13 JAN 2005 -1- METHOD AND APPARATUS FOR DECHUCKI NG A SUBSTRATE BACB(GQOQJb\dE)
OF THE DI SCLOSURE 5 Field of Invention The invention rel ates genera] AN

nmet hod and apparatus for lifting (e.qg. ,_ggchuckl ng) a substrate from a
substrate support in a sem conductor processing chanber. 10 Background of

the Invention Liquid crystal displays or flat panels are commonly wused f

active matrix dysRk@ys SKED d LSl N tOLS.

General ly, flat iq%g‘nel S conprlﬁggggmlﬁt gl §§§ p?%?gg&#iﬂ%:ggg #é@/’%TR‘BFEI i qui
crystal material 15 sandw ched therebetween. At |east one of the glass
plates inclgidesmiuNeasst 0ie ﬁﬁq@_w fil mdisposed thereon that s
coupled to a power sourceé. Power, supplied to the conductive filmfromt
power supply, changes the orientation of the crystal material, creating
pat t er neds 2G- (5l sy - Irg]ﬁnﬂc ahyication process frequently used to produce
flat panels is plasm anced chem cal

enhanced cheni cal TR@pbrvekbber tiolrtes geererdlly eppheylkecd t andepppatat s n
films on a suhstIaieisyCheas. 2 bahuckbnppng s%s%‘%@t%o Ccomél !ﬁ%géﬁate

Pl asma enhanced chem cal vapor deposition is gener a
i ntroduci ng SPRRECUE A q?ﬂ@%%@?&ﬁ%@@eﬁhﬁﬁéﬁrwnt ains a
substrate. The precursor gas is typically directed through a distributio
pl ate si iHatﬁdcﬂ‘ePr t%u 0B, of he chanber. 30 The precursor gas in the
chanber i's energ(-f é “Into a plasnma by applying RF power
t he chanmber frorer{nel@r cmyrse:aRF éDspb&;&s caupl édato piarechamrer . cdieoniy

excited gas t f I on ur ce

substrate t h%%é(?ssfp%lgl tél)(g)ér?ﬂgi O%}{%{ Heht en%%jb% rat se&l s%%por?gﬂlﬁﬁgﬁadand
frame and opt¢beialsiom mengdarss i Seneval b, t hf balgh droleds | morpe iseppbwe
the edge of dfigss SUDSHEY € HaR iReVaNt 1460PS1 & 0N Bl fd1e SyRsthat fa8e£g8

that 15 sandwiched therebetween. At Jleast one of the glass plates
includes at least one conductive film disposed thereon that
is coupled to a power source. Power, supplied to the
conductive film from the power supply, | changes  the

orientation of the crystal material, creating a patterned

20 display. One fabrication process fregquently used to produce

flat panels 1is plasma enhanced chemical vapor deposition
(PECVD) .

Plasma enhanced chemical wvapor deposition is generally

employed to deposit thin films on a substrate such as a flat

25 panel or semiconductor wafer. Plasma enhanced chemical

vapor deposition is generally accomplished by introducing a

precursor gas into a vacuum chamber that contains a

substrate. The precursor gas is typically directed through

a distribution plate situated near the top of the chamber.

30 The precursor gas in the chamber is energized (e.g.,

excited) into a plasma by applying RF power to the chamber

from one or more RF sources coupled to the chamber. The

excited gas reacts to form a layer of material on a surface

of the substrate that is positioned on a heated substrate

35 support. A shadow frame and optiocnally a purge gas is

routed through holes in the support to the edge of the

substrate to prevent deposition at the substrate’s edge that

may cause the substrate to adhere to the support. Volatile

or

d

he
a

vapor deposition (PECVD). Plasma
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may cause the substrate to adhere to the support- Volatile 13 JAN 2043 4@2005
by- products produced during the reaction are punped fromthe chanber
t hrough an exhaust system After the depozition process, the substrate is

lifted (e.g., dechucked) fromthe substré&afe support by a plurality 5 of
lift pins di sposed t hrough the substrate support. The lift pins are

actuat ed upward contact_ the backside of the substrate and raise the
substrate ab(K/eFW% u%%s??%‘?“éce%d%ﬁdﬂg FMfp P T mumachi s Posihe on,
a substrat e chamipsf erhneedianis mxHapitcahlstem bl ade coupled to a robot, 10

nmay be positionedy t sub strate and the substr suppor t The
lift pins are ret rgg{%\g Egleeréllﬁ\%’pr'f’s TS s st T4t glﬁ tﬁ@gFFﬁﬁE?erlsrreJc’rﬁtrﬁ%m
that i s now f€e@. todﬁéhbvbeqihefrsmbsheatsabfswateh(suppoeessdynga chanbeYity

During the 09g;ti-0 o t y 15 residuall
attracted tggf)hg gt}bg?{r)lgét)eegg %’)?‘tg ¥ %r% éﬁ edfga S u%?rg%t%l g‘slﬁﬁof)gcme ﬁgl?%g,

charge gener &t iy Rdasmaze e§0§ﬁat§ﬂeumgﬂsatt@ doentact hehei fiaarkerice iof
mobi | ity betygen shoRs radkd SLCctLo8s ‘@hteh'éhﬂsh‘ﬁrégéasgﬁovgymh(\ean% Ybst émre

active and nobile el ectrons reach the substrate in greater ers

the ions, reSWPYPhY Fn'BReEt THAIE -acchrtiMatitbif H’ﬁélté%%umfﬂ aﬁ’é’éStrate
el ectrons onttaessebstieatend siyr fiage Jaaaingat beadpl asmlleasutsd s d Nrdvot,

correspondi c umJI atl on of.p tive har on the substrate's backsi de,
creati ngeg s a)? i pe ¥ Rt P g?%\ﬂ%ﬁnt ﬁg‘esLi%’g?srtdstaeteanan‘?héth?ub?tﬂf’ﬁ’fﬁate
support. 25 ﬂsppthvetl [ fThgl bsfbegimstaréi fettaetsdpslieatind ronet hebstrate

substrate SU{PIQO'itl'Je E%eaf@f]élerm%gg%\g?s f(tj;rhg% ngsﬁg‘gt Gdde Cro N8 JLILON

bet ween t he ft pins) remains atftrac Substrat e Support, causing
t he substrat 8uPstbahe i\somh’éhqeumocepﬁwq:manﬂnﬁer to nove farther away from

the substrate 30 syppagt thEh@e{39£§€1§§p§fé‘éé§§ t e SQ‘Q@&E@&@e flﬂ&m bbEome

substr at sugg % Xercomes the static attraction allow n t he substrate
to regai LPURL Al P CPRERER O sTRYhERPSTEBRIRd SERras tHRF sEbatPhte
I S support eddbyihye plddme®pi peobBssing, charge generally accumulates on

the substrate due to the difference in mobility between ions
and electrons within the plasma. Typically, the more active
and mobile electrons reach the substrate in greater numbers

20 than the ions, resulting in a net charge accumulation. The
accumulated electrons on the substrate’'s surface facing the
plasma results in a corresponding accumulation of positive
charge on the substrate’s backside, creating a static
attraction between the substrate and the substrate support.

25 As the 1lift pins begin to lift the substrate from the
substrate support, the center region of the substrate (i.e.,
the region between the lift pins}) remains attracted to the
substrate support, causing the substrate to bow. As the 1lift
pins continue to move farther away from the substrate

30 support, the force separating the substrate from the
substrate support overcomes the static attraction allowing
the substrate to regain a substantially planar or slightly
bowed form as the substrate is supported by the lift pins in
a spaced-apart relation to the substrate support.

35 However, if the static attraction is great enough
during the dechucking process, the substrate bows
excessively before the substrate becomes completely
separated from the substrate support. The excessive bowing

of the substrate may result in cracking, breakage or other



a spaced-apart relation to the substrate support 35 However, if the $3atANQ005
attraction is great enough during the dechucking process, the substrate
bows excessively before the substrate beﬁgmas conpletely separated from

g

t he substrate support. The excessive bow of the substrate may result in
cracki ng, breakage or other 13 JAN 2005 -3 danage to the substrate and/or
mat eri al Ia%earmsa or devices sposed on the substrate._ Additionally,

| S : Y.
excessi ve bow Hg of -t HeSsubePT Bt &-FrafPCab% e A& HRVGTS 0 O3 | davices
slightly ondismdmtksi dehof shihet subst r BE@1 t 5681 DN NGxddes Sebshéat gy and 5
I ncreasing t p LLify.of particul.ate neration that.  nmay. cantam nate
t he subst ratég?eoré%?ﬁg%ggébrsn%yatcéas‘lsesu seeqhgﬁfl 91{}?05855‘33&% %/}P@%E"Ha}frb%‘?
The static dthe deasdlonidaycbetbpssipatedtby isttraadidingg tis aswss fxstedafid om
an inactiye gasddsiAe ¢RAMDSE 0L h 1 0g pracess.  Th

pl asma redi stributes the char goes ai(:fr]%c S t%ﬁelgﬁggf%%%gmd%nrﬁ%%ﬁl&gq hghat
static attrd®@Y on CHEIARERGhe st r ubsdrgtiche oubst pahersuppobstrahes

process for dgshiedniéht Ne StaddSsad LirAGHON MRS sclosed in  United States
Patent No. 5,380, 566, issued June 10, 1995, by 15 Robertson et al. Although

as little as two SeCoRibtdf 2EXpBSHERNt avhd | dsHaBFeRAOY r dRtrREucing
i nactive gasImgmdbefommedighrém £h SisiqadRvestadd cimt thacth@mpéer agsiagdeak! ow

the substrate be dechucked wi t hout mage, it.is desirable to rocess
t he subs??aﬁe%gL?%kﬁréngﬁogﬁgﬁs asl%g‘SssEi’ %‘g%naefiés’éélﬁilﬁ?ﬁi ztg“et hEhgrges
consumabl es atkdERs gasessubedraduei ngmipintessgngthdheseboie, therectsoa
need for a sybstsate %ﬁppogﬁbg pr nt XCESSI W he .-
substrate during dechucking. %%%Mi%@ C]E—hgwgﬁﬁ%glag%e gggﬁ%#()f rtrpljés
i nvention gefeRe$y pPoVrEEScangsubst s&RE isupdmacissantwas fdisshippedting a
substrate dwhiged States Patent No. 5,380,566, issued June 10, 1995, by

15 Robertson et al. Although as 1little as two seconds of

exposure to the plasma formed from the inactive gas may be
enough to dissipate static attraction forces and allow the
substrate to be dechucked without damage, it is desirable to
process the substrate with as few steps as possible and to

20 minimize the consumables such as gases used during
processing.

Therefore, there is a need for a substrate support that
prevents excessive bowing of the substrate during
dechucking.

25
SUMMARY OF INVENTION

One aspect of the invention generally provides a
substrate support assembly for supporting a substrate during

30 processing. In one embodiment, a support assembly includes a
substrate support having a support surface, a first set sof
lift pins and a second set of lift pins movably disposed
through the substrate support. The first set of 1ift pins
and the second set of 1lift pins project from the support

35 surface when the pins are in an actuated position. When in
the actuated position, the first set of lift pins project a
greater distance from the support surface than the second
set of lift pins. In another embodiment, a support assembly



30 processing. In one enbodiment, a support assenbly includes a sulpgt jaxt605
support having a support surface, a first set sof I|ift pins and a second
set of lift pins novably disposed through the substrate support. The first
set of Iift pins and the second set of Ii1ft pins project fromthe support
35 surface when the pins are in an actuated position. Wen in the actuated

position, the-fiBsk %etlpftlﬂai%t@i REaR! quﬁﬁacg]sng{ﬁ?t et distance fromethe

support surface than the second set of n anot her enbodiment, a
support ass®ABEyPeZoyAaNCoDb8CctingnEhadescend et phatkliithartircont acts t he

first set of liftrn phAgchekorgsgont acki ngedde seeand get of kiddndd N$oy! N
anot her aspect  of the mvegtlon a nethod for dechucking a substrate from

a subst r at e SETPHGKE Es SpPYPEHRAES BIPR BnSUSFEEATReSUPPORE it RF@®YirAeRudes
thefstepsf% Oﬁrlprgjrfy:tiéiig:)caijfrdé’rﬂi, se:lth_efaf Ihétmobcpi nﬁnﬁllﬁtﬂé%t dhst aggepabove a
surface of a_substr.ate suypport t i.ft.a substrate, and . .projecti a
second set &F PiFt*pEné glgé(‘,‘oﬁﬁgdf’gt iﬁgg BbBve® &H§s§urdfl§é: taﬁ’ ve a
substrat e sEppdece haf izs bebsttdaa tduppb@tfi tst Mdifst ancesubatanod hemnd
enbodi nent set Lift pi ont:act .the s tyate if th
Substrate bgm%%%?g%%?ﬁa%eggég egg%erc’?ﬁ Eééﬁa%g%t a %ﬁ?&%&%ﬁ%ﬁﬁeﬁb&e
DRAW NGS 15 thise swaldiagst otheheupssgene isvwoosritortlodn be feadi Itpan the

under st opgl by ,Gensidethnget hef obhovh oy detaidigdndesciidt is@Ronlin set of
conjunction with the acconpanying drawings, in which: Fig. 1 depicts a
schemati ¢ sectitorRiP%i 8FRBRCBNENC2G ORGSRt ofP% 5%%%%%?%gbewénﬁ@reof

t he present dhaerd medeterhindd bmoantexagger ated sectional view of one
enbodi ment of a substrate support depicting a substrate being lifted from
the support; Fig. 2B is an exaggerated sectional view of one 25 enbodi nent

of a subst r aire FUIEECR IdeRion igFg DRASKNGEr ate being lifted fromthe support

wher ei n :tLge substrate i s bowed

The teachings of the present invention can be readily
understood by considering the following detailed description
in conjunction with the accompanying drawings, in which:

Fig. 1 depicts a schematic sectional view of one

20 embodiment of a processinQ chamber of the present invention;

Fig. 2A 1is an exaggerated sectional view of one
embodiment of a substrate support depicting a substrate
being lifted from the support;

Fig. 2B 1is an exaggerated sectional view of one

25 embodiment of a substrate support depicting a substrate
being lifted from the support wherein the substrate is bowed
beyond its normal sag;

Fig. 3 is an exaggerated sectional view of one
embodiment of a substrate support depicting a substrate in a

30 lifted position above the support;

Fig. 4 is a flow diagram depicting a dechucking
process; and

Fig. 5 1s a sectiocnal view of another embodiment of a
substrate support depicting a substrate being lifted from

35 the support.

To facilitate understanding, identical reference

numerals have Dbeen used, where possible, to designate

identical elements that are common to the figures.



beyond its normal sag; Fig. 3 is an exaggerated sectional view of one 13 JAN2005
enbodi ment of a substrate support depicting a substrate in a 30 lifted
position above the support; Fig. 4 is a j#_ow di agram depi cti ng a dechucki ng

process; and Fig. 5 is a sectional view of another enbodi nent of a
substrate support depicting a substrate being lifted from 35 the support.
To facili tab%ﬁ&%e pRILRG ol BENLiGRLrEEference nuneral s have been used,
wher e possi bl'€, esi gna ' enents that are common to the

figures. 13 JAN 2005 -5- DETAIL DESCRI PTI ON OF | NVENTI ON The invention

general ly provid suppar.t .. and od for dechucking
substrate that a?%le:d?/ggggggéﬁs %P St 1 f?}'?\‘él‘g

E¥ubst PHPECF b ag%ttr ate

support. Théndhwesitiash for i d¢aisiglatioeh ysdbstrabed thakowxen d@dmteimdso a

pl asma enhanggd | vap ti yste h_as | asma

enhancedr%(;hem caﬁhgg%glr% 5 oglh%)lgg%Q?%’ C?/{I?)SjIﬁ ét;%nﬁlgggﬁ%ﬁ ab’f H o Aﬁ’ie
di vi si on of %ﬁqté@qva%%r4 1 @styafelveln @aﬁt—aﬂ@@rhel@al |1homﬁfarelfkme\xe:r
it shoul d be uymcaingd %aﬁé@i Eiénd SVENGL 90, héépHEhl:hBM s sQLher L &0

conflguratlons such as mg?%y cal vapor_deposition systens, ~ ion inplant
systens, etcéh ‘Fﬁ‘éthWEbﬁ?ldé’ﬁBgFt i o Sdyrd oBIs Pﬁ%nyskﬁtlf@r
systemin \Akamlla}:ﬂle ngrcan sHks! I at @ivisibhom @ s,ppﬁéat HaHHHIGN s | SInc

d d. t I f nmb f | a
ennanced: Sheaal I Geber o T oM sy s CRNETSS. T S694tem °our8%«=r£§
i ncl udes a dhwther the2 caupt@'d:lt@ a gess souride th04. ilfhe cdwaindaer

|1s 106, d h
valls 106, & bati@pANBANT-a0na ) dogosentl y A0 halbofet Lugoa %,9&_

vol une 112. The “process vo
(not shown)i9th Jt“ﬁéla\nél | S S[teang . haﬁttffl’aﬁysth%im%s PreRreient ‘@amlhede@msuw e

140 into andsyoittendf LHAE ehgMhIhd02sydhEmWal Syhich 1ifting a substrate

15 from a substrate support is desired.

Fig. 1 is a cross sectional view of one embodiment of a
plasma enhanced chemical vapor deposition system 100. The
system 100 generally includes a chamber 102 coﬁpled to a gas
source 104. The chamber 102 has walls 106, a bottom 108 and

20 a 1lid assembly 110 that define a process volume 112. The
process volume 112 is typically accessed through a port (not
shown) 1in the walls 106 that facilitates movement of the
substrate 140 into and out of the chamber 102. The walls
106 and bottom 108 are typically fabricated from a unitary

25 Dblock of aluminum. The 1lid assembly 110 contains a pumping
plenum 114 that couples the process volume 112 to an exhaust
port {(that includes various pumping compconents, not shown).

The lid assembly 110 is supported by the walls 106 and
can be removed to service the chamber 102. The 1id assembly

30 110 is generally comprised of aluminum and may additionally
contain heat transfer fluid channels for regulating the
temperature of the lid assembly 110 by flowing heat transfer
fluid therethrough.

A distribution plate 118 is coupled to an interior side

35 120 of the lid assembly 110. The distribution plate 118 is
typically fabricated from aluminum. The distribution plate
generally includes a perimeter mounting ring that surrounds
a “dish-shaped” center section. The mounting ring includes

a plurality of mourting holes passing therethrough, each



106 and bottom 108 are typically fabricated froma unitary 25 bl ock ¢f 1AN2005

alum num The |lid assenbly 110 contains a punping plenum 114 that couples
the process volunme 112 to an exhaust port (that includes various punping
conponents, not shown). The lid assenbly™810 is supported by the walls 106

and can be renoved to service the chanber 102. The |lid assenbly 30 110 is

general ly conprised of alum num and nmay additionally contain heat transfer
fluid chann@§SSPeGuMVETItRG FRENLLBAPEFEEYT EDgf (e eRcs desens ynatimchy
fl owi ng heathdircarisf ehe filid &dshareihnough. phedigdiidutd it iRratigchlBiess a
coupled to an_i terti side 35 120.of the lid assenbly 110. The

di stri buti oA 1%t *the §5&2 tyxgwr@ém MG atFP IS At RiSTTheases

di stri buti orsyrdtied gdmremal kel nghsidesowrqer iRt ear@OUAEL hgeféAg tdatthe
surrounds " dish- ) t section. The nmounting ring.includes a
plural i ty5 o%rr%gue?\% ng %Mesf%%'sgrrl\% Pﬁ’é?%%’f%ﬁgﬁfega 199 A\ 2Eeu on
accepting aRéited hdunsi mprddewethato threatde i nhafarmatdirg rikeiteé ohn dthe
|1 assenbl ol Jhes £R0! ¢h: G Ahd NaLLPsLa:; BRT LALLE £ eanthr quah

whi ch process and ot her gases sSupplied fromft gas-source 47 ar
del i vered t FR#®F prlcess vol ume 112. The perforated area of the

distribution platenhti@elds £@HbdHUT eGsMNiOViZe WY f @Mt (i byt &ous of
gases paﬁ in .éhroq%gqt e distrihution plate 118 into _the _chanber 102.
heated ShppOF-HIL At HRSPS Wehnt r ANY TISTSe SRt H3F (R D
102. The suppdrdtmssentdy 838isgppevtesaingubstTiat e shffodur iaxg gpidgessing.
The support Iy, 13 g I .S fabrica fromal unm.num. ceramc or
a conbi nat igge?%%a]l&um %ﬁm gr%gﬁ’g(e:lraé%dc a%%’mt yp%%%ﬁémfl‘ncl gg&ég}dgk vglé’(]::uun"’}1

port (not showryinsddicat dfeasturcmeire ryetdedreat iagl 16veleneht IBluddwe a
vacuum por t \}éc&lﬁﬁdgla?tap(@ld‘c %H&&W%@eta%eﬂeé%h%ﬂgstér%eedée@ ROGk i ng

support assenbly 13 securing the substrate to the substrate support
assenbl y123& 9 Hy 1pPocesTifg VEaheR®T hg 16l eWeRE £32, 2BRER & BRCUUM

el ectrode between the substrate 140 and support assembly 138, securing
the substrate to the substrate support assembly 138 during

processing. The heating element 132, such as an electrode

A

disposed in the support assembly 138, is coupled to a power
20 source 130, heating the support assembly 138 and substrate

140 positioned thereon to a predetermined temperature. In

one embodiment, the heating element 132 maintains the

substrate 140 at a utniform temperature of about 150 to 400

degrees. Alternatively, heating lamps cor other heat sources
25 may be utilized to heat the substrate.

Generally, the support assemply 138 is coupled to a
stem 142. The stem 142 provides a conduit for electrical
leads, wvacuum and gas supply lines between the support
assembly 138 and other components of the system 100. The

30 stem 142 couples the support assembly 138 to a 1lift system
(not shown) that moves the support assembly 138 between .an
elevated position (as shown) and a lowered position. Bellows
146 provides a vacuum seal between the chamber wvolume 112
and the atmosphere outside the chamber 102 while

35 facilitating the movement of the support assembly 138.

The support assembly 138 generally is grounded such
that RF power supplied by a power source 122 to the
distribution plate 118 (or other electrode positioned within

or near the 1lid assembly of the chamber) may excite the



di sposed in the support assenbly 138, is coupled to a power 20 source 1501,AN2905
heating the support assenbly 138 and substrate 140 positioned thereon to a
predeterm ned tenperature. In one enbodi_gent, the heating el ement 132
mai ntains the substrate 140 at a uniformtenperature of about 150 to 400
degrees. Alternatively, heating | anps or other heat sources 25 may be

utilized to fegds (hessebed 1ol SndRRSsAdY v NES UPPONLC BRSEITDL e 18ober e

coupled to a Stvﬁb 14% The stem 142 provides a conduit for elecCtri
| eads, vacuudTaT rT]g>z€1s 3BpPRY [FhReSiBEFWERAIPRePSAPROALS - as S| §F 188wand

ot her conpongatsrailyhrasyssem FRQquERey3Q Skl coUpLES ythe S UPPOoIH
assenbly 138 to a.lift system (n shown) that noves the support assen%ly

t
138 bet ween dan “e7eVAt e poRT YIS ast B hotn) "ahtESE | o%%%@bg%si fpBn. the
Bel | ows b46sppovides auvéeveanmseal et ween dwdihamer ol upBwdd 2scahdet he

at nosphere o [ anber. 2 ile 35 facilitatipg the nmovenent of
t he support g%%e%%l% ??%@ %edgégpof\rﬂrkt]eqﬁléegg%@o‘i% ggﬁagaﬂrﬁ‘ﬁl&a&rcﬁm 24
such that RErpewercyuppkesd aty kegowehasoaboet 122 Miz t herefisdalblpubboat

plate 118 (oppot her s@lpeady-0des,RPsit i d An thi or. n e l] S |y
of the chanber) may exci tezqt he 13%2%8%0(1;\5%@%5% égs?“%l%;p&oé;e%i'%%t?gegg&

process vol utd ¥B3" fRYGEehaPhE depior3 - Hsdeiml y 138e afiteahendies r havt ben
plate 1180 ThexBF pawetwarigbneral | yihayvipgravérequensy af besmeen aghew,Hz
to 13 MHz or highe eis rovided. in a wattage suitable for the 5 substrate
surface area>“Ph Bﬁé enﬁg‘ﬁ’l :ﬁ@‘i’t F RSB SRswerP ceS FPOUELMhRi Sy @Pelifal ¢
frequency sokWceshiit mihevi Hegha fiomudragqueneyrpoier aafodtess than sabrwt 2
e (et ersbbiealott 200 L8f00 SN AL R G ILRIUEneY BVEL B s
10 fixed or ®BafFpabrepronflingt dacisa@$y,of okner SHEENMMIX BEGmmatsulssitzeat e, t he
| ow frequency powetei s ﬁﬂ&rt& SdQn@Qut P3g kwa il £t ey NI 0B EEEaLENCY
power is about 1 to 5,1I§ G%n%r;}?vl I%/, thelgg\_/ver Tr|1_eqU| 1r'legen sf ecreiaqsse or
i ncrease Wi tﬁll’CUIHSCIl ing sna rame e shadaow rame is
configured to cover the edge of the substrate 140 and is
typically comprised of ceramic. Generally, the shadow frame
148 prevents deposition at the edge of the substrate 140 and

20 support assembly 138 so that the substrate does not stick to
the support assembly 138. QOptionally, a purge gas 1is
supplied between the shadow frame 148 and the support
assembly 138 to assist in preventing deposition at the
substrate’'s edge.

25 The support assembly 138 has a plurality of holes 128
disposed therethrough to accept a plurality of lift pins 150
comprising a first set 180 and one or more other 1ift pins
152 that comprises a second set 182. The second set 182 of
lift pins 152 are positioned radially inwards the first set

30 180 of 1lift pins 150. The 1lift pins 150 and 152 are
typically comprised of ceramic or anodized aluminpm.
Generally, the 1lift pins 150 and 152 have respective first
ends 160 and 162 that are substantially flush with or
slightly recessed from a support surface 134 of the support

35 assenmbly 138 when the lift pins 150 and 152 are in a normal
position {(i.e., retracted relative to the support assembly
138). The first ends 160, 162 are generally flared to
prevent the 1lift pins 150, 152 f{from falling through the
holes 128. Additionally, the 1lift pins 150 and 152 have a



a correspondi ng decrease or increase in substrate size. 15 The squPrAN s
assenbly 138 additionally supports a circunscribing shadow frane 14é mﬂ
shadow frane 148 is configured to cover tdhe edge of the substrate 140 and
is typically conprised of ceramc. Generally, the shadow frane 148
prevents deposition at the edge of the substrate 140 and 20 support

assenbly 138ré@pé@@lvéhesé¢tﬁ§ir&£rﬁi dole@ NQncst i1k t exclh@;suPPeElcagseshl y

138. Opti onal I | i ed bet Ween t he shadow franme 148 and

t he support é@ﬁ%& gg@ g %@%l% U prasesRs g déposition at the
substrate's edge. TBE Ihétsuﬁmrtla@ssam)l ysd3Bahamcdeplty ad i pys ot i b0l REeA28

di sposed the h to accept a pluralit f lift ns 150 conprising a
flrot set 1900 aAACHHe Biev, BRG, i’ Bronkat’ mor  PhE° Siihes arattng
set 182. PhelsBeoridh sehelgztalated f popinsod52 tiuce poBE t ipdmed T3 @rbyect

I nwar ds t he et 0 pi S d

are typlcalﬁigg%ﬁ%n€§§%]ég%eéﬁéééé%rggggélze&ggL%%éﬁn?hgegﬁg)?? m$§%
lift pins 1581&RdPESL Ivave TrExisadtlivue e stirsdndzetl 608 Ginef 152L € heingr 450

substanti al | ynEhusbsW thrae 8ki ghbky regessedihiom-sUpPRRL! PYfiagentds
of the support 35 assenbly 38 when the lift pins_150 and 152 are_in a

normal  posi PPEHAEASe. Of ettfifct &S el | VBPED thfsuptit as3enbl 2 188F.

The fi rsuoendmba:aezmeiaﬁiz ahe geﬁgtahéy fgared U.Qftpb&mentl51Dh&rﬂcllfu.16epleﬁ@h3:50
152fromfallln%throu hol es 128. ., Addi.ti onal | the lift
3 5

and 152 haveP3 ngre%%?e’é?l vBPEEEHd énd 1B A 156 gxf‘endl g
beyond an updemll@eleiiz@roklmheesappbrsldsseriblay 188 .- shided isfosgiragel5@nand

152 Iy MOVeahBrRROSLIORiMORD, agkualadyhere ! Nes Pl ey pﬁ%ect%iﬁ@mltsbe

support surface actuat ed position, I ns 150 proj ect
farther fromlpﬁéu§t§*p|c¥d‘10t S iy a@éﬂ%azp?e#awqqﬂa %eeb‘Fh%r%ldq?l pf i FersEr
Typi cal I w5 t be fth@stsuwor@gs@,gmbug,t 1pgnNs 150 includes three or nore lift

pins that are pOSItI?n?t plate 154 is disposed proximate the underside
126 of the support surface. The lift plate 154 1is disposed
below the second ends 164 and 166 of one or more of the lift
pins 150 and 152, respectively. The lift plate 154 1is
20 coupled to an actuator such as a pneumatic cylinder,
hydraulic cylinder, lead screw, solencid, stepper motor or
other motion device (not shown) that is typically positioned
cutside of the process wvolume 112. The 1lift plate 154 is
connected to the actuator by a collar 156 that circumscribes
25 a portion of the stem 142. The bellows 138 includes an
upper portion 168 and a lower portion 172 that allow the
stem 142 and collar 156 tc move independently while
maintaining the isolation of the process volume 112 from the
environment extericr to the chamber 102. Alternatively, the
30 motions of the lift plate 154 and support assembly 138 may
be controlled via a single actuatoxr utilizing a spring ang a
motion stop that controls the relative motion between the
lift plate 154 or support assembly 138. |
Generally, the 1lift plate 154 is actuated to cause the
35 1ift pins 150, 152 to extend from the support surface 134 as
the support assembly 2138 and the 1ift plate 154 move closer
together relative to one another. The support assembly 13¢
may move closer relative to lift plate 154 either by the
support assembly 138 lowering, the 1ift plate 154 moving



outwards of the one or nore lift pins 152. In one 10 enbodi nent, the firstu
set 180 of lift pins 150 include eight pins grouped in pairs wher e AN 2005
respective pair is positioned proximate_gach side of a four-sided
substrate. In another enbodi nent, the second set 182 of |ift pins 152
include two |ift pins positioned to either side of a center 15 of the

support assemhly,-d38. ¢ Ilifiitrﬁjela%t%f 'éll%gll il%wgi_é%&s%q R Qximate the undenside

126 of the support surface. ate i s di sposed lebs'eﬁ o%jafrhethe
second ends 1®¥eBiRp 168tef ofndher sunmewsf adretihIy 1pBnerls0 aebilsion
respectivel ypndhesfift plate 154 is 20 coupled to an actuator such as a
pneumatic cylinder, hydraulic cylinder, |ead screw, solenoid, stepper

nmotor or other nBtFon devieRifhbt BKonrTLeRbreR’s ©fpi et | pupsSrEeneto

outsi de of theipgoceFtaw! ot the dJhepdift RIFeel5434S oORPRCt 8Gpport he
actuator by a col I@r igg t%at Ci éﬁumscri bﬁ§ 25 a gortion of .the stem 142.
The bel | ows 33BTREY udag - aFelEhFel YportS o el68UBRAT: PSREFLHYr t1h 199e% hat
all ow the steosdd2rahdcred|as 156 tml amy d S4ndependeidty s | 280 naf nt af hi ng
t he isol ation: rqQcess vol une 1 fromthe _.envirtonnent terio o]

t he chamber ﬁb’gg E?t% ePCr:?a%l vaeﬁ%/,g%rﬁ%r%%lz% PBAST of PERe T tsepqogie&e< %% g’%‘gd
support assepbl yii88pang 1b&@ ewmt rwinted teida by gihwglld factpiattor U4 | befogea
spring and arp80LLEALSt QR+t ntygls Jihe redativ :QnL b eflpd h

lift plate 1%_4 or _squorgt tagggrrt%?y 11]%§ ,ﬁéeb%erg?%, ?Rgnltleﬁgtplesta%% £I8564 ?E
actuated to tafisePthe 138 Fhvs §ftrpPAsbirabothe ExeBnEher SHPPAEL sGPpEREE

surface 134 as4 the sUpPotheash@yEdnack38lamdriheidd f bephiabeed54 oee eheser
together relative to o an(g]% hﬁr The suq%g)rt assenbly 13E _may nmoyve _cl oser
relative to FIFE-pPate 54 ¥ t hef CbPiPRe T QuppbriihseeBiiFarss | dwer FhG™
the lift plateelSdppovingutr3adANi2@05the wheates, soend fdetpl 82 dH641ift

| overing 3l 8;pat§shess kae e 1ieeNed Ay OfheaYPROLL 333EBLY.138
the difference in length of the lift pins 150, 152. In one
enbodiment, “L" is at least about 2mm.
Generally, the substrate 140 has a bow as it is lifted
from the support surface 134. A portion of the bow below
20 the plane of the 1ift pins 150 defines a sag "“S”. The
position of the first set 180 of lift pins 150 relative the
center of the substrate 140 is configured such that the sag
“S” of the substrate is normally less than the distance "L~.
Attributes that effect the sag “S$” include the over-all size
25 of the substrate, the substrate’'s thickness, the composition
of the layers present on the substrate, the distance between
the 1ift pins 150 and the temperature of the substrate among
other factors. Thus, as the substrate 140 is lifted from
the support surface 134 by the first set 180 of 1ift pins
30 150, the substrate 140 is prevented from contacting the
second set 182 of 1lift pins 152 as the substrate 140 ,is
lifted further from the support surface 134 and the second
set 182 of 1lift pins 152 begin to extend.
As depicted in Fig. 3, once the substrate 140 fully
35 lifted from the support assembly 138, the second set 182 of
lift pins 152 protrude a distance D’ from the support
surface 134 while the first set of 1ift pins protrude a
distance D” from the support surface 134, The distance D’

is less than the distance D” such that the second set 182 of



thereof. Fig. 2A being lifted assenbly 138. depicts one enbodi nent of the
substrate 140 off the support surface 134 of the support Generally, 4 JAN 2005
t he support assenbly 138 noves closer relgjive to lift plate 154, the first
set 180 of lift pins 150 that are generally |onger than the second set 182
of Iift pins 152 are contacted by the Iift plate 154 before 10 the second

set 182 of 1|1f§t PbDEs 1922 Themdik st18gt 130 ole ldibhcpPhipe 1Dl t BUSexkgnd

first the fromthe supfort surface 134 to |ift the substrate 140 by its
peri neter. sErEB8t OfsFhst FBROM: nguiSecextiéfd FT¥Sst @sce e
from the smﬁmﬁr&ﬁf&@@ 134, tLhetshorfesmseaqnd ss@hbol82 ab=bibiy 15 34 ns

152 contact t.he lift te 154. "L" y al esent the diff ce in
length of tAG 1R p‘fﬁ% 480, 15729 Yo @h‘f)ogg%@ pins| (}j.& 4 tt%?s%rs]]t 1hout
2mm  Genef algiyns t hB2sulestemat eoddld hae alinwrasd t146) | ichted ﬁdcnmmige the

support surfﬁcgoalgﬁl@ pgfﬁakorkhf éggt wa ?gkg\évn#?st seg %é% c%fr tthe Mét

pi ns 150 defines a sa osition i°f t pi ns
150 rel ati vénaheoe o%ihlf%t‘rdéﬁdt he subst rate 140 is configured such that the

sag "S' of the subsgigiecdd DOIFBL! YoR eSsed DAt Neodisd apgeen Lis static
Attributes that effect the sag "S" incl'ude the over-aII size 25 of the

t
substrate, tHeRHsteRt ePEPRPRK s SUPEREAEBNPE ti 8RS CTURRRE Y ajepembly
present Do t1B8 subayr at:eustahetﬂest anbetbat:weeM ot he dd f tbga Nshdpbh@ndthde

tenperature of e substrate anm or“ , Thus, .as t at e
190 s 111t A ere et S poe e adkeategl By i T &, 180 P
pi ns 30 150,r¢$ve:'hs&|bsfoad:es 1dﬁe| grpaevemneq}zf ram cccmtrm:ti [ ﬂ@ffh@lexste]@onble set

182 of lift g %?Zye&s é}ﬂ ‘téatset %%5 @%E%&%W&é?gé %gﬂ&tﬁ_'%ual

support surfac 47 and t econd ins
extend As dep? cls @hSW@CGS"Lon%% the sypsirate 1.1_41@ fus| §llfe§d| fremdtheom
the suppest agsesbtysddBacthezgeegndiset 8 Ofet 180 of 1ift pins 150.

At this point the second set 182 of lift pins 152 contact
the center portion of the substrate 140’. As the lift plate
118 and substrate support 138 move closer together, the
second set 182 of 1lift pins 152 contact the substrate 140
20 radially inwards of the first set 18C of 1lift pins 150. The
second set 182 of 1lift pins 152 lift the center portion of
the substrate 140’ overcoming the residual attraction
therebetween that is generally concentrated at the
substrate’s center, thus preventing the substrate from
25 Dbowing beyond the predetermined amount of sag S that may
cause damage to the substrate and/or layers or devices
deposited thereon. As the substrate 140’ becomes separated
from the support surface 134 of the support assembly 138,
the substrate 140’ is no longer subject to the residual
30 forces that created the sag “S$'” and returns to it normal
orientation shown in phantom in having the sag “S” wherein
the substrate 140 no longer touches the second set 182 of
lift pins 152. As the 1lift plate 254 continues to place the
1ift pins 150 and 152 in the fully actuated position, the
35 substrate 140 is positioned in a space-apart relation to the
support surface 134 as depicted in Fig. 3.
Fig. 4 is a flow diagram of the method 400 of lifting a
substrate from a support surface (e.g., dechucking)

according to one embodiment of the invention. Starting at



lift pins 152 protrude a distance D fromthe support surface 134 while

the first set of lift pins protrude a distance D' fromthe support sur fldcgAN 2005
134. The distance D is less than the digtance D' such that the second set

182 of 13 JAN 2005 -10 lit pins 152 remain clear of the substrate 140 once

the substrate is free of the support surface 134. Thus, as the substrate

140 s |11 tedcbpomobhesuipposd, as5enbly r138, 5 maﬂ'ffﬁ{?ﬁog&@%s LRgagtt

the lift pins, g - 5 pins 152 fever tou e Substrate
thus reduci ngt fie 15& o%éﬁl IePctt3?’1fiﬁ§t & hélgeht 62 spenreond” of rohe subsprate

140 may be sorahehedsfmafdapsgfaﬁ@lrtna§é,&nb1%!3 13@si duaki£Qregs (éugl%céﬁd
static attract EE’% é&tvﬁﬁ%a SUbS\ENE te 140'" and support assenbly

may cause th&-su PPhow bePofd FHEIEE It eF AT Pled ghﬁﬁﬁ{lce D’
i ndi cat ed Sy f¥&h itheFi gupértl fsutrliecer asac:duaf febieC esuBser tgr 8ate/PBOVWgh 3 801

cannot suff e SC S.". Qf the s trate_ 140
becones gquialebﬁtg%g%[%g tq;t g@é as t gggﬁ'gst ldf?ce "4y rQEI?F?ec}C’FPSﬁiﬂt he

15 support suﬁfiaéé1Y34DWrtdI$e offj r@te skirg9i80set MOt gfi nsift50pind\t 160i SAt

oi nt the se 1 f t C r n . of
Itohe substr at EQB%OSQGAS%@ Fébéﬁ%pgeg ]l%% %dﬁg% S ?gltseelsr%zg %?l?%@g t%

cl oser toget RBPSTERES sdddnd idet B2 o%'eﬂ‘ﬁ‘tlajpl n3tY52CEdPR ac EFW§e§ub§bﬁate

140" 20 riadi aubytirawar d$4of the fthet Sebpdi80 afsddddlpi NS gl5Qaukee seeond
set 182 of |If£sglrl’al§ 1 ft the centergort on of_, the s bstrate 140
da

over com ng t he Tesi ttl}aaceugn S#her weEfet Hit9 i s 2fdnefdbpy to a
concentr at eddatﬁfehencsubsttwaEa sheefifest atdisserev@niiswpridewes substorate .from

T T

to the substrate and/ or ers or I ces
substrate 14¢ eﬁ@@@#es"@@ﬁar aﬂ@ﬁositmth@f%@porﬁo%urfad&ﬂ&smaﬂwe 500

support assegRhkrhigy - GRe SUBMIAME MG 1510 d0N065 SHREeckykRehne 100

resi dual 30 rces.that created _the sa S" and returns to it nornal
descfibe C % referenceg to f'. 1-3 except wherein a

support assembly 502 includes a first set 580 of 1lift pins
506 and a second set 582 of 1lift pins 520 that have equal
length. The 1lift pins 506, 520 have a first flared end 508,
20 522, respectively,A for 1lifting the substrate 140 from a
support surface 525 of the substrate support 502. The 1ift
pins 506, 520 have a second end 510, 524, respectively, that
extend beyond an underside 530 of the substrate support 502.
A lift plate 512 is disposed under the substrate support
25 502Z. The lift plate 512 generally includes a rim 516 that
projects above a center portion 514.
When the 1lift plate 512 1is actuated to elevate the
substrate 140 from the support surface 528, the raised rim
516 of the 1ift plate 512 contacts the first set 580 of 1ift
30 pins 506 before the center portion 514 contacts the second
set 582 of 1lift pins 520. The difference in elevation [D”
between the rim 516 and the center portion 514 causes the
first set 580 of lift pins 506 to protrude from the support
surface 528 before the second set 582 of 1lift pins 520. The
35 difference in elevation “D” is selected to produce the same
result as the difference in the 1lift pins “L”. Optionally,
the 1ift plate 512 may be used with 1lift pins 506, 520 of
equal length.



orientation shown in phantomin having the sag "S" wherein the substrate
140 no | onger touches the second set 182 of |ift pins 152. As the 13%”2005
pl ate 254 continues to place the [lift plgi 150 and 152 in the fu

actuated position, the 35 substrate 140 is“positioned in a space- apart
relation to the support surface 134 as depicted in Fig. 3. Fig. 4 is a
fl ow di agram of the nethod .400 of lifting a substrate froma support

surface (e.g., ' detHuCREAG) 1% cditfi Mt BB SiifodFHRMEE ¥ t RO | ﬁ?@hﬁ%
Starting at i3 FAN.2005 méy SkepHfdZayul referd i pgrberFi g Inetthddd St reet
180 of lift 0 ed a .fi.rst distance D

surface 134 o?éjgﬁ]é%% orlqt gg? g 4 138 1RO 1 ga%%lf:onaﬁe E‘gfgﬁa‘é‘?
lift pins 1524@r eléxtéhdéﬁ aSse*GUﬂ@l dtst anhbe Dbuﬁpbrbm aheembp)por1138urb=_ace

134 of the sypgeLs sel ge%gé c;:gg&
pi ns 152 ar eﬁl ocat Jéﬁé rﬁ%ﬁ\%gﬁltnh @V#éé{’he fi rst O%q%) %g?’%}% plitﬁg
150. At stepS408-SYHESeEHRY sB1at - 8heofsyhsirafins1482 anht sdstaidution

substrate 14f1ktet he1g esiruabeabi-hacyi %Mé&@e&bbh% 18pgubsd r 31"6?)0149&1@@(1

th t th to h S" Fi
e suonort SRR Kodoh e o O D s 0

(D'-D =L). FpyedStdepiotd aneicees endwgsirmnir<ofbatpéasmabenhansy tehepocal

vapor depe@si st m 509 raIIy i s substantjally
Similar ot ReEs e B0 Sscry B Th oY er SR o R o PA xtept the
wherein a sEppeErodssdmdl.y Go2edyr| gduponeht s st wtletchSBm obrki feuntmdnslenSOG

and a secondmgt 3R Qe | bE1aRb NSina? Grlritis ehaélﬁde%@rogle%ngtg're-r@%pb'l
pi ns 506, 52 ave a first flared end 508, 20 522, respectively,

lifting the $UB%tr&t e9280 PABRTa TSuppbft BEPFEEE 52828Pthe %What éhe
support 502. aTkerlibhtiocp B9 a%@6,11832@ chaan £ egiebandnHlfir 24, RF power

502 A IF LBl apBPBIS0, o ar Eh08edt HRder T e BUDLTT at Sdbportt 287802 ehe
lift plate 5$2pgeme-rass§zmbhlemcﬁ% &ori hobi6 & haflasma from the gaseous
mixture. The gaseous mixture reacts to form a layer of
silicon nitride on the substrate 140. '
After processing, the substrate 140 may opticonally be
20 subjected to a plasma formed from an inactive gas (i.e., a
gas that does not adversely affect the layer disposed on the
substrate and does not cause additional material to be
disposed on the substrate) for about 5 seconds to reduce the
attraction between the substrate and the support assembly
25 138. Such & process 1is described in the previously
incorporated United States Patent No. 5,380,566.
The support assembly 138 i1s then lowered to allow
removal of the processed substrate 140. The lift plate 154
is actuated to extend the 1ift pins 152 and substrate 140
30 above the support surface 134. If the residual attraction
between the support surface 134 and the substrate 140 cauges
the substrate to sag a predetermined amount, the second set
182 of 1lift pins 152 contacts the substrate 140 to free the
substrate 140 from the support surface 134. Once freed from
35 the support surface 134, the substrate 140 rest on the first
set 180 of lift pins 150 in a position where a substrate
handling robot may enter the chamber 102 and retrieve the

substrate 140 for further processing in other equipment.



proj ects above a center portion 514. Wien the lift plate 512 is actdbidﬁ”g%s
el evate the substrate 140 fromthe support surface 528, the raised rim
516 of the |ift plate 512 contacts the fio3t set 580 of lift 30 pins 506
before the center portion 514 contacts the second set 582 of lift pins
520. The difference in elevation "D between the rim516 and the center
portion 514 causedfthboe friesstiusdt B80 aaft ilonf thgrivwiserbOthd osppebrudeyfronat he
support sur e re, on et.b582 of lift pins 520. The 35
di fference i%ﬁglé%%?igﬁﬂgﬁghﬁgﬁgéﬁgbtgéato‘%réaﬁ%eE?ﬁ%“@hnﬁo r G8UFE atPthe
di fference i AYPREFRFEL LRI FRg' Lequasht Fenahky di sthecki L pl atlee S42comy bet
used with liig2Pigts 506: B2Bs0f1520M e 3 rife! 1
operation,5 t@g senicondui?%r substra?ge%4%g§ggfétééﬁyi%Qggérégenﬁyﬂ%eand.
YRuRBBRObT L RRY RodsmaPerthesesmi es, to deposit a silicon

processed™in
nitride |ayer, thalshbaghatthe 148aéBihdé Slorsecns eghric@chie supporioassagbl y
138 by 5 proyidin vacuum t her ebet ween. The _support assenbly 138 is

el evat ed sucﬁéghagegﬂesgaggt?% e iﬁ%ygﬂﬂdd?%t??ﬁgf}ohn Bl Rlesiregeghgnced
general | y betherhcaboveprsd0 depos@oni khambpart thitke tXret W ohet et
substrate 149:}4s ekguated redst nig%Q- oc enperature between
about 150 to 400 10,deg?eeggggﬁg?us pf?%arl y‘%% p%@%? |é%%%%me%nto°%ﬁ§r
el ect r ode 0139¥Oeg88bd €BAPBRERL Shahwhirtripetate citodisentt hafti péhadeo

si | ane and asepaiatandanidus0emtar ErouPPhi eduphbP 8086 RANg 40 the1
process chanber through form a gaseous

t he di%%é%%étion plate 118 to
m xture. RF POWRrPI53f& &Elﬁl iER erfttheddi BPFi B§PREL firse 1h® &REPEhe
support asseabflysp88itoofotheaiplastodr om t he gaseous m xture. The
gaseous m xture reacts to forma layer of silicon nitride on the substrate
140. After processing, the substrate 140 may optionally be 20 subjected to
a plasmalforned froman inactive gas (i.e., a gas that does not adversely
affect the |ayer disposed on the



substrate and does not cause additional material to be disposed on ZhﬁNIUUB
substrate) for about 5 seconds to reduce the attraction between thla
substrate and the support assenbly 25 1143_8. Such a process is described in
the previously incorporated United States Patent No. 5, 380,566. The
support assenbly 138 is then lowered to allow renoval of the processed
substrate 1.40. The |ift plate 154 is actuated to extend the |ift pins 152
and subs;ﬁg@ggo 30 above the support surface 134. if the residual

attracti en the support surface 134 and the substrate 140 causes
the substrate to sag a predeterm ned anount, the second set 182 of lift
pi ns 152 contacts the substrate 140 t Free substrate 140 fromthe

t he, .
support slirface 134. OncR stpPeed 3556 Wﬁépgagw&% WOIHRIGLR CQRRIISIG,
substrate 140 | : t [y oY) ' osition
where a subst r%ggﬁpﬁgﬁépﬁéh{@ vg)?&%asyujpg%{tg:{urftaﬁ% ac aé] gré'%Ongd?gan%g@retri eve
the substrat e}t deproffiiftrpihe marabhedspoged throubkrthe guppoerassetrily ANd2005

-13 If the residual attraction between the support surface 134 ar}:{j tge
subst r at ehavdng ias firdt ench igRPSEd eraxiealentie syt SUB2E8 Aegf"a 6" he
di stance "L". . di1ft pins 152 never contact the
substrat ee*ltﬁ'ad]hﬁg:'e%@ﬁpﬁﬁ%%ggtﬁ)ﬁ%%%éae\}e a mark thereon. Although the

t eachi ngs of theeporsenrt of Nitgribs onovdidy dispeved Hemugbhbersuppdridassamigd in
detail in a EI asma enhanced chem cal vaptﬁr deEositirfon chanber

th
ski | | ed iand haviagta fiehendctisnesedieipxuBalsithe SUPRPteYNaTE ) ﬁFEO?%%ﬁﬁher 10
pr ocessi n%t&ﬁ&ﬂ?%e&o%@‘%bei &?va% & g use of Iift pins to separate a
romd suppor

substrate surface that still incorporate the teachings and
do not depart #niftrplatecdisposesl inandpaped-apadirelationitovke bodom 8fac® ofANe2005 -
14 GLA IVlssupport assembly, the lift plate adapted to move towards the support assembly
and displace the first and second sets of lift pins to a position where the first end
of the first set of lift pins extends a first distance from the support surface and the
first end of the second set of lift pins extends a second distance from the support

surface, wherein first distance is greater than the second distance.

2. The support assembly of claim 1, wherein the second set of lift pins are

positicned radially inwards of the first set of lift pins.

3. The support assembly of claim 1, wherein the second set of lift pins

comprises at least one lift pin.

4. The support assembly of claim 1, wherein the second set of lift pins further

comprises two lift pins positioned opposite a center of the support assembly.

5. The support assembly of claim 1, wherein the first set of lift pins comprises

at least three or more lift pins.



1. A support assenbly for supporting a workpiece conprising: a suppbftAN 2005
f

assenbly having a support surface and g_bottom surface; a first set of lift
pi ns nmovably di sposed t hrough the supp Tt assenbly and having a first end
di sposed proxi mate the support surface and a second end extending beyond
the bottom surface; a second.set_of lift pins nmovahbly, disposed through the
suppor t a@senbﬁ'se Séﬁaoaé@?ﬁ@ 5’Pf?'thénﬂ’hﬁf%ﬁcyg%ér%rsy@)t(Ph@f@'@h‘?@ﬂ% t
surface ag%hggﬁﬁ%nd end extending beyond the bottom surface; and a |ift

pl at e di spas n a spaced-apart relation to the bottom surface of the
support assenbly, the lift plate adapted to nove towards the support
assenbly _and displace the first and s%z)?nd s?t,s of I'bft_ ips to, a position
where thefirst end of fhe $ypRrart assegbl of (Clymd, xbensirs ther$ight PiSt ance
fromthe r rface and the first end of the second set of |ift pins
ext ends aﬁﬁggﬁénﬁlggance fromthe support surface, wherein first distance
is greater thapurgisesond pginsaaeted & bEhmositimme pradmetdegcofsidd afm 1,
wherein the second set of |ift pins are positioned radially inwards of the
first setfoof-sidad syhisteate.3. The support assenbly of claim 1, wherein the
second set of |ift pins conprises at least one lift pin. 4. The support
assenbly of claim1, wherein the second set of |ift pins further conprises
two [ift gins maéiwpgoﬁcbsum@%tcﬂ @aiaent eheodintthe frepper of A pimbhgvea The
support assenbly of claim1, erein the first set of |ift pins conprises
at | east first@nddh thasielanger thama seeang Jngin @5 they seepndrid %fdfﬁ;ﬁ?%- assenbl y
of claim1, wherein the first set of lift pins conprises eight lift pins.
7. The support assenbly of claim®6, wherein the eight pins further

conpri se: 9f our Thaisuppoft dsseimipiy s chalaps edheil¢he dissttiengbds ptdzastelrameach
side of a four-sided substrate. 8. The support assenbly of claim1,

wher ei n t ROGET t1an hersesendilepdivi ns have a first length that is |onger than
a second length of the second set of lift pins. 9. The support assenbly of
claim8, wherein the first length is at |least 2mm |onger than the second

| ength. 100. The support Thessurpost assarhiiy of Tlavmet aihereingheifirst anthgesmsbnd
set of TTLL BT ik HEPRRbetRldly BhERTES thB°nlst "Sla AloRGaEaes! foes

simultaneously support the workpiece.

11.  The support assembly of claim 10, wherein the lift piate further comprises:
a center portion; and

a rim projecting from the center portion.

12.  The support assembly of claim 11, wherein the center portion is adapted
to contact the second set of lift pins and the rim is adapted to contact the first set

of lift pins.

13. The support assembly of claim 1, wherein the first set of lift
pins is adapted to extend to a third distance greater than the first distance and to
support a substrate in a spaced-apart relation to the support surface while the

second set of extended lift pins do not contact the substrate.



si nmul t aneously support the workpiece. 11. The support assenbly of cl ali @}(h
wherein the lift plate further conprises: a center portion; and a ri:]n AN 2005
projecting fromthe center portion. 126-The support assembly of claim 11,
wherein the center portion is adapted to contact the second set of |ift
pins and the rimis adapted to contact the first set of |lift pins. 13. The
support addenbly of cl ai i syppuibassambliidorf syrportieg asForkpface ¢sirmerisiagadapt ed
to extend to a_third distance greater t ha trge first distance and to

VIE3H PUPRATLSY

support a subsfriPROrASSelY %0 the support surface while

the second se B89ndd hEioRi 5‘&’% pRtaGeiaet the substrate. 13 JAN
2005 - 16 14. 'gu%ggﬁagsggﬂp%/o@or\%su gortai ng aﬁgbrkpi ece conprising: a

support assenbhyfirsbweingf it pingpootatsydismsedahroddgh fileasweoppot assembly dred ow

t he support assenbly; a first set of |ift pins npvabl|y disposed thr h the
support ag§4epdsd Qﬁghem;ﬁ’ﬁ?t%@ exjerdrbly up ab‘i'&t“éroélﬁh thg ¥ Hggl%ﬁsﬁﬁ&gﬁdl y

t hr ough t%aqugﬁngé%%@%){h?%ﬁggoﬁ shiFbcdisgpnce above the support

surface; a second set of pi ns novably di sposed t hrough the support
assenbly i nwaamdseoaindgt bt dfi lifs pinsahovdbllyidispgreastheamaghs thepeuppalt assembly
sinmultaneously by the Iift plate with the first set of |lift pins, the
second setvgrdpidfithgififst ast %Jnlfféﬁﬂﬁ apfhak aPyred #iy %%'%Eibﬁg?ﬂﬁta%@&rbl y
to a seco dj,st e.Lesp ikh t fd | st . j ts of
Tt pi notne ARG S it Bks, Mo seoBhd LAt BRE ot R Eh Bt R o Bove
t he suppothroagis enblsuppbenagdeentsend ar sedoricheistamekiess dean shé dvstddid@amoear dl y.
15. A sem conductor process chanmber conpri si n%: a .chanber; a S‘E{PFSQ? t
assenbl y WhepiBetha wonselsh Aol PihareugaPetall HmUianRaL$ i gs r{)p"ort
surface a PYSI o f ' | efy! {4 ted |y
di sposed %F%Sﬁgt ﬁ%bgg%%o%%%Bszg%bﬁﬁyﬁp?rﬁeéés;eﬁ%? {’svgteﬁow{f i%étﬂtgg)'isndgo”%b

pr oj ect i nyotkmerd rehowpgaowmswarfiigzce a first di stance when in an actuated

position; a second set of lift other pins novably di sposed through the
support assenbly, the second set of |ift pins projecting fromthe support

surface aqgecond di st angesaheRnHOCRR pAsdedatcddnrgicohitisivier ein the first
di stance is greater than

a chamber,;

a support assembly disposed in the chamber, the support assembly
having a support surface and an opposing bottom surface,

a first set of lift pins movably disposed through the support assembly, the
first set of lift pins projecting from the support surface a first distance when in an
actuated position;

a second set of lift other pins movably disposed through the support
assembly, the second set of lift pins projecting from the support surface a second
distance when in an actuated position, wherein the first distance is greater than
the second distance; and

a lift plate disposed adjacent the bottom surface of the support assembly

and adapted to displace the first and second set of lift pins.

16.  The process chamber of claim 15, wherein the second set of lift pins are

positioned radially inwards of the first set of lift pins.



the second distance; and a lift plate di sposed adjacent the bottom igrfaczﬁ
of the support assenbly and adapted to displace the first and seco JAN2005
of Iift pins. 16. The process chanber_(l) _claim 15, wherein the second set
of lift pins are positioned radially inwards of the first set of lift

pins. 13 JAN 2005 - 17 17. The process chanber of claim 15, wherein the

second set_of Llift pins urther _conprises N | |t -

opposi t o W-cent RBCER: CCABBSY 1o Batbrbry MEB " The BrEhuEstintdEpis

clai m 15, idmbAsed ithst ligebinel pbéifibndd NSppdsRBPEI 8E6teRt of RS tsudpore of
nore | iftfu\gﬂﬁge%b lThe proées@nchgnber of r\%pai m 15, wherein the first set
of lift passenilg. a first length that is |longer than a second [ ength of the

other lift pins. 20. The process chanber of claim 15 further conprising: a
lift plate disposed to a side of the support assenbly opposite the support

surface. 24 Tﬁﬁe%%g%ggn@gagﬂg&r T gl 15 2QhtbRr ehd A8 deitf bt Mfpfns

! i
further conprises: ortion; and a rimprojecting fromthe center

portion. @dmprisdhet eaecksse ohandreliftgfingsl ai m 15, wherein the first set of
lift pins is adapted to extend to a third distance greater than the first
di stance and to support a substrate in a spaced-apart relation to the

support skt acs, MibEeddEnaBBer 8f RC18! NRE X EOIRR sat of Rt BhelRad®l |

contact t S € process cha of clai m1b, ereln

chanber i grs@lep@itiedlis iongeethaiepeecon® frergtianbtite otBdr liffipingr ocess chanber  of
claim15, wherein the chanber further conprise: a lid having an exhaust
pl enum di sposed therein. 13 JAN 2005 18 25. A nethod for dechucking a

substrat e,conpsi si e f i ' tEt .plate in contact with
a first s%@ of %'lgip?g%%ér%sc an %égecé%ﬂﬁ?égﬁ%g%oﬁér{s'%'ns towards a substrate
support; proj egliftngatehtisposest tosesidef of thé tsuppos askeobphoppssitd theeswgfparhe
substrate support to support an outer portion of a substrate a first

di stance 8Wd¥%e-t he substrate support; and

21.  The process chamber of claim 20, wherein the lift plate further comprises:
a center portion; and

a rim projecting from the center portion.

22. ~ The process chamber of claim 15, wherein the first set of lift
pins is adapted to extend to a third distance greater than the first distance and to
support a substrate in a spaced-apart relation to the support surface while the

one or more other extended lift pins do not contact the substrate.

23. The process chamber of claim 15, wherein the chamber is a chemical

vapor deposition chamber.

24.  The process chamber of claim 15, wherein the chamber further comprise:

a lid having an exhaust plenum disposed therein,



projecting the second set of [ift pins through the surface of th

support to support the substrate inwand of tge outer portion atsgczggs1 RN B
di stance above the substrate support that is |less than the first distance
projected by the first set of [ift pins. 26. The rrethod of cl ai m 25,

wherein the difference in the distance projected is 27. The
met hod of5cl ai m 25 furAHBetl“@drfﬁfd@@iwkﬂﬂ{bas‘s‘ﬂéﬁga@fmmﬁ%ﬂf‘% ?ﬁépé Substrat e

with the first set of f d
iiting the sasberage 16 e eRMp I pdPst P8 0T TRE A2 2680 0L
Wi t hout fBPcl | 0@%3?&; aQublstrhie Bigporeontacting the substrate. 28. The

net hod o urther conprising the steps of causi ng the subst t
forma bowed rpe@eoﬁ’n@ﬂte/mmemflrﬂ pinaltinoypgbfa SwfoC%@fﬁé‘etﬁHb@g’ﬁﬁ%é?P e

substrate with the pluralit [ ct

the bowedd sEgPen 3 tqwtqrheo'étéélo‘ﬁfda s%@sg’ﬁpq i ﬁ‘rsﬁ dﬁsqaé‘ge @ﬁgeégghgo‘ﬂigoi'?&% 3, Imn
25 furtht%r8§8 %A&I ng the steps of: actuating a lift plate to contact t he
first se pi ns before contacting the other lift pins.

net hod of cl alplﬂbjéﬁtlfﬁglltiﬁéleltacommslet of fif) mrhtetlsmegb the: sugacga?fi the %utpqtqattem at e
to contact the first set of lift pin mof eI| Rliabfcd hat
proj ect fsupped teesitraorhiia ﬁHHStfﬁﬁt'”WaFﬁMgittge toHée ?‘P}ré' I?fste %nd iStafic

above the substrate support that is less than the first distance pro;ected by the

first set of lift pins.

26.  The method of claim 25, wherein the difference in the distance projected is

at least 2mm. '

27. The method of claim 25 further comprising the steps of:

contacting a substrate with the first set of lift pins and causing the

substrate to bow; and
lifting the substrate to a spaced-apart relation to the substrate support

without the second set of lift pins contacting the substrate.

28. The method of claim 25 further comprising the steps of:
causing the substrate form a bowed region between the plurality of lift pins
by contacting a substrate with the plurality of lift pins; and
contacting the substrate in the bowed region with the second set of lift pin.

29.  The method of claim 25 further comprising the steps of:

actuating a lift plate to contact the first set of lift pins before contacting the

other lift pins.

30. The method of claim 25 further comprising the steps of:
actuating a lift plate to contact the first set of lift pins with a rim of the lift

plate that project from a center portion that contacts the other lift pins.





