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BACKGROUND OF THE | NVENTI ON The present invention rel S
Tabrication of sem conductor integrated circuits (ICs). Mre particularly,
the present invention relates to an inproved apparatus and nethod for
lifting awewsdonate fromthe surface of a work piece holmavusswsaequent to a
processing step. During the manufacture of a sem conductor-based product,
for exanple) a flat panel 10 display or an integrated circuit, nmany
processing steps are enpl OyFERIMETRER VERFER MFTING nanuf actmmummmﬁm‘ﬁﬂﬂ‘ms

i nvol ves placing a substrate rnto a process chanber, processi

substrate (e.g., etching or depositing) and renoving the substratsggfksomthe
process chanber. It has been,found that a sticking force is often tines
encount ered between the su . f a chuc S
the substrate to stick to g%gﬁgéﬁgiégigﬂliﬂiuigggiiékgn t he tJNM"mmmmmmMmm
renove § he substrate subsequent to the processing step. By way of gxaspl e,
a sticking force may be encountered when the chuck is used as an
3! ectrostati ]g dﬁxysip&sem galvbmidﬂlzraaﬁslilb&gd’ﬁpﬁadw6%m%ﬁ?ﬁﬁﬁﬂ%rat?&ifcﬁﬂi ! }tat e

i scussion _qf this pro m. Fig. | depicts an exenpl ar rior art lifting
arr angeme n@8 b d‘.’mrlfipf"‘f"icﬁ'@’%él r‘l?ed?ﬁ%éﬁéﬁ‘f"“gwe*aﬁé F‘lﬁ’e‘ggg’vﬁﬂ) gﬁppaﬁﬁ“@éég%th% | der |
10 (e.g., frGhgkluRiste &omithd §utlcdd work Pieceidider RivBEfReMAb 6BFocdssing Step.S
typically designed to hold substrate 130 during processing (e.g.
el ectrost ati calputihg tHel thdnufigtuld dTa]sgrﬁicoﬁdﬁ&'oﬁ%shdpﬂﬂ&@,%ﬁ&ab?fe?&lﬂi’t hitg moddl e
of the chuck, is used to nove substrate | 30 fromthe surface QP wor k pi ece
hol der 1§ 14isnlay of ap pricgetedrarguibanagy progessing sepiyse eraplayers Bread)y sprakingothe| i f t ed
of f lifti ' - : ; : hah I¥ Y,
lifting pi“‘%‘”‘%Zé%“‘?@Q Bﬁ’ggsédq RN éé"f’: ﬁ%@%@"%ﬁf@&f Dl b ﬂ%;?%’kelgé{fkio to
accommodat sibstratke(e guewbing gr depasisym) end mmosing Hatsulstrate foetthe processohambeh e
substrate fromlifting pin 120. Oten tinmes, an electrostatic force will be
built up between the chuck (or work piece holder) and the substrate during

substrate processing. This may.arise because of a resi | char . g.,
due to uncorrpeﬁt:rgf g%n&mgﬁlé% aéﬁ%}%fg%ﬁgro & @Eﬁ?ﬂw%‘ﬁgﬁéjgﬁwfwgg%%ﬁ%{?%surface
or 30 on tdnd tisesafhdealf @ thuck Yt Cakds)the subgrateas stiikab thehsarfare of deah&sk velizn the

el ectrostatic force, mhi%h will herein be referred to Es a rFsidu | hol di ng
force, betVWBRFPMERLP ERGRKING fipstaies et 4R e pregessing sigR- Py way of gamplg 2003 Wo
001 59007 csdiifg for@hdybeThéduliteted vIRE tHRRAKIRGS uselPasT A ERUbEBH/EviceRtiord 4 Y, the
charge that creates the residual holding force may gradually be bl ed away
fromthe chbyrterdgringergeessingeTe Beilitatrdisyenian of ¢his goblemahie hisrals ahe substrate
to e | I11&emhly drBPaf HHHE aihebibir!i 08 DihfhelaflngehiBHENBmallddl 2 WARFARE Of

lifting the s rate I's Tinme-consumng sirnce a non-trivia const ant
i s typkcaltojder h\idleged chukdlartdredifeig/pinlil G dWarkt pieye baldbryl I0dsitypically dekigned to

t hr oughput e S brocessi =T R i he . Nt r, of
subst rat e fhb B AT ORB6STH B3 SR E LinbE PO bR DRG0,
uni t of tithmehgh thé niidide ofabd chuekt, ivivad anove subsadte d 3@ fremythdduedge dfiveriugieceof t he

t i ift th trate of f.th k often. giVves. i h
oroblenn. TRy e el el i aubiat O Ry o' s HfTctredn HheBont o
pin (as shembvedrolr e prbcdss biR@ddds ETypicaNy Siftingiptn CI0Eaplackddh tHeltentprdfmioriof 1 ft,

whi ch causes the substrate to tilt. Additionally, the substrate may wobbl e
on t he2cerfigse hplder 140 t9 gccprampdats sidy-sWiBeiag BRPLIES ARt prset 1B Esporedhct o f al |

of f the cegb®fateRidh PfinypAAH. about the center

*

Often times, an electrostatic force will be built up between the chuck (or work piece
holder) and the substrate during substrate processing. This may arise because of a residual
charge (e.g., due to uncompensated DC bias and/or charge accumulated on the chuck surface or

30 onthe substrate). Typically. the residual charge creates an electrostatic force, which will herein

be referred to as a residual holding force. between the chuck and the substrate that tends to



pin so that the substrate is no |longer aligned on the c el The
af orenenti oned problem of substrate tilting, wobbling oﬁﬁaﬁﬁﬁr@ﬂé may be

“15 addressed in part by enpl oying perinmeter pins to lift the substrate off
t he chuck. Fi shows a lifting arrangenent 200 that jreter pins
to lift mo‘]ﬁ%ﬂ‘gtrate Li fting arrangement 200 incl udesgg?@ﬁﬁgﬁlgl‘eo and

perimeter pins 220. Also included in Fig. 2 is a substrate 230. Since the

pi ns are dicgisé ilemti6 &tickRObhe drldtheper i meter of the substrate, the
af orenenti oned wobbling or tilting problemis substantially elim nated.

However, the pecem@rth@ma@rmr&e@ﬁ?merés&iuhr Ho\dioRR e ghddakilyHebidaay
arrangerrent cannot be used 1n systens that enploy swi n?I ng or_arcing

transport Semehpehugktoaeduse thsapsiual kaldipg fpscejand élr‘q“‘é‘rhé sylistrare fhke lifisdoffahr  of
the transpegickay m’lfn% ggw 320! ﬁ@wNe?'?ﬁlperefho@BMf'ﬁﬂé‘m@Eu&{rﬂ@'is ttrﬂ@cd?@ﬁdluﬂggﬁ&

pins). In view of foregoing.” these are desired, inproved
appar at &ses npwirivial fime ggnstansishgicadly ewof\'f:d ané therehy disasivantageustkredvring the as ma

rocessin n

it or o AATSTRRTLHL Bibln bREUSR S fem RE3HBHE e b Slugl B8P B ) o
The i nvent pmnesseilk@ta@vempﬂ‘asma@rceaﬂsmglsmﬁ pertuait aftimg)par at us for lifting a
substrate froma Surface of a chuck subsequent to a processing step. The
appar at us i ncl udié® residuar dhamk ¢y inpdequdtely bid), the dse iohget:dsmersmb@tlifahesdbsm t he
surface of e chyck to. a first posiftion ere substrate is 2 6 JUN
70030 00PESBERHEHeh GsBofitsis PEROROHEEE DR HExHREHET SPSGEIEA ng
liftingo ThebaR@tddoatuRy ceRiePpih $astsBbivh M:gd)b&a@s\eermmcm&dlaﬂmc pbSihcsT at an
interface of the substrate and the surface. Generally, the holding force is

gener at ed Bt Wiehcabsrs ‘@LFBE%"P&‘@“Hnédfhﬁén@éir‘f‘%&?s‘&?r’i“ﬁ’gwf"l’llee?ﬂ@&é rRE st ep.
The appar abdi;sfiifed HREsibH EluSHE thedub@iaieqb fﬂl&fzﬁpeenr@wnrw walfer 8bU i RLRer! F OM
the first position to a second position wherein the substrate i1s di sposed
on t he cenpiamso gahthe sutisiigse isoeilorger alipned edopateyoii tion is further away from
the surface of the chuck than the first position. The invention relates, in
anot her enbodi nkhetaforemengiosadimoblemef prbeméliimg wopblingrar wendering snagibe i ncl udes a

wor k pi,ece r. t i I tefrom
- sur f age SRS in B BAGTR e betlerd RuR b B B o PHEC rRL Z8IA
surface of hftxlngammgkmgriteoethboisdepedmyem pho tdiifnthe Sabstate. Elfnmgmngdmmt 200r k

pi ece hol der, i.ncl udes first red to, break .t he .hol d orce

bet ween t h#¢ E‘Bﬁﬁﬁﬁa@%@ﬁad PFum &%Cg s pcipded B\}% I‘zflfiaﬁlébs’trﬂgb@gbé'ﬁﬁat e
fromthe sthebpas aretdpsuabuftddra%utms;betﬁnerbr ofl ihe sbiipas, el BoreMeritionpdaekbliagot he

first pin during lifting. The work piece additionally includes a second pin

for movi ngtiting Poblsayis &tbétaﬁtf%‘bhei*ﬁ’é‘afqdr Slowgyssith ReRimelsT RINAERABRFEPERLIS fitmiteth

wher ei By t hg 1Bl Q%raﬂhﬁaﬁ%m@ht%mﬂe AR i sRRE maden&;wy Mﬁglﬂgor@clﬁ@t\‘a{nﬁﬁn The

second position is further away fromthe surface o he  wor k piece hol der

than the f#mstbesense the parimaterepinginterfesesyithrtbg tat)‘e@enrcﬁ ﬂ}fetfanamt%er(e entedi nent ,

to a nmethog,qf renoving. nﬂ?é&rﬁ%&px{s m a surface of a work piece hol der
E

in a substrate process & hod i ncl udes producing a hol di ng
force between t : l 0] Jfee 20

mot hod fur thor st ot efoEindsp fre WeiieRimoriEd RONIGAABIMuse BF BP 1 ot
away from liflieg a substrate off a surface of a chuck in a plasma processing system without inducing

25  substrate tilting or wobbling or interfering with the movement of a transport arm,

SUMMARY OF THE INVENTION

The invention relates. in one embodiment, to an apparatus for lifting a substrate from a
surface of a chuck subsequent to a processing step. The apparatus includes a perimeter pin for

30  lifting the substrate from the surface of the chuck to a first position wherein the substrate is
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surface to a first position, the lifting is acconplished by a first pin
wherein the substrate is disposed on the first pin duri @b K003
“Thereafter, the nethod additionally includes noving the substrate with a
second pin fromthe first position to a second position. T nd
posi ti on W&0¥3984’her away fromthe surface of the work pipgz}ég??zq%&gr t han the
first position. 25 These and other features of the present invention wll
be descri beghbkdBRiife SRkl pRRLAYS fifing. Nhe Jeimid A AR5y

i nvention ancli) %En conj ISt}nct Feoﬁ W t%ﬁ tl hgéfolegowi ngre;?? gur eséup%ﬁggﬁa%gg(ﬁl PTI ON
OF THE DRAWNB® fotee apandsterfaceiof thersubstrateiand thee surface.dteadrably, theayldibg foxaripl e and

not by way L tat i ' 0 Lgur 8ol anyi ng_dr awi ngs
and 11wt A TrREpar il ekt AR S BRp O ol AR BT RS U3
001 59007 elfemtesnircludech ¢entenpindbr mdvGiy thiSEBsEEE i 6m Fhefirst posieipn tasscedndexenpl ary

lifting device with a stigcking problem Fig. 2.shows a priQr art lifting
mechani $m PREHORY ereigdhs i‘@fequﬁ‘ﬁ%osf‘goq the fg‘ger? .'Péf”@."gﬁi ﬁ‘.e s%.-néc. depi ct s,
i N accor danesitivh isTurgie avayRh i BhrfAt of the cilicR HRALLd vgRtition. a [ifting
mechanismthat utilizes both a center pin and a perinmeter pinto lift a

substrate avay frh@fventiolvéiites, i Gothér chetRiiMicht. b N5\ BEEAE SRAGANPAYsRMOTRe
enbodi nent of the present invention, a detailed schepatic of the perineter

pi n. Figs. SbYenspckiess wprk pisce BRldeiaganagiment (o & ORBBIFhentmer aHestgtedtaht
invention. atsf@ackQfiHelvidriDPieBOMRPIVAER hOShbbiRe Fsbipied 8 tl?ets‘ﬁﬂ’éce'o!?l’l{_éw&? In
overcomi ng the holding force and noving a substrate to a position for

r enoval 19f r piace helderiaratholdingHorge. Burthep thetwork piscelddsr inghdes avitstpin penfigntsddi nent

ar rangenents el BERR o bep B RERAN ATt bl B AR ol 7o
i nventi on wibstratedrmixie sieface iolacfttstiposidex. elle substrateri edigposetten thofiat piedugrgef er r ed

enbodi nent s.,.t hereof and as .illustrated in the.agcconpanyi ng, draw ngs. In the
fol | owi ng ‘gé‘lgriTg’fiWS ,p‘ﬁ‘ifr?g?’aﬁl??@ﬂ%b%ﬁ "’cseﬁ‘f}—,\"tt;lj e m§m§é?° sgt’ﬁ"iaﬁvgfqﬁ’ggﬁeder to
provi de a tiapesitdh toadedonl E_@uiudmgwﬁ_efeirt {he sibse@e Bididposeddhitisecdnld pi durinfe

obvi ous, however, to one skilled in the art, 2o that the present invention

may be Yr adtaviied The sssend pastiien ifurthar pwey frerp dhesuprs of thevarle pigeq holder hapt her
i nstances, ek JofaYs Process steps have not been described in detail in

order not to

The invention relates, in yet another embodiment, to a method of removing a substrate
from a surface of a work piece holder in a substrate process chamber. The method includes
producing a holding force between the substrate and the surface during processing. The

20 method further includes breaking the holding force by lifting the substrate away from the
surface to a first position. the lifting is accomplished by a first pin wherein the substrate is
disposed on the first pin during breaking. Thereafter, the method additionally includes moving
the substrate with a second pin from the first position to a second position. The second

position is further away from the surface of the work piece holder than the first position.

25 These and other features of the present invention will be described in more detail below

in the detailed description of the invention and in conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example. and not by way of limitation, in

30 the figures of the accompanying drawings and in which like reference numerals refer to similar

(V3]



unnecessarily obscure the present invention. In accordance with one

enbodi nent of the present invention) the perineter pi nsZeBanUtN‘ug[mgenter pi ns
are used in conbination to overconme the residual holding force and nove the
25 substrate to a position for renoval fromthe chanber b¥ ooéorﬁgsport arm
The peri MQ®S9%ns are used to overcome the residual hof% ’Hg Bl'&e by
lifting the substrate a small distance away fromthe surface of the chuck.

I n one enbedi,BROEnd iEQ@mﬂi_stance nmoved by the perineter pins is small enough
to cause the residual charge to mgrate off the substrate. In other words,

the small [ift I : fe Tt o e chuck, and the
posi tioni ng of ?%ep%ﬁﬁg&%@%qj?%ﬁ %6185%6\%%3@?&%&5%@%%/ US00/ 08176 points

at the peri et gt adyapt ??ﬁ&%‘ lbﬁgﬁrﬁ&%aﬁiﬁﬁ HRRSE bérerdr P YRR shiiFare!

tilting as it is belng fted. sequently, the center pins are enpl oyed
to nove the substrat itH fBbditdRSdr it - t he
transport arm b%g'c%u%g%@ﬁgnﬁéésh?@&g{éaﬂg{%{gﬁg ?o’rce has pgsérgg% oéllé%

over cong, liftisg oephapisnpthatsititizes bathne calrbepit endhopezinetes pawth Siftastisstrafietaivayit
creating ag IDTe| t'c that causes tilting or wobbling. To facilitate discussion
of this asﬂ%’gt ’f‘kthe present invention) Fig. 3a depicts a lifting
arrangenent 300..t utilizes,both. center pins erineter. pins to. lift a
Subet rat e aay Tcentin Rt Byt N Fropfieth 810 FEHIR Flia® At o

pi ns and cehémdticpifise @Fimeshpmn in their fully up position. Lifting
arrangenment 300 includes a chuck 310, center pins 320 and perineter pins
330. Peri et er RigsiSa-31B6hoay, ¢ a2Oarfidneel with opeerbsodliment pf the presenainogmsiod.3the) and
center pins.320 are, coupled to a center pi.n actuat or. l,. . .Each peri. neter
i n actBat B8 HaBisEATE Ui TPUPIE SoR Yo PR PTSTRAPERe e ROWise T anchigane

posi ti on 324ubsthfie IR PosROR thr réRGALSSn BRIchaRbeer pins 330 are distributed
about the perineter of the substrate, the wobbling or tilting problemis
substantial |y efij 8 RpicRdin@tcordiBcSwRBédeaifboliineht dfitRchrodeht ihiBu& WatngSur f ace.
15 Additional ly, center pin actuator 321 is configured to nove center pins
320 from f meehanisp30P with a3ngletair squIsRYTANBEISI t i on 326. Second position 326
represents a substrate renoval position whereby a transport arm may engage
the substrate and renove the substrate fromthe process chanber.

Advant ageousl y, since perineter pins 330 are stopped at position 324, a
transpétt arm may sREAAILED BEQCRIVHON QHEREHHIREL EMBOINMENS t i on 326

w t hout being bl ocked 20 by the perinmeter pins., Fi.g. 3b illustrates a
preferred enmbodihgwrasensfinventian; wilj nawba dessribaskin derail with rafererpe i0 ¢ Eemgelierred 300

i ncludes chck ' ] L. Aee@inby 1 i s used
to secure a sﬁgg%’?satp %g%‘l}g?%‘g‘ﬁ'g%?’c?%gs"gsﬁ’%g@%ﬁ”s%ﬁ rlg‘?l’s% éngg@?&&ﬁ@g 310 is an
el ect r ost adeseriptionatomerdus bmeaifia dethilsemy selv ortariy onleukprevidetaghdreughor  hol di ng a

2 machani cateReagy of bR Biono0 AF b afsdRy i SO R 2 hng”

nmove ipoa ldhtrtﬁdlﬁr'bsgﬂt inednpien thag bé gﬁchttc@d @thtﬁ@cﬁ?éo’lrﬁul ofithebeSspedifioietaiBe it er pi ns
320 are posjtioned proxjmate to the center, of chyck .310.. During processing,
center pi n%tL%’Z'Eftaé‘F@ vt ”Wéﬂ“ieFFs“l“’d’éh%%d’ekb@iéeﬁcﬂbéﬂ’é%ﬂﬁ‘m %‘iﬁg?ﬁ%n that is
at | east eyfBcesdarieIborird e pRent AREmiBRf ace of a substrate. 3o Perineter pins
330 are disposed through cﬁuck 310 and nove in a direction perpendicular to
surface 312. Agp ghreiianceRAH diRleRbodiinBiit o8 8He prdsent iB@htidnOihe BerdthQd piltd ki t he

2 6 JUN 2003 WO 001 59007 PCT/USO0/ CS! 76 perimeter of chuck 310. During
processi ngeenisepinkre apediin pemignmion teoveremgtiragsidynd helding fieaand mpve the

25  substrate to a position for removal from the chamber by a transport arm. The perimeter pins

<

are used to overcome the residual holding force by lifting the substrate a small distance away
from the surface of the chuck. In one embodiment, the distance moved by the perimeter pins is
small enough to cause the residual charge to migrate off the substrate. In other words, the

small lift allows the substrate to peel away from the chuck. and the positioning of the lifting



in the down position that is at |east even or below the bottom surface of a
substrate that is being processed. Subsequent to processi%g, ﬂ§r2 ter pins
‘330 are configured to lift a substrate fromsurface 312 t fl" t ﬂggsition
324 in a direction away fromsurface 312. In general, t f plied by
peri met erWPOKE0830 i s arranged to overcone any residual q’%&(‘%‘?@‘?"gr ce that
remai ns between a substrate and surface 312 after processing. In the

exenpl ary Fi f j MeeBis L a0 _alt..cylinder
332, a1 cylcits e SRS ed BtasOFk Bl il AP UELARE B B BALTY
mechani sm tbeatg lified.v Ssbsequestly, thetcentenpims BSEnplered iemaid the substrdt®ta anbdemal ai r

cylinder is_used.because it is s | er and therefore r ires less space.
The. i nt er neROoED feRsyHaE remayChy BF porSe T fie Popaiat o Sl lolire p5ERnS

peri met er piliadyrteamepert@hie, thd bénter pip @etnoof ablene npee ihewhlstrap iwithdtlckeatygy £ hown
in nore detail i Fiq%. 4 ,Alterpgltively, ot her types of actuators that are
sui tabl & f JPORY gt saEes liing AsVaPOiens 330 (e.g., screw, piezoel ectric
actuators, cams ears, .etc). may al so be enpl oyed. The perineter pins may
be driven by a gl"%@?léat&éisﬁ 18p o Wfsﬁs%ecb%fé#%‘éﬁef{%\feépmbf% ﬁr%&epl?fés WYEn by
its own actimahgmentl300 tRR RS 85thREME piisin€ Pétirhddetpaf b Bt hishistrhib awaypbsh hat e
to a first position 324, Center pins 320 engage the substrate at first

posi ti on 3ZbueksHorregsecofidipsussignshotinthe perimeler s @ne erstar piss arshowiGbeinfully |

second posi,ti : | ] I j i .t h
substrat et Inapar e EhRleeRCido MRS ek PSR bl 220 BAOKARER I "
Adfli ti f)mal 1330. P¢rimﬂﬁdm$,33t)he coupledto m?msﬁmﬁy%mmﬂhgn#@ﬂ pingBAbare n

mul tiple st C e apdi . . center
UL 8L 5L BASngl SR, R AR oRBLALO FLRELERAg Conter
}: an]gem L Io rpecimeter pih 83 Prssfi rbuﬁgsxgyn @I4.s&m¢nrt]xah@i. bectulsr. ![pglmgtewmmt 30 Cical |
referably,, air power is use ause such an.,actuator is not electrjcally
conduct i ve.diSHERKE outt %‘"‘i"?wﬁB{e tﬁﬁs‘ﬁ’fﬁt?’éﬁ %%bﬁ%orttﬂtér}geqr blem b5 49 ?ta”c“?i&és of
actuators tefitfina@d@s Héishia i Wied off the Beick Qifee. 25 pins 320 (e.g., screw

pi ezoel ectric actuators, cans, gears. etc) may be used. Again, the center
O O L A ey R AN
Fi g. gg . 2 noijpi;rné?v?é&m afseqond vati:ig_jj;rﬂé;-h&ﬁos‘?m%@“i3§6 ERERRLS %ﬁgbztéatésﬂq@ﬁhaincent er
pi ns [ : Vv

Cubstrate grtapencfthis Bl sy iacBituBlte SR NS 06 sABulie om B
substrat e lpatcasschambePr dfleantdgbquslyesinde porimetef pindyi Ofapa stoppedatnositioyddent  of

25 SUN 20020 a0n B85 Tmael pTAEEhRBae Sharalabg Poli s ke RiG, °9 °

However20 i tbysieqigtithefeepinot ed that the center pin geonetry is not limted to
a four pin arrangenment and any arrangenent suitable for noving a substrate,
whi | e keepi ng i Fighztl llnaetes arpeaferbed eubedimeByofliftyngairargearepl 30. Liftime pi ns may
be enpl oyed as the nter, pins Lf desired. Furthernpore. perineter pins 330
may i ncl ud@"f“?ﬁe@@mﬁ@ﬁi”ff@[dég Chb'Flﬁé{() hgying a t%ﬁufg‘ff §MHIPV9‘|°E{III¥EC Hflfn?l Ot‘ﬁ}"gg Yoint s
define a plsafue: AfRGsted@ing bRckdsing S [nofkeistibba, dhaciBMds hdéle@ropatischutif,t i ng at
the perineter. Three pins tend to elimpate the r,ocri ng and bounci ng

associ at ed 2hqugh iwaybeany ehusk guitsplg forrholdingiupittate igiace dynng persessiB(§&t 3 ons
where ofie Rhddhdnidat ShubEERpISyiRE P MRS anihitidnp) ! SCenklr B{rR B oMY disBREA tRbughi S
spaced an equal distance apart from one another al ong the chuck perineter.
However, i tchedkdif andymoyron edirediion ppaendicadas to prfaee 330 Asés shown, ¢anter pis 8 t hr ee
pins and a . . ' ' - Iy
aral ol ot RutiBfaaRRahale Bl Bueraftnll 3¢ DUEEHRSGRL St BREATLE Y
one enbodi rembinedainsldd ehiukle ] Gsia hiendwmingosifiomthpias atedseevepbnbedBOthe fratom s used to
lift a substrate.402. Perineter pin 330 includes a pin end 404 representing
the subst r APEE 53 8%t i ng portion of perimeter pin 330 that drives

upward o0 Over C?’rergm;[:tkc]l? pixrx]so .ls3%l arr]eqdi];pcz{sé:(fa throlug'h chuck 310 and move in a direction

perpendicular to surface 312. As shown, perimeter pins 330 are positioned proximate to the



sonme instances, pin end 404 is forned fromN tinol by Ntinol Device and
Conmponents of Frenont, CA. However, it should be statedat séle-mﬂ: H nd 404
‘may be formed fromany material that is substantially rg 20 a plasm
wi thin the chanber and/or does not contribute substanti g,h 3

cont am n¥3MQ W$900General Iy, first pin end 404 tends not t ¢ é\sloé’ Bi&h wear zo
because the substrate protects it fromthe plasma and the area above it is

o ns 530" arrEBRErofhich 1P R Pl Vi Bl BFRRL At i A o

t hat may ocm:thle ddm pqumubatsreat@stpwmsbsiowghe Rﬁtbnfmtferre diasubttre nidy iseing! aced
as cl ose as (goss ble to the edge of substrate 402. in one exenplary

i npl enent at’f ﬁsse‘i)erl meter pin 330 is placed about 4 mminside the substrate
edge. However, this is not, a Ilmtatlo and ins 330 may be

o Do nat ety oS haEAteRt b APryina: Bt S WAoo BT o BT eR. 1 ho

substratse axddcon 1 ZHUTY plaeﬁémmqﬁadl?ambﬁrew@xfmh Burfa383 B, SR ghrted| UReRr@ M ddl e
portion 405 that travel s through a pair of seals 406a ang 406b. It should

be noted t 38R leéﬁépfrrmeﬁm"eﬁapss %t‘qult‘?ri"teé‘iﬂ’“tec?“émﬁ’ét‘? hgldingfarce thahgmaing

seal i ng MethBOderd D@lbstrRdand4BFiRNY D aﬁér)sm%@satn t hehOSlchpRi-eFigPid) edR)f De used
(e.g., bellows). A 30 spacer 408 and pack e %@_ease axe héld in between
seal s 406a PemretETBEs. 33A ivRpsveead hmoatrgylwﬁﬂ%u yliedendt menks pasf 406a and

406b in pl 003 WO
001 59007 p%%'f'&%%%t%%%%%?ﬁ”@%ﬁ"%ﬁ“%? ﬁ’%g‘ir}f"fﬁg% péfin¥s i n$§g330' %I‘%Jf]wﬁ%rt i on
405 andi0s e gerdalpirmylkimidr 4 biedrbeyduse irmamalidr apdthgefdiereguinesrlése sppre "(REEI@nal
AR L e P e o Y
subst ant i altﬂe)peﬁﬁﬁﬂeﬁﬁxﬁﬂml b&shdnéh meierderatlin Eigad. gklteamadively, @hig zﬁfdbsﬁaambml ly
frictionless en secondgpln eng 411 and washer 410 is a spring 412

bet
that bears! l@h”\?\é‘é‘ﬁgt‘z RS AR RERICHL B 30E8- BEFYs r%tzeg‘eﬁrlﬁa%@éorams,t 0 a
snap ring 4dds, eRNMRy 51%6‘&: MothWhﬁtt&eﬁﬁpﬁbﬁaﬁwtﬁh‘B? afsPpleRBABESer  Pi NS
330. Perineter pins 330 are driven by an internal air cylinder that
i ncl uded acgshedmetargn may badrivestby ifs geapctuat@ The perimeter péisiase configureflitodidt t o

contact segRnMdhdthi (&0l sfhositich2ai 1 source 420 couples the internal air
cylinder to an s:'Et}jlﬂr pO\A/‘esr&(é]ssehr ce, which drives piston 416 upward when air is

suppl i ed ther Eb?edtér i el E,gagmt Slbstids f§§90s1t“$x§§24§ﬂ@%vé fhe tamtéto an
optional split [Ine 5 represents a portion of chuck 310 that nay be
opt i onal | y secembpasitionidh e@s@m seergd pesifionst26iis dstarmirgd by dergndengifainthuck 310.

< ot er m ABRRGE ih ol Air eyl il 2099 iRk P gor gl 19 )

sur f aceoof Atdhmoﬁhlyptlﬁ néeﬁed)ﬁ&rcemtmpmmwbe&ohﬁguchMg m‘oue temulfiple steps, gdtvh sep t he

oS RS SR o B 81 ool Sled ) ] 2V

fact, as tbesheché PR wdid Staddefr! o tdutd e pdskibilityPsISubstrare, untdga;redwmggs at the
perlrreter tend to mgrate to the center of the substr (at thls poi nt the

center of FHEIHSTPAVEY if used Perauie spef aAstuaigr F&Bbetf‘('ﬂ“c? é“lﬂ‘tﬁ?ﬂ%’f However,

Cor r espondinigis Yot £ 18ati8R A thetBof: Ahertypes sf@siuttdAlthA B@rsgﬁam@fodﬁﬁlhﬁaéﬁe and
the resulting voltage 20 at the center is increased (assumn e anmount of
charge s BBR3IHEER) ScrrvirRitrarIgP e actyass. Kpih 8Fry 1) HgE b t‘sefihég@@ﬁt“’e‘fe“ﬁ eat es
a |l arger d ate
Faster. Aty ransy fhRRf o) fehelkBiol (b Mol FS: PR ERmAS) oo O PO 1

vi ew of thmambwénmntbyuﬁ ownammport arm subsequently used to | oad or unl oad
a substrate. The transport arm novenent 25 creates a design constraint

probl em and t heReférdngiotHig hgai ghvienfof fifimgmeckanispo3lltis showsh dwslisishoensenteat

pins 320 includes four pins. The four pins are configured to move the substrate orthogonat to

30 its center of gravity thereby keeping the substrate balanced. Preferably, each pin of the four pin

arrangement of center pins 320 is spaced in rectangular fashion about 1 inch apart along a



| east slightly below the | owest portion of the transport arm One

particul ar height that works well is about 0.04 inches fromthe surface of
"the chuck to the bottom surface of the substrate. Howevel § UUNs2803 d be
stated that there exists a plethora of substrate processi Y @%’E}sﬁm and
each sysW/f807require a slightly different height. Al 563' i ubstrate
transport it is typically 30 necessary to lift the substrate much hi gher
than the fifafletePOSdbbliony ANAches) Rlobk Ml Sit $HOGIdIRGBRA 1ROk bifd? p rﬁgre%ﬁ,w Hber
away fromthe surface of the chuck than the first POSI'[.I on. Typically) the
second hei mited ¥ afeurninamagengnt aprbany aratdepsniguitatigtor mayispa pubseateavaild ot her

consi der at | : SQG) h t e
Cranspor . “BRPR(SHReR: Haf il cbp Ry SAAmPROAREBE bl ISt ¢
conf i gur edcanteripinstf debigedsubstrate a smal | di stance before the center pins
make contact wth the substrate to |lift the substrate to the position for
renmoval 5 This iButhernsne peemethoging 3@ ninylintiludg three perinieter piner Ao isevdblddowe ircent er
pi n/ substr engageiren | n_sone,inst.ances ki Rip WLl . Li1ft up
Por about - Meane RGN eand fp B R HERSRR A0S ol bl ol Pofbh 8 g 1
m grat e of pdriveetaLiThice irs tendhié elimihdiethp @sdkingtadd bpuneiighsreeiated itk othehe hol di ng
force betvveeﬁ. Ehe substrate and su&fa_ce,. t he center ﬁ}!ﬂ% nove to _eg%gge t he
subst r at e. PRRPIGRIR prrangements. khig jnelpdes situatignsphes ogin, (s Yefore prodher pdites on

when the CprERiblpieith piPi8picB@arsdgildisdnge htirttfRfin SIRGAOHe Mg kihefhuélor
subsequent substrate renpval. To facilitate discussion of this aspect of

the i nVént PEsimer ddoweyse 8ighaidbhy noradithas gerrBeifrRipsHO 3Rt timkied Wdhreeping pnde
steps i nvohyetahknRUESGRNY A 11D Ge BRsHaB GufsRRGAyFRAMIERY iR Qurface BPGE ERIR O
the position for subsequent substrate renoval. 'Fig. 5a depicts lifting
mechani sm Bepbewsdequent to processing steps such as etching, depositing or
the like. During this tine 15 substrate 402 is de-clanped from chuck 310.
De- ¢l anpi ng maykig.rcillusiatessn engdnchodinent, @|detetled sshematicoém perigeates pin 330 that s
renoval of . ; i . ' ol t age
andl or vol PBE TS BB Roe. HerlfRRP 23 BinchloB Poin LR ren e PUBERIE |
produces betnetng soriet sfapeeim®t:? pmrdd0 shat drves uBward 20 ofercoing alie Holdingiforden én

processi ng. Al.sg shown ar erinmeter pi.ns .33Q0..and.center. pins 320 in the
own posi ¢ 1o Bgrset: Biot 10 B Torget TR iRl B3 AR REFSE S et sm 500
i's br eady f %glbhtf, C%A!f‘glouﬁivél'; it Sduld Hgftz*%wdiﬁf%ima i4meguay Fpifonﬁeﬁaﬁnb hriyLmitagal _
substrate tq first position . .,As nmentiqned, liftin .the perineter
pi ns over cBAES S?bég‘P%'dlreWH‘oﬁd’lqs&ad@t_hﬂUfe E@‘?ﬁ%ﬁhaqdﬁ” é?eﬁ“"g‘é’j‘};‘b\‘ml | e keepi ng
substrate 4@daRohid el @indieh GRSy, Bird pintad 405 HRSAMY R Havd Audh WérNg by the
perineter pins, center pins 320 nove to en&age substrate 402 at first

posi ti 8h 3bagausg theshbspigte;protoats iFfrom tscplasma agf Hig arabovedt I &ypicaldy fleadad with pj ns
320 may begu firi her ' ' 30 §R GordchddFhonP@E blabidy 324
However, it hiﬂg cglrne é?’é%?%g'f g? mgsredgifmn%féer%#ﬁspﬁégd to(br etach _foi rst.bposi tion
324 bef or eenygntreent pinchthe B@lPmerizatiprsthat rsay qeogsiufihgsibstraterrntessing HerigR@r pip
engage subsirate 402 before substratge 402 reac [r ition 324.
r TS shown U be e ik pSbRRbe 20 e Sl ORER D e B |

substrat e #iplerhentasion,Qatimpepih 380is pRioed dboushmm idsibethb eubsteate edgni Hdweveat 30
engagenent , of, substrate 402 and movi of substrate 402.. enter pins 320
may betonisdt &Y aﬁ‘ﬁmﬁ‘ﬂ%“ BARsTmAeERns %@ﬂ‘%qeea?[e'ﬁ‘f" Vse%'ﬁﬁgdrlrg%nag’f g‘f/pozifcp Yt st
posi ti on 3afervbRtionsPid:8atp kHeSulstiQte ARY6r chudk Ferittdier20D3 WO 001 59007

PCT/ US00/ 08176 to second position 326, although it is not required (i.e..
they may be retPedfileRepin 380 albdinglup&iathiddIe pbsioh AV L thdDiPavels tr@mt v paid obgalsenoved
fromcenter pins 320. As is seen in Fig. Se, a transport, arm 502 npoves into
a transfe_r40;§6§f“i 1008 ﬂ‘@h&‘HéE‘fJPO‘%‘UB%‘tﬂPedf"ée“#B‘??5 qohl”_% O RET § 6l_§,a“dc?“é(nsport
arm 502 Wi dehyifsQhhst BaATRS SubdAnliaAh QAP hR PEHABRESSin RlapBe &30 (e ADebwguased,
perimeter pins 330 are preferably disposed bel ow the El ane of the transport
arm A30 shwaser #08 Fidpacked gregseoase heldiindisbyeen sgatn 4992andA00h Havsher 810 o accept
substrate t ' t , te@n!sdbp £513 debiSHq"

initial poébsggl(‘)r%@{anh?lidd@é g%lsgﬁg%%%ﬁ?@?&lp é%%fiﬁcgﬁgi%cgtaa&atee P 4505 {))Iﬁa transport
arm 502. However. it is possible to configure transport armto clear center
pi ns 320 during substrate novenent, thereby obviating the need to retract
center pins 320 prior to substrate ;



10 renoval . Transport arm 502 then noves substrate 402 to a | oad or unl oad
st at'ion (not shown), leaving lifting mechani sm 300 ready for a new
'substrate, as depicted in Fig. 5g. In sone situations, ag8i JUNf20§ansport
arns are used. one for |oading substrates on the chuck and &

unl oadi ngVO#PEWPAt es from the center pins. These two ar M ,413%) lg%gr ate from
opposite directions working correspondingly. A new substrate 504 is

sel ected, a d:anaamsapﬁehn@teﬁbm%otde@y&ﬁomaﬁab&bﬁ@ﬁxﬁe@ﬁlnﬁﬁy@e Hagosyd
position 32 @}Nust above chuck 310, as _seen in Fi Center pins 320 then

move up and Peligheatherkeions (PEEK)t Howeyer. itrsiouid pe S‘iﬂﬁg }hé%mlddl?@omovﬂﬁhsmmndar m
502, as sho S be | owered
byt 1 anspor DA oy Bt ol ROl sftadle mREAlS HRbAE R ke D opar
arm S02 novesbstantally resisant tecpnredstrisalbange o/ Goue whstmi,untlaefﬂcpomgssmbetw&en this
oi nt, nt i S I Iy t ur f 312 of
huck 310, SioffL i s iy abner QIS pdflhe =R Bl Al 16, Suinediz . 2504
to hold it brasqslpamaetdmm A%P ¢ovacte asnapging@lldnPnapgingely4 alse haries thaermgisttg; foew

substrate 504, chanl or ele iC rn| ol t age of

ol oot 1 o5t at PHTRITARR Sy PRt nh M At bfedpamal SR el ol
substrate ppmﬁa%&gia;bxhoﬁmmm tPestanot16ds donfipurad foltonadt stdard piarhen piaas and
ey y moB6 SR RRES i PIeTEET GBS B DRIV Hansy PR e HiHen BHfuck,
in one ﬂUbogﬂaﬂﬁﬂmvheﬁm?xsﬁﬁﬁﬂlﬁ@hﬁfeb \iftihg FBmEEEind Bb! Ao sh&wil BAYE 4L Q1 center
pin to support the substrate at ﬁe position suitable for removal fromthe
chanber . | noptissel sphitslingri@a shat ten@sem@m;@mqm af chiel 3p@ tahmerehe qpripnatiy vemaeved s

woul d be CO%E‘PASL%@EB%’%‘W%“ jﬂg\fﬁ%ga%rorc*dg k3 1preferred enbodi ment of the

present inventlon nove ts o ter arrangenent 300 are

controlled with Jﬂoﬁé%}ﬁt&iuﬂéx{t BYRBLY oPlHE ARYBIR mn(eknﬁﬂh% £I8q0kdEHineq@! 1

that is supplie e alr cy er o center pins or powering its
novenent i sb}pézptilsahtwnetdbd to VV@nOhH a0gaR @Orﬁthtlswf@@©3thﬁ>@wctl$mmm6hspl it

away to,po (Fldlt h(ta’or 131%%81 st TR f?rst ptogﬁorp g{og@eo:e fit' Efehﬁo a rwg)tqgarslt stopn% of the of

val ves and cont hat are cou € cen pra-art

cylinder, ttesidirdlcharge shequwens ehedfoldifpfofe nemigae Sﬁ’ﬁdw"mbsltraﬁl glfa&) asthy be
reali zed. Moreover, S‘ﬁ‘d& se t he erl

ﬁ‘r pin lift is 1., the perineter
bi ns. Ty f URVRR PHSORODEEL e PoBoT PR e PETPEFIea mibaiedt U S
size of theofRE subBERE (aPihih it ARASABIY tHEEYbRMRteS FBlbier 1oAHY AMaBOSTIRSNck)

smal | er perineter pin arrangenment nakes it possible to retrofit old

machi nes t h§9rr¢sa9ndm&>e thejcapaciiencs paibe resigual shagmindeueaseandithpsregltingryoltage
perinetgp. JiGnd @filel !shﬂr&séﬂbﬁuﬁﬁ-@‘?ﬁé anunt mhﬂ'ﬁ@ %‘%Bﬁstdn'f)v ¢QihePRoreihe hxgﬁcr

depicts lifting nechanism 3 a Si n? e alr supply arrangenent

Lifting necwdmgathﬂm&nien@pw@laqgerrdrmao ipgerihat 53ds Qividive Bcbarepefhthe320

cont ai ned 'Ehﬁt 10. For ease of discussion perinmeter pins 330 are shown
grouped together, though under rmst ci rcunstances will be arranged around

the chuck peri ”e,&c?drmong y,% %%}égg(gq? ogllilpn §'d@%l‘fﬁm§d in v?éw&fi t xﬂBﬂe@&g%ﬁm

600 i ncludes an air cy |V|ng the novenents o e center
pi ns 320 anganappri mnmubahueamly usedllto hd@or @Mdtahahstmts Thtlrfwdmh arm re@cheds

et ST Bl B P TR B
second fl awleasd mgmy bﬂbw@ﬂaeﬂow&l{ poitiod bﬁme CAaBRpsroare roe bemcslancmgm that wekks 0
drive air Cv\irel& is agout %%% u\)/ ocrg1 I'chle)(sur ace of %%Quciué’ Rnl Ibgt(tjon\xM .s&rgcea (I>fr the substrate.
However, it should be stated that there exists a plethora of substrate processing systems and
each system may require a slightly different height. Also, for substrate transport it is typically
30  necessary to lift the substrate much higher than the first position and therefore the second
position is set further away from the surface of the chuck than the first position. Typically, the

second height is determined by the location of the transport arm and other considerations



Second flow controller 612 is configured to drive air cylinder 602

vertically up when supplied with air. First flow cont ra)él\ﬁWN@ﬂ%i s coupl ed
‘through an air line to a first valve 614 and second ?0 flow controller 612
is coupled through an air line to a second valve 616. B I are
coupl ed WRg#7an air line to an air supply 618 that d?#@#@méﬁ? to each
val ve. Basically, the valves are swtches that are arranged to control the

direction Qgsoa'h@dwﬁglgws{rg@a,hﬂsym.bot h valves are electrically operated by a
controller (not shown) such as a conputer. As shown, internal air cylinders

604 are coupl edintZab@etEmtRBinRht. tHelpRBmbter SALROELnNighrée tdlift the subkBatk B shgler to
activate the upward novenents of the lifting arrangenent, the controller

act uat es sdistaner Refire the gamer pinsiraake senters With therspbstrate s it thegbstwterte dhel er 612
and i nternala@ls i 4 I, i rol ir i nders 604
drive peri !’%“Zdr“ fgf%tnbggghﬁ%l@?%%mﬁar@a? ﬁ‘gggﬂ".@gﬁ’& i&tog{:lﬁ?rg@%%@r?tce'ﬁ# time. air
cyl i ndes 60ivsibstatereogagamem. bresoaesastdncess the perimetergriniwilklifhop forebdut lp  As soon

as first valve,b 14.i.s actuated to ,vent th ont.r er ir l.i nder
602 o 30 sBRd Bnctigh il 1 bet 85kt Wb of ko SRR B i hucBle ek e O
in the art peramdalphischacke rokenald haddisg forastbemizemnthe sabistrats appiuyfaed, theteanten it

cannot nove unti | thek&%ufal et i_@ al lowed.to .%ent " 2b§ JL*PNefZOOP, MO 001 59007
PCT/ US00108' 0% \CAREREE M5 TAPTigte. i'he BRBTAYY PHE YHO BT HAF °EPH TS ROl v

ar r angemenivheiBe cénté PnsMnodk tHe sttaiado \hakacondpdiition €t sBbdqeRe Qiberat@l ve 614
venti ng because the arrangenent is shown in the up position. Furthernore,
in ordéf tEMWelerse the novenents as described above, second valve 616 is
cl osed and actuated to vent by the controller. Subsequently) perineter pins
330 will rnove 'dWC’B@E%&l%SSW of s %Sﬁ?qtﬁ@thbilasm{oasﬁ%gw%kthvrrllgmg4) and t he
venting of n28eARM 368LNEhe Mitipht stdpd$vd RER inl dvERdmingtBd hold@hy Ror&lhd hﬁ,vﬁgtauat ed
by the controller to supply air to first flow controller 610. Because
second val §ubsEiteto;the pasitiondiyr svesaquentsubstrate rampvabt Fii Jagdepicisdiftingomechanisrer 610

it tend e SEiNEeRld oGkl 00 S8R A0EhAGE SF B K6 SN, Bisi20 oo

well. It sho i af or enerit 1 oned"arrangenen
linmting asibsirge 402 iy dovlemped/frém churk B E&irelde-cladpingmag inehids nethdnivel dri f t i ng

ar rangenent, of. e present, i nventi As can b een fr t he foregai ng,
he” bresenteftfi AErRheeaRLes" Kife byt Aol B B Rmenl FLPP S RE S B ey
of exanpl eclainping volv@ehndist voltiitreveisal) |, |As redntiohedad @sidedl hsldingtferce bl ng,
wobbl i ng, an dering, associated with prior art substrate renoval

t echni ques ngmgg F‘é’ssb‘eﬁﬂferﬁﬁ)lz?f“?fqﬁg%e g@(ﬂf 6%53 ! @3‘1‘%@’?"8558% ArsIDfPosgPY"ét e,

the transpaeiedthéter gifke30AhEEentct PRis B0 tHbWApobiin BdlewBstratk w0d. DR Ehis t he

i nventive techni que inproves substrate throughput by reducing the anount of

time tR&t PNt BitiggmeghapismA0pP dxrepdy oy 8Bt he residual charge fromthe
substrate. By way of exanple, it is_now possible to substantially reduce
substrate to sutigtiballusiratospesimetanpingy3Qlibing subsirate4Rao fisg gaddon Xdr er, t he

i nvention &@hﬁg&;ﬁh@@%&@ﬂmxﬂer i 'e}éonkpﬁqsiaean?ﬁlérai,@ffﬁl%%ogésﬂav@rn .cing

transport arns ate renpval . Additionally, "the invention, Dbecause
of the cendarwhlerkeeping pbstiataet03rbalaneed oo merimeter rims, 338r Subsdeuent tadifinsttiydhe of

using diff [ Z€ t [P 8 :

smal | er sug({sn?&g rglnlé’scgﬁtggﬁzgg {@e&?:vg rtl‘?éénrg\s@@r‘\lgtrﬁaﬁﬁgg{ %’rsit uogﬁ‘%t@ 3%\?%3@\%& he
ez

resi duat hBigdiendt should be asted thet sutef pios F0trhay bsgiadento gre perfimgtenpenst3dot he

smal | er subgtrale SHEN Al SUBSEEALE. Ll kg d8cANR o wehbl Fngudisionot @

si gni fi cant PrEBIRIRIOR 324 Hiowerds it s RHEraRls A PR R P AR 8RR K PRstiOB e

enpl oyed f 324 Befur@evntes pins B2ZALIESR alseposivianfokeater sia 300 td dngagrasubimtesto2 pefose f or

initial lifting) and smaller substrates . ich do t. require the use of

the peri net4eftr ‘H@ r%ﬁ?ﬂeséPf‘eﬁrﬁb‘{osﬁ@F ﬁ%‘{j "B%/‘_g\ém’é”“df‘ g%ﬂ@é‘_’#%g’t‘%ﬁfgﬂemem’ _

Fur t her mor ghel Bigis BIV/EHNd s0Bs1ie\@@3 td feorfdfokifdh 916, NEdhb@l bk bbg i khaBChi Nes
30 engagement of substrate 402 and moving of substrate 402 by center pins 320 may be completed

in one step. Also, perimeter pins 330 may stay at first position 324 when center pins 320 move



because the perineter pins are nuch smaller and may fit into areas that
typically have space 30 |imtations. The perineter pins a m @ 3 than
previous perinmeter pins because the inventive perineter pins of the present
i nvention are powered by the sane air supply as the center pins ~2 ~ 6
JUN 200 WO'@®BIs38007 PCTI US00108176 and therefore do not PEHUSHE8YEow
controls and in nost instances include an internal air cylinder that

el i m nat es LHgcHRRRshiaf 136 laﬁﬁcﬂn@hﬁ)gﬁft?&ls & e Aot Mg this | nvention

has been descri n terns of severa erre |rrent there are

al terations, permh?st Og??ua?ﬂ%@g | 45 gﬁa §re‘MHvﬁd"fr&ﬁlcém m'saotﬂgls% g of

this invention. hat there are ny al terna
ways of i anFeﬁ?éntalmgSmn@nnéﬂhmdsesamd agmapseraositientogtcephwbgtrates4fidt Inisament i on.

e ther ehiael RISt hgh ol SLLOUAS.AROSURA.ALR 1B IS dliSLE et e

as incl udi ng I'ons ernmutati ons utval al |

wi thin the tpedreetepiins BOaerrsfembB dmfpoieueelpwebemanelotﬁﬂemﬂanmrt afn3. As shobmliN
2003 WO OOI 900& What is H? 081 % . An.a Srat us for
T e me, o SR oF gies HapRrians ST b Bistior e AR SUTHEEALb SEn e pisy B SRt ot
step, said iapganiallf 16 MRRIAiGAIPISito AsiBe6H diiElET 1 0pledvifgdsubltiatd 400 @n Sahsport
substrate fromsaid surface of said chuck to a fi rsi‘%?osml on V\/nerel n said

substrate i &MRPYpJNEVEitdsRagsipleq FRE{IBYIE HARSPER, ATTHIG Ceeaf epnter Pins Aef dusigg g

peri meter pikhskRk RIvERLH: | HHEEDLVRLHPY BE AQAR0 ?enlaalcelm&qnﬁsqrz@ Brici o 3fbstrAL € f ace
of said substrate and said surface. said holding force being generated

bet ween '$ai eeneaysk tTransporhpren Haithengneveasubsiie #0750 8dead oprrjeassidtion (rat spwnand a
center pin iegcmgﬂgglggn ﬂdélgstn?mu tf%laf,{e%g&;asé Sdde &;teﬁmg gpm Gt second

position wherei sposed on sal cente uring said
novi ng, sai ditgtemnapPosi ttammrtbenngeilsndt trerfordeading substates ool thewhifickaed ofie foai d

o et oo Sl SRS, 88 g TARERU G a8 R B RS © %,
appar at us oﬂnraitxanm&kit{gemespormm@; pehewratbetratg 504 is seleaxdt idnedsportdat 56ai d

substrate durin lifrin 4. The tus . of claiml wherejn said
center pfn MOVEY %Sﬁg?’étetstg“t"%%s‘??@m RASILGR 3g§f %ﬁffs"t"f‘%{‘t:gm 3 seepn gi‘;tr at us
of claim1l wherein said_perineter pin and said cent nove in a
direction per pentftUPHS 30 MeRmeve b pierauBagsgey S“blsﬁétegé‘b%dg{fh’élué'fabEYeal m 1

wherei n sai gaky@brelhitfsF205CBotR irfiig. 3i OARerm@BleHURdw GBRFEELS 1AM JovieiRBly at e.
14 transport arm 502 onto the waiting center pins. In Fig. 5j, transport arm 502 moves away,
leaving new substrate 504 on center pins 320. At this point, center pins 320 slowly lower new
20  substrate 504 to surface 312 of chuck 310, as depicted in Fig. Sk. Chuck 310 then clamps new
substrate 504 to hold it in place during processing. Clamping may include engaging new
substrate 504 mechanically or electrically (e.g., turning on voltage of electrostatic chuck).
After clamping, new substrate 504 is ready for substrate processing. It should be noted that
although the center pins and the perimeter pins may be configured to move upward at separate
25  times. they may move together to lift the substrate off the surface of the chuck. in one

embodiment. The perimeter pins may then retract to leave the center pin to support the

substrate at the position suitable for removal from the chamber.

In most instances. the center pin and perimeter pin movements would be controlied
separately. However, in a preferred embodiment of the present invention, the movements of
30  lifter arrangement 300 are controlled with a single air supply arrangement. In this embodiment,

air that is supplied to the air cylinder of the center pins for powering its movement is partially



2 6~ JUN 2003 WO 001 59007 PCTI USO0/ 08176 7, The apparatus of claim1l
wherein said chuck is an electrostatic chuck. 8. The apparatus of claim?7
‘wherein said lifting fromsaid surface to said first poQiﬁiJUNiZEﬂ%uffi ci ent
to clear said substrate fromsaid surface of said chuck to bre he

el ect r ostva@ P&59%80%ol di ng force on said surface. 9. The aﬂ’ﬁgf‘%ﬂ)%@”c?f claim1l
wherein said perineter pin represents three perineter pins enployed to lift
sai d substrai; i d. Fi bt Ao QL ok : | al
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wher ei n sai erineter pins an id center pins.are power.ed air. |5 12.
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power ed by fefifeapis RAWAINcEMUIIERUt thduse Dif @oappatdletsand theffdre the bizebethei n sai d
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to renove SENMCEBEAraRETERAYLSsHALhARRRREGHTEY, LI CLRAFEEIEPR i s di sposed
in said seGeRfodpRfl hhi it pbésiblel BQetATR BldGhA¢Rined thet rAdyRate MARERYphceTs: d
substrate is not in contact with said perineter pin during a portion of
sai d novi ngecommadating Bias AtdbrReAMISr-of claim | wherein said perimeter pin
remains at or below said first position when said center pin noves_ said
substrate from Jaiferilitatedhis grpeqt PF‘B?}N%F“EQP’E“’@@C%&& dsBiststlifiifg mechanism 300 yne

2003 16. A i j in® e i b&thGe K
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conf i gutted and centerpins 330 sersainaddn ehuck 3 H. oF o5 gk E diseybsiempatinweter Ring Bék &e hol der

when said s te is coupled i S3] [ h er by
2 ol di ng FHREERlfkd Sect R Seh Syl eGSR nilie Amiflel pBURE e SRLRC

pr oxi mat e tperimeter lak dieéi8sed@firlisai d substrate, and configured to nove
perpendi cul ar to said surface so as to break said holding force between

sai d substrate 8imglesad sippip aitangeraar 60Mindiadestay alricllindagoRebddrbtngshe at e from

said surface to a first positi, sai,d substrat i .di spesed on said
Frrst *pi n dtheRghsal S beoke ping >0 0ang 52 laa e BELAE PBARGRFER, o7
center pf gRtifle@tisi(dsshéwn ATog. APtk dGURE thetntovemwgs df Rripefeppingdituldr to said
surface so as to _transport_ said substrat eeway novi ag sai d sué)étrate from
said first Splrder fQinelgdes adiet day cpryraller &P apfasesopd Bay qontipler 412t Emstdloy sposed

on said secgmtbiRk 81 thftEured to drive air cylinder 602 vertically down when supplied with air.
Second flow controller 612 is configured to drive air cylinder 602 vertically up when supplied
with air. First flow controller 610 is coupled through an air line to a first valve 614 and second
20 flow controller 612 is coupled through an air line to a second valve 616. Both valves are
coupled through an air line to an air supply 618 that directs air to each valve. Basically, the
valves are switches that are arranged to control the direction of air. Additionally, both valves
are electrically operated by a controller (not shown) such as a computer. As shown, internal air

cylinders 604 are coupled through an air line to second valve 616.

25 In order to activate the upward movements of the lifting arrangement, the controller
actuates second valve 616, which sends air to second flow controller 612 and internal air
cylinders 604. Correspondingly, internal air cylinders 604 drive perimeter pins 330 to the first
position. At this point in time. air cylinder 602 does not move because first valve 614 is not
venting. As soon as first valve 614 is actuated to vent (by the controller), air cylinder 602 can

30 drive center pins 320 to the second position. As is well known in the art, a balanced air

cylinder, which has air supply at its inlet cannot move until the outlet is allowed to vent.



said noving, said second position being further away from said surface of
sai d work piece holder than said first position. 15 17. XgeJgNs2085 of claim
"16 wherein said first pin is contained under said substrate during said
lifting. 18. The system of claim 16 wherein said hol di ng, Sg&“ due to a
resi dual Q&% harge on said substrate. 20 19. The syst claim 16
wherein said work piece holder is an electrostatic chuck. 16 26 June 2003
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The syste O&Fn?},al m 16 wherein said first pin represents three pins
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reducing the amount of time that is normally required to bleed the residual charge from the
substrate. By way of example, it is now possible to substantially reduce substrate to substrate
cycle time by about 10 to 20 seconds. Further, the invention for substrate removal permits the

20  use of swinging or arcing transport arms for substrate removal.

Additionally, the invention, because of the center pin and perimeter pin combination,

provides the option of using different sized substrates. By way of example, in cases where a
smaller substrate is used, the center pins may be enough to overcome the residual holding force
and be sufficiently spaced apart relative to the smaller substrate such that substrate tilting

25 and/or wobbling is not a significant problem. In this case, the same lifting arrangement may be
employed for larger substrates (which makes use of the perimeter pins for initial lifting) and
smaller substrates (which do not require the use of the perimeter pins and are not harmed by the
presence thereof). Furthermore. the invention gives the option of retrofitting older machines
because the perimeter pins are much smaller and may fit into areas that typically have space

30 limitations. The perimeter pins are smaller than previous perimeter pins because the inventive

perimeter pins of the present invention are powered by the same air supply as the center pins



10 29. The systemof claim 28 wherein said first pinis proximate to the
perineter of said substrate. 30. The system of claim 29 erein said first
pin i's contai ned under said substrate during said |ifting 613U812003he
system of claim 28 wherein said second pinis proximate to the g nter of
sai d subswo&e/890032. The system of claim 28 wherein said %Tr“ést"o’ﬂﬁ and said
second pin nove in a direction 20 perpendicular to said surface. 33. The
system of clai o 1; S i ol i tic
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source. 15 %gJ‘.’IP‘FHfé'né}V§W§ﬁP‘6‘far&f’IS&P?ﬁ"}é}Pevﬂ‘i%sF%‘i‘ ‘J%E'éﬁ"d first pins are away from
a novenent path of a transfer armenployed to renove said substrate from
sai d chanber when said substrate is disposed in said second position. 41.
The system of claim 28 wherein said substrate is not in contact wwth said
first pin during a 20 portion of said noving. 42. The system of claim 28
wherein said first pin remains at or below said first position when said
second pin noves said substrate fromsaid first position to said second
position. 19 26 June 2003 43. The apparatus of claiml wherein said
perimeter pin and said center pin are used in conbination to overcone the
hol ding force. 5 44. The apparatus of claim1l wherein said second position
represents a substrate renoval position, enabling a transport armto engage
sai d substrate and renove said substrate fromsaid center pin 45. The
apparatus of claiml1l wherein said center pin and said perineter pin nove 10
i ndependent of one another. 46. The system of claim 16 further conprising a
first power source for controlling the



novenments of said first pin, and a second power source for controlling the
novenent s of said second pin, wherein said first power %)'g je and said
second power source work independent of 15 one another. ﬂﬂ)arat us
for moving a wafer relative to a surface of a chuck, the wafer having an

i nner redYQM/R/MI an outer region, said apparatus conpri Fﬁé’s "g’sbgrl nmet er
pin novable relative to said chuck said perineter pin being configured to
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6. The apparatus of claim | wherein said holding force is due to a residual charge on said

substrate,
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employed to lift said substrate to said first position.

10 10. The apparatus of claim 1 wherein said lifting of said substrate by said perimeter pin is

before said moving of said substrate by said center pin.

11.  The apparatus of claim | wherein said perimeter pins and said center pins are powered

by air.

12.  The apparatus of claim 1 wherein said perimeter pin and center pin are powered by the

same power source.

13.  The apparatus of claim | wherein said perimeter pins are away from a movement path

20  of a transfer arm employed to remove said substrate from said chamber when said substrate is

disposed in said second position.

14.  The apparatus of claim | wherein said substrate is not in contact with said perimeter pin

during a portion of said moving.

15.  The apparatus of claim 1 wherein said perimeter pin remains at or below said first
position when said center pin moves said substrate from said first position to said second

position,
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109%& @hld%uffé&gﬁ' shid-wdrk picee %ﬂlﬁéﬁ"ﬁ’ﬁélﬂoﬁﬁhglﬁrce said work piece holder including:

5 a first pin located proximate to a perimeter of said substrate, and configured to move
perpendicular to said surface so as to break said holding force between said substrate and said
work piece holder by lifting said substrate from said surface to a first position, said substrate
being disposed on said first pin during said lifting; and

a second pin located proximate to a center of said substrate, and configured to move

10  perpendicular to said surface so as to transport said substrate by moving said substrate from said
first position to a second position wherein said substrate is disposed on said second pin during

said moving, said second position being further away from said surface of said work piece holder

than said first position.

15 17.  The system of claim 16 wherein said first pin is contained under said substrate during

said lifting.

18. The system of claim 16 wherein said holding force is due to a residual static charge on
said substrate.

20

19.  The system of claim 16 wherein said work piece holder is an electrostatic chuck.

16
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22,  The system of claim 16 wherein said lifting of said substrate by said first pin is before

said moving of said substrate by said second pin.

10
23.  The system of claim 16 wherein said first pin and said second pin are powered by air.
24.  The system of claim 16 wherein said first pin and second pin are powered by the same
power source.

15

25.  The system of claim 16 wherein said first pins are away from a movement path of a
transfer arm employed to remove said substrate from said chamber when said substrate is

disposed in said second position.

20 26.  The system of claim 16 wherein said substrate is not in contact with said first pin during a

portion of said moving.

27.  The system of claim 16 wherein said first pin remains at or below said first position when
said second pin moves said substrate from said first position to said second position.
25

28. A method of removing a substrate from a surface of a work piece holder in a substrate
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thereafter, moving said substrate with a second pin from said first position to a second
position, said second position being further away from said surface of said work piece holder

than said first position.

10 29. The system of claim 28 wherein said first pin is proximate to the perimeter of said

substrate.
30.  The system of claim 29 wherein said first pin is contained under said substrate during
said lifting.
15
31.  The system of claim 28 wherein said second pin is proximate to the center of said

substrate.

32.  The system of claim 28 wherein said first pin and said second pin move in a direction

20  perpendicular to said surface.

33.  The system of claim 28 wherein said holding force is due to a residual static charge on

said substrate.
25 34,  The system of claim 28 wherein said work piece holder is an electrostatic chuck.

35.  The system of claim 34 wherein said lifting from said surface to said first position is

18
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37.  The system of claim 28 wherein said lifting of said substrate by said first pin is before

said moving of said substrate by said second pin.
10 38.  The system of claim 28 wherein said first pin and said second pin are powered by air.

39.  The system of claim 28 wherein said first pin and second pin are powered by the same

power source.
15 40.  The system of claim 28 wherein said first pins are away from a movement path of a
transfer arm employed to remove said substrate from said chamber when said substrate is

disposed in said second position.

41.  The system of claim 28 wherein said substrate is not in contact with said first pin during a

20  portion of said moving.

42.  The system of claim 28 wherein said first pin remains at or below said first position when

said second pin moves said substrate from said first position to said second position.
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44.  The apparatus of claim 1 wherein said second position represents a substrate removal
position, enabling a transport arm to engage said substrate and remove said substrate from said

center pin.

45.  The apparatus of claim 1 wherein said center pin and said perimeter pin move

independent of one another.

46.  The system of claim 16 further comprising a first power source for controlling the
movements of said first pin, and a second power source for controlling the movements of said
second pin, wherein said first power source and said second power source work independent of

one another.

47.  An apparatus for moving a wafer relative to a surface of a chuck, the wafer having an
inner region and an outer region, said apparatus comprising:

a perimeter pin movable relative to said chuck, said perimeter pin being configured to
move in a linear direction between a first perimeter position, engaging said outer region of said
wafer proximate said surface of said chuck, and a second perimeter position, placing said wafer a
first predetermined distance away from said surface of said chuck;

a center pin movable relative to said chuck, said perimeter pin being configured to move
between a first center position, engaging said inner region of said wafer proximate said first
predetermined distance, and a second center position, placing the wafer a second predetermined

: : . {
distance away from said surface of said chuck.
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center position.

49,  The apparatus of claim 47 wherein the movements of said perimeter pin and said center

pin are separately controlled.
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