is gas inlet 246 which is

connected to filter 286. Gas inlet 246 may provide the
[0140as Usedsysierl desigred firsprogbesifg Sigistuingh (2P0 e piiidoedwafers,

to the | ower | ate via vacuym punps, 247 and 248.
reflegios Blate m?ﬁwagf panapphave & Flipmatera opraladir 89 inches, the

sepa?hﬁér?b@ﬂ%rp%k‘f/%%?e e, PR SRR éf%ﬂ@étgv bgalé%‘\%gg%%bﬁﬁﬁzz may

e apertures provi di ng vacuum na
be tmbween Salrefsit b&l@ndbabd)utS%FPSm dned esyatﬂny dextigvearh fab puicessing

d b ut.. 30 PS di t t
el (A rRRL iR Mareiso e OgopaIae AP ab 222 dpay have a

diamle@¥est st 18 AbReS AnBBSpRPtRRSHSNEEREISHAte Qwvhef Qirface of
the ports 111 and the gas flow pockets 9 1, 93, and

reflegtpr prddiassemaly 322 raylhembetedheakuh 20eand abouiQyan.
flow pockets 9 1, 93, and 97, through a plurality of
[0143punpd hertetnshiatungs aGiocadined vegionsnafespbstratepfl aredmeasured by a

o eSO B2 Pk SRRl L S0, ot

tem;jéfité{tuliaé3 abefifieent alkmMtioSatidrls #dtEsa sl subSPatBS! TemPerature probes
preferably between about 10 PSI and about 30 PS

224 gercivartlight tiom inside phespripcessing fehasnleey thyouploaptizel ports 225,

S 1
whiof brtenfnfibroT Y8, RIT SRLPLE, BrufyPubh Wit H& My 222, wrie
processing aihlayhtreefimtym@al?oﬂfayn@aiét@balt teéh %nhart@m;iela@ture probes,
effectiveem ssivit substrate 2. The optically

only pameeRitthg drekers awgsh@/vm i Flgere dés i tb@deﬂept@rowﬁtﬁﬁwace each
optlcggggtg Aﬂ(}l‘%\\%s agﬁé Efen rabg \Aﬁé%%ﬁﬁrgehslcgggﬁﬁ'{)% ﬂgfgﬁg%eg deliver the
light wenmvepbbattlael dpyicalep@ts i ecdpectven ophedll detectorplage pyrometers),
which are used to determine the temperature at the localized regions of substrate 2.
Temperature measurements from the optical detectors are received by a controller
228 (e.g., similar to the system controller 120) that controls the radiative output of
lamp assembly 216. The resulting feedback loop improves the ability of the
processing system to uniformly heat substrate 2. Air bearing edge rollers 3 may be
attached to reflector plate assembly 222. Inlet 256 supplies gas through filter 286 to

the air bearing edge rollers.

[0144] In order for the optical detectors to measure the temperature of substrate
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assenbly 222 is nounted on a water-cool ed base 223.

Cool down of substrates may be further enhanced
wep®@eny2gs gas supplied by gas input 255 thr oughCTiobmg9/030996

in the reflector plate. [0142] In a system desi gned

for processing eight inch (200 nm silicon wafers,

reflector plate assenbly 222 may have a di aneter of

about 8.9 inches, the separation between substrate 2

and the surface of reflector plate assenbly 222 may be

. [ y
2, WiBpikeRticdaakage ghdighbsifectmg the measurelsinisn brsg glade 1 may
ravd SR PELRS B LIE D SRS 500 LB Gia darcoor
in orgbota abiSorbriight fsakabe froep diatdnom absembbn Thebmiteatieg 23 may be a

t h f. f flect | at nbly 222 may be
carRiiase TRtiel STl UsSTHCetRm [ 0143] The
tenperatures at |ocalized regions of substrate 2 are
[0145}pas HEMDRNa2RNGRIRGI PIPCEPSINEmaRsasIcE thPoBaReaing afkient are
introglhf?cﬂ’%fot b% g*’\% BRARBEF SBOPHbaGE 4%2@?’?’3{%&‘%“ ambient

er ent | ocat1 ons across”t he
gasekefiper atiosse theotops s@ddce exf esubstiatay 2 ahdomaynsiade witte a heated

rocessi ng chanber through optical ports 225, which
subSAG & XCRF S LEMITE TBEL APatiloBS, @edeantion) peroducts, are

with@@SRMbin BreesYib! chaPhiSses60 woeaﬁ'm%nﬁ%tt %;Ei BB{Squ 232 by a
may have about tén such tenperatire probes, only sone
pumpfsysteen gBdbes are shown in Figure 23. At the reflector
pl ate surface, each optical port may have a dianeter

[014e|q>_f zﬁfﬁmm gasés g‘sgdhto Slapaitej (ie}rbdgd:ﬁd wﬁa)e@edakést@r ot kgoove 25),

| I ecel ve optl ports Q . respective | .

rotatg b Gt Ve oo (L By RunBoeksts, Shrrah G ediygiigets). and
i r |

posi (AR B b5 SUBE LIS A DAL R My be e

same gas dsleddast processingigasr Aeinativelyy the gasas mlaydre P28 gases such
ar_to the slystt mcontrol |l er 120) that
ek

fe.d.,.Sinml
as mir%g%pbq@i%,eorraggpgt RIS St 1°%f 1 anp assenbly 216.
oS ERR e SR ek SR R DR Sher o
Gené\fiaﬂ}/,tlﬁ@réeﬂgo%d% P& fo Q%figélr”i%eeI@%ﬁ"&h@fjthteosubstrageswithin the

~ reflector plate assenbly 2 nlet 256 supplies g
interiohvolwgie pf theeghargigen kodyhandiprovide an mytpuigedicetive pkthe distance

| f t.h ical d t t
vetwpfd 1k dlbstRli anfithe 198 ik Frq Bl gl fefearadnayalso be
adap®éd |tb9béteef fties trofgionBf speaguse s tsubshafe ardapRovidé™®h output
have outer rlns% 13 adhered to it. In this enbodi nent

indicgtive phihle hawipst $hesubstede lis eiating pn the gepperdasserobly.

light | eakage fromthe |anp assenbly. The outer ring
[0148] 3 mébelsentioller 228 is coupled to the sensors, lamps, and other elements of

the processing chamber. The controller utilizes the positional metric obtained from
the sensors to adjust the elevation of the substrate so that both the elevation and the
planarity of the substrate seated on the support assembly may be adjusted relative

to the lamp assembly.

[0149] An atmosphere control system is also coupled to the interior volume of the
chamber body. The atmosphere control system includes throttle valves and pump
system 234 for controlling chamber pressure. The atmosphere control system may

additionally include gas input 255 for providing process or other gases to the interior
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carbon based material such, as silicon carbide. [0145]
Duri ng an anneal i ng processi ng, gases for the

wa@nvead42myy anbi ent are introduced into processPE@yUS2009/030996
chanber 200 through a gas input 255. The anbi ent gases
fl ow across the top surface of substrate 2 and may
react wwth a heated substrate. Excess anbi ent gases,

as well as any reaction by-products, are w thdrawn
gas

fro rocessi ng chanber 200 through an anbi ent
volugg: wt%%@ 38 RRAE GQpdiol system r{r@w%f m‘ée@%gege%@dtherma'

depdSid -8 (ééwtroduced via apertures 9 or groove 25),
eprotl atgﬂ%l nyroduced Vi a ports 111, gas flow pockets 91

nd I | , i
w1siac, Amhod' forl ot pBaRtAihg "aid IEYED Me" substrate in the
procbesmge:hamtmrgastdus@@h e mieanay of fige gentrolr! ’@pib@llly\aela/software

ase such as nitrogen, helium

b
routlaﬁ 58@ éﬁf*wmélfqﬁgéngﬁ&@gﬁ ?%%qr@ﬁ]art%‘ér orequipd by éngerapd CPU
(not %e%nfﬁé‘f‘”fg reﬁﬁdtegﬂoﬁgllé@l RS ehg?d elﬁ%QBHN%IIed by the CPU.

nera nsors are a apte

[0151‘iI eV%’e%eﬁ;LoJ h’@‘%’yg%é o oy tbg @thgl&ﬁ% %olngvI Ilgro 8% control

f the cha an an- o cative

the pxﬁsmdfre adtisotation dlethaesnbdthe suittdh aé @r@fz@ssﬁ Cthfmb@f so that a
e base plate 1. The sensors nay al so be adapted t

therrta@& QR Sthek @roeR%S Maie ppeedned. A vl pio6ohm @t embodiments
of thg Jgr\é'sgﬁt AV eRHER dié&%g&ﬁ 'a\ﬁ,goé;ﬂ F@? é?ﬁéﬁt‘éﬁ%%syﬁl‘%étj\fv&f routine,

trate i's rotating asse
somd'ot theo natlodd step@2Bat are dmplosédttbe;dire nsanise perfotragpsn hardware

as will s ol e soIaTT £oatoler B5S-ehol SBSHREETSh ok IRgvention may
be lrﬁb@i’ﬂérﬂ@d #¢ReANArd saddédied Uﬁoﬁ'aec\!é}hbefér@‘%sféﬂﬁ in hardware as

substrate so that both the elevation and lanarity
an applicaien spiestficantegsaiad eircyib or bthesdppo of ha@h@fbllmplm\yem@tlon or

t t he | nbl 0149] An
aco@?y}pgi%ﬁ 0115% ta I%%P&&? X ?gpalal:zecou)plnl et[JI to 1he
h The at
w3 Tl SR oA e -

22 mApiRMuddd ok e@,ﬁ\térﬁiohbn@hahﬂiépewh@reewr|§mpTa§semb| 216 is
atnmosphere control system may additionally include gas

positionegtatxes substigtedi di ng process or other gases to the
interiorvolunme. Typically, atnosphere control system
[0153pr ov Fiese [RAoderssts g s s sf sactibhesf reaippdetpsd positioning assembly 10

and BAREET R el 2 Bl AR b achbeg chamber 200 n
substrate loading mode according to an embodiment of the invention. The air
bearing edge rollers 3 are lifted into a loading position so that lift 33 of Figure 18
provides support to the substrate 2. Lift 33 may be raised by replacing gas through
inlet 256 with vacuum. Once the air bearing edge rollers 3 are lifted into a loading
position the substrate may be introduced or removed from the chamber via the
chamber access port. f a substrate is to be introduced into the chamber, gas inlet
246 and vacuum pump 247 and 248 may be engaged to provide an fluid cushion

before the lifts 33 are lowered to position the substrate 2 into processing mode.

[0154] Once substrate 2 is in a processing mode (Figure 25), substrate 2 may be

rotated by applying gas to the ports 111 formed in the base plate 1, or by providing
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processi ng chanber is stored in the nenory of the
controller, typically as a software routine. The
W@ odove2es routi ne may al so be stored and/ or exBCUUSH09§30996
a second CPU (not shown) that is renotely | ocated from
t he hardware being controlled by the CPU. [0151] The
nmet hod, when executed by the CPU, allows controller
128 to control the position and rotation of the
substrate within the proceSS|n§1c hanber so t hat

gas @Rer KAPUWP 19t her 9BF dlavs Pork§tsnd? rid/er 98d A mrtthsuwpstrate has
reach@& RY gﬁag)%gsrﬁ&ngmglgbgl}%ﬂ Sfvet Bﬁs@rﬁﬁfé‘H | VY ';ﬂ@dét%rmmed

I scusse eing Irnmplenented as a software routl
rotatgoad mfee:dweannleahddsmdansrot:hsmngr@asj|flmlr deed bekar eea’ched lamp

ooy LS e 3 e bbbt gt The tamp

assdnitg tha P heBYgdtfed B'Qi\/\?é@f‘h@gut' % épfaté’&’bﬁdaéncﬁé%bht ¢ seconds,
upon a conputer system in hardware as _an application

pref@pblyu betweentaé)@uaﬂ e@cond twabout 5 sebends. \ihe tahe tze tnap assembly

o erGTRRETFR) 5 8 e SO 4B e RRLSERE e s rocess

gas SharaRkdy. unit depicted in Figures 15- 22 may be used in
a conventional chanber where the |lanp assenbly 2 16 is
[0155|j)OSI By %%ﬂjl?h’&\éﬁn? l{H§t§LFE>%?ra?e eléH Pdht BIIBRioAAnBgHE btained.
Cross section o port and positioning assenbly 10
FUl‘thﬂTmOrre;f lbecagse pﬂ%ﬁa&ﬁenﬁalmt2|2200mtachefv1ti”aph1ei substratd support
[ 0Cess 200 in .a.subst.rate loadi
surtd R R Ao S s At B3 ATy g REr Haat loss may
occub@pbh @bsHaR 2 @bhﬁrﬁ? icatact with ¢I@atlﬁ%§|e%vb(2ﬂdbﬂﬂ|r bearing edge
position so that t 33 of Figure 1 g}eow des support
rollersg 3y hieoweitsyt this eloss s fmlngeah@prru@reau dheyhealpilegsi dgund in
r 6 i.
convggg?ﬁeﬂng gg{ép%ﬁ?é%(ﬁgs \Mglr @a\??@éﬁe %]é:c? bglrbgagmnﬁ% the transverse
direcpoaaltfommtdfq)os:kb&t gzatcepmuorbeubgttate@ml@inqhe rcenmrexﬂ base plate
90. 'fé_romthe chanber via the chanmber access port. a

WEReTMAre, FMARINRLIqNYs I ggg,g%quqaqﬁ%eettﬁgrqzﬁd?ﬁ)g@ntagtagetween the
247 and 248 may be engaged
substra eeénailﬂge aggao\ff&éggmg By TP y gag

to prov hion before the lifts 33 are

15} 01U BB I A, 5o 00 B R g r

inver(tiong witheer2and fethest erabedithemy dfehe dinadraidnbinag g y!emged WlthOUt
as o theatgaorts 111 formso||_|n t he base plate 1, or
depa%m "AMHgg Rasin acRR ke elo ThESCORE af itagyvinpseriends glehermmed by

the cRIVAE WhatFBlloMf ter the substrate has reached a
predeterm ned el evati on above base plate 1 and a
predeterm ned rotational speed and a desired

processing gas fl ow has been reached, |anp
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assenbly 216 may be engaged to performthe heating of
the substrate. The | anp assenbly may be engaged
whedimeenr7about V of a second and about 15 secoPEBS2009/030996
preferably between about 1 second to about 5 seconds.
The tinme the |lanp assenbly is engaged nmay depend on
the substrate to be processed as well as the process
gas chem stry. [0155] By rapidly rotating the
substrate even heat distributign may be obt ai ned.
Furt hernore, because subs IS not in contact
Wi th the substrate support surface uneven thernal
Whidt pS$BRSmagaskept at a mni num Sone thermal heat |oss
may occur upon substrate 2 coming in contact with

1 fl&%&b@%ﬁiﬁigﬁeﬁnge} Cgfnpaﬂsgn‘gpeari ng edge rollers 3 ,

ver ['oss™Is mmni conpared to the heat | oss

f oal sdbstratemrp@ohl condbrisind atpladatitysefprets Kaviegenswy nisre

m ni m zed by applying the transverse directional
apefyeg é&at&aﬁbd@%wg aoffow ef Huish frera PnsudrdnpEs Bow canirpllers, wherein

eact Qleth‘éﬁqﬁr%'iltﬂgf pﬂﬁﬁe uceg)t%g)to L é 'P@&ﬁved fluid in a predominant

contam natron'ls re ecause t ere i1s no
flow bletoweEmthah és soltbesane anthd pecbuppamtflmdﬂatﬂlgn oi[ ibeSddher

ile the foregoing is directed to the preferred
P'Uf%‘?bbeﬁ MHt of the present invention, other and further

enbedh&Bithat i rﬁdsh%nbawsmﬁémfbrrrﬁa Bgmeﬁ\ef%%e agt:ﬂgwakposed

departing fromthe basic scope t ereo pe o
overtﬂh@ suhﬁeateusmpppﬁ that ierdispose doyithine poaessing hegion of the
WCLAII\/IS\{% Is Clainmed Is: 1. A processing
procgﬂ%ﬂ%gp ing: a substrate support conprising a

pl al&@htlréllérQl’ﬁatﬂ@ ChRfi\deting recsivea dighs fmmé%&%drwd is
each receive a flow of fluid fromone or nore f

| 0
adaptemia epnteeldhe wasitien wf #2e pulstraty @ymmmralllwh@ﬁlogo¢&®e fluid

dellv%fr:egd d@&gg{ﬁgf P“% Oﬂbléaeﬁr Lok S&’tg ﬁﬁﬁ{t‘ﬁgdorw ¢'|1 Hﬁk&g%oggo I%ré.

predorri nant flow dlrectlon of the other plurality of
a sensor that is positioned to nonitor the

2. Bo & Proigessing chgpier of El9nsh durleroREPPIHRIS Ubst r at e
UPPGnh thaaik dd gﬁécﬁ_@)ol%% éﬁ@ bredubé %ﬁﬁﬁh‘ég)r[)sgéé?ﬁg Pgion to

t e processing a controller th
a preseufd lgas dtan etmespdierie paesswrabndrom t he sensor and i s

the substrate support further comprises an isolation feature that is positioned
to substantially prevent the received fluid from flowing into the processing region

when a substrate is disposed over the substrate support.

3. The processing chamber of claim 1, wherein the plurality of ports essentially
comprises three ports that are each positioned relative to a center point of the

substrate support.

4. The processing chamber of claim 1, wherein the radial component of the
predominant flow direction delivered by each of the plurality of ports is generally

directed away from the center of the substrate that is disposed over the subsirate

support.
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adapted to control the position of the substrate by
controlling the flow of the fluid delivered by each of

wo b@opdaral ity of ports fromthe one or nore fPOIMUS2009/030996
controllers. 2. The processing chanber of claim1,
further conprising: a punp that is adapted to reduce
the pressure within the processing region to a
pressure | ess than atnospheric pressure; and the

5 gstrate sup r| ses an isolatio

t furth
%Péoct%ét”qp%‘r urtr‘?f : H"Cﬁj oVagedn ahicast Pye pt E\%Wif”amy of
porté Rsyé %‘}:&E&&q rfajn‘t”flgwfdr%rf)m%tr&ds g%é Qﬁb&ﬁé}‘é%%t&% about an

regi on en a substrate is disposed over the substrate
axis $hadps gene@lly pEngerplicdeski mgr@mm@rswtaael afiarsuhstrate.

wherein the plurality of ports essentially conprises

three ports that are each positioned relative to a

6. Ceﬂﬁ@bré&és@hg@haﬁﬁ%r&iﬁf@érfrﬁt Bt tHe sd’ostr-ﬁlt@support comprises
processi ng chanber of claim 1, wherein the radial

an optiegllyrieansperentireatsrielioni nant 1 ow direction del i vered
by each of the plurality of ports is generally
directed away fromthe center of the substrate that is

7. di ApesesksintethdrBers ¢bRiprigirgy: support. 5. The processing
chanber of claim1, wherein at | east one of the

pl aPlIrality ohpops thal ars\aslapter indergmaravida aflow ofdkid tma surface
of a Surf8US reﬁmﬁresb’tggélii)ﬁfnep&‘t’s E&In%t,lgeabout an axis that

I'S genera y perpen to a processing surface of
a substr at e.a first poe thabrses&mlpt@l tthackae the fluidiromla first flow

wherein the substrate u comprijses an optically
tr anspa?%'ﬁ'to IghaRd dipct t%e%ﬁg Fb%g'glq’@cﬁ%nber

conpri sing: AsPédH; ocafnbrtll’t}ét geébt%dttBQ’E &lLE a"’\?ﬁt@?r%% £Qecond

each provide a fl to a sur ace
subst r dtay comigolsr mndrdirgsit theaﬂlurdyn afsqmndsjrmchpm i aw a

first port that ted . t celveth Q
firet Prow aftrdpotfRRisaa et adsys aiuid fof 4 MG fow
di r ect i (yhtrofle FE6@ AHeHONE flUithin 4 thiRFAREABNt WhefSiRiaY it a
fluid froma second flow controller and direct the

fluid irprior et thedflaw pelivids dromaitfie plurdity @f perts aréadapied to

adapt e [ third flow
cont roldﬁdg?) quhl re?qﬁtt Lllt e%%ﬂzﬁe athird direction,
whesensorahat ie askiti@npditod Inmmt@fr thdpositionvod thd subdiié tiyposed

the plurality of ports are adapted to
within a processing région of the processing chamber; and
a controller that is configured to receive a signal from the sensor and is
adapted to control the position of the substrate by controlling the flow of fluids from

the first, second, and third flow controllers.

8. The processing chamber of claim 7, further comprising:

a pump that is adapted to reduce the pressure within the processing region to
a pressure less than atmospheric pressure; and

an isolation feature that circumscribes at least one of the first, second or third
ports to substantially prevent the fiuid exiting the at least one of the first, second or
third ports from flowing into the processing region when a substrate is disposed over

the plurality of ports.
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support of the weight of the substrate; a sensor that

is positioned to nonitor the position of the substrate
waele@posed wi t hin a processing region of the prpCEES10N4030996

chanber; and a controller that is configured to

receive a signal fromthe sensor and is adapted to

control the position of the substrate by controlling

the flow of fluids fromthe first, second, and third

flow controllers. 8. The processing chanper of claim
9. 7, 7he ProRaSSERhEharEberpe! ﬁélﬁuﬁpwhﬁ@en the @%tc@mwem of the
predoRSHES ﬂ(ﬂf dﬁé&ﬁﬁ%l&i\)@'ré@ bg chbR orf)H?é:é@?élﬂQ of ESHQ% §&&ally
pressure | ess than atnospheric pressure;” and an

dire¢tedlastaydrorhdbe gester lvhthe sulesirade thdids disposed siventhe sifbstrate
the first, second or third ports to substantially

su Ffﬂrgvent the fluid exiting the at |east one of the
first, second or third ports fromflowing into the
processi ng regi on when a substrate i s di sposed over

10. t héhg precsssing dfamlestef arim Theheredt tesplotplihaipeits epmprise:
e ‘ o
o B i R SR PREDE st s opygervoe

and Blrestaheficdin therfirst digecieneral |y directed away fromthe
center of the substrate that is di sposed over the

s ulbstsegeed AABbAL is adaptawd fcsiesiierlyic Harbie sscopddlow
COht?O"GY"gﬁE%‘iI%C{ {E%Jﬂhéilfrﬂr{eté/ec%ﬁwdfb(?fetcﬁﬂﬁ;onpr' se: the first
por at pt ed

I's ada 0O receive € fluid fromthe
f i thetthird poridhat iscldapitediitdredieivecd fltiderdrh whel third fidve controller
first direction; the second port that is adapted to
and diredithe ﬂPng'nftBﬁit@'rq Sﬁﬁ?ti% second fl ow controller and

di & €siintH b6t thdtiis abiBpici8o $664808 aHiui§ frblPA: A6 doptrol

poérit tha‘?&?s aollagt e%l tgorggcgi%gqy(?ﬁghggg?%@n?t%e tohitrf)cier and
diredt thaanflgiorin mdiobgh dinedtidn rwleereirhtheffirai, decond Hbird kinddourth
fourthdgort that is adapted to receive a

direc?i'phg%trc%a ?‘?RH“Z‘“P&M% O control l er and direct the

f 1 alfifih bBriahhoidrddaptdd RCldceve aNGHgHdm it fléw controller and
second, third and fourth directions are not in the

direct #eflvidrie etfifdndirectiont @Rdport that is adapted to

recei i fift.h.fl |
St A b 0 R A ol e anc
direqp eiid flbiibdin ai sixthdieiction twheiretheecamponirtt Jf tiogrtifth sindtdixth
. flow controller and _
directions that are projected on to a plane that is generally paraile! to the surface of

the substrate are substantially parallel.

11. A method of processing a substrate, comprising:
delivering a flow of a fluid to a plurality of ports, wherein the plurality of ports
comprise:
a first port that is adapted to receive a fluid from a first flow
controller and direct the fluid in a first direction;
a second port that is adapted to receive the fluid from a second
flow controller and direct the fluid in a second direction; and
a third port that is adapted to receive the fluid from a third flow

controller and direct the fluid in a third direction, wherein at least a
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direct the fluid in a sixth direction, wherein the

conponent of the fifth and sixth directions that are
w@e@peeeesl on to a plane that is generally paredT/E52009030996

the surface of the substrate are substantially

parallel. 11. A nethod of processing a substrate,

conprising: delivering a flowof a fluid to a

plurality of ports wherein the plurality of ports

conpri se: rst port that is adapted to receive

fluid f p@moal qf thgtﬂow Flluidmires therplla'ﬁatyonfmts aerﬁeadapted to

fluidi gg@péljt ket ngd['hﬁé ﬁ%ﬂ?uﬁ%é‘?&ond port that is

adapt ed receive rormm a second fl ow
copbsmbhleng asubdrate ovet e pﬁlumhny ofpatswadack dispeséd oma

and, a third port that i apted to receive the fluid
proqersémga(eglﬂW%f%P?ﬂﬁeé%'ﬁng |a r’and direct the fluid in a
ﬁ&.t@ ih§ Hhé E?suhm% ﬁHé‘ {sudRfthld 8i@g8§e(§ b\@hm Py
|UI s fro e p ura ports are adapte

procaspplgrr‘egtdmebwmegbt seﬁsotr,‘rmdsubst rat e; posi tioning a

ai S0k dlite ot B itk naliptno ERoatoling tadfify of the fuid
delivtadhomm tHEfvst, @elchAd tAIR] Rel pdrbplisé BetHRASG . t he

substrate di sposed within the processing region by use
of sensor; and controlling the position of the

12, SRR ROBLEARCPY IR Eetibhelh g I bltanigp
directih @dlivehed Bgeaoh of b pllkdityref horts if éﬂeﬁtai(r:? ditecttbaway from
radi al conponent of the predom nant I ow di rection

the ¢rnter el tbe spstaienthat istppsitiangdaver yheplusality of perts.
generally directed away fromthe center of the
substrate that is positioned over the plurality of
13. poAtraethba of proeddsoty akubsteatessomgrisingubst r at e,

rlSln |t|0n|n aSUbStrate I N aproceSS|n
EBationng e SlauelE M & BrheshBo reaiey &P iheos ng ke
wheha o Bhsakh b pIﬁ%ﬂ‘t;ﬁ@PQéJﬁ?c%th&pk QBSichOTAMRILPEn @

processing surface of the substrate; delivering a flow
processiagfsurfiade ob thenseastatemor e ports, wherein the three

t od?lng/[\?glp r@gw %ﬁgﬁ@& E);]I]hgee; H ﬁ{or«? fpéhst vnl eréin tr?edﬁﬁ'ee or more
ports comprise:
a first port that is adapted to receive a fluid from a first flow
controller and direct the fluid in a first direction;
a second port that is adapted to receive a fluid from a second
flow controller and direct the fluid in a second direction; and
a third port that is adapted to receive a fluid from a third flow
controller and direct the fluid in a third direction, wherein at least a
portion of the flow of fluids from the three or more ports are adapted to
support the weight of the substrate and none of the three or more ports
are adapted to direct the fluid in the same direction;
supporting the substrate on the flow of the fluid delivered from the three or

more ports;

57



controller and direct the fluid in a first direction;

a second port that is adapted to receive a fluid from
wa@:2@eoond f | ow controll er and direct the fl ui dPETIUS2009/030996

second direction; and a third port that is adapted to

receive a fluid froma third flow controller and

direct the fluid in a third direction, wherein at

| east a portion of the flow of fluids fromthe three

or nore ports are adapted to ort the weight of the
SUBYTaEIBS heipfivhien of Meredes pEERGIC AL HisppScc panin the
proé@@ﬂ%ﬁ@g%@ﬁ%&%%}%o@f g in the sane direction;

supporting the substrate on the flow of the fluid
detowigoling fheopositien thiheeedge ofthe spbstratenimncontrolling tHeeflow of

ositi.on of the e of the suybhstrate di gposed within
the i3 e drdry B E RS Ssphisand il il ShdRcsigtal tecelvad from
the €§é6Hyorol 1 i ng the position of the edge of the substrate

by controlling the flow of the fluid delivered from

the first, second, and third ports and a signal

regpj : [ h f.claimil3,.
14. nLFe HEkE BF Ll £ Ihcinifle 5008 BihPRi ot 3hé bRdgipinant
flowdiireetidn asliviabd greadhyf teaehreefortmieret purteisAene®dlly diIfcted away

is generally directed away fromthe center of the
fromstb%ﬁné&r@ftt%%tSUPgtr@péb@fslé&detWQr Himsulhsitaie supports .

15. The method of claim 13, wherein the three or nore

ports can be noved relative to a substrate supporting

15. suThaaosethbd ohclaindi3s pdeesinithe threeproc@esiorts ¢cagbemoved

relative to a substrate supporting surface which is disposed in the processing region.
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