SYSTEMS AND METHODS FOR CALI BRATI NG END EFFECTOR
ALl GNVENT USI NG AT LEAST A LI GHT SOURCE BACKGROUND OF
wa kiB9lo861ENTI ON [ 0001] In the processing of PCT/US2008/087775
sem conduct or substrates (e.g., wafers), plasma is
SYETEMSMND MM ETHPDSFOROAISIBRATING BNPBISFRECTOR
processed using a plasm processing system which
typi cRLEGNNENEY) ﬁ'wo(mar LIWAST ArbéedsTrigORlies.
The substrat eeé . i s disposed on a chuck
i nsi de a proc éﬁ%&jﬂh‘d%‘ilé )éluﬁrﬁné\fgifés’r‘r@\pr ocessi ng.
{\D(}(}}EOOOZ] § ﬁxeg)r?ceem{xoom)e\’ cﬁ}d\{@{efguﬂcﬂa Fge £ u{;‘ af%k} o‘ﬂ%ma is often
rocess no war er I aced’on

emplgd. bf fleaboproacdinl trstdes ack ;@‘ﬂt@x&h&nﬁi‘mﬁkmﬁ' hecenthy system,
effec ctural conpone gured for

is, a siry
W h*cbstaabalﬁ‘f P’h&*dﬁﬁép&)é% [EY OB B ARy TR e a!ﬁ@f*@wfw Seritpfer) is
dxsposeefdfchcit Qluck Sast i ﬁ@&symd 'nﬁmﬁe&nﬁn é 1&\'1}(%%&&3@{1@’ Fig. 1
shows a representatlve prior art effector- 102 for
{00023 uppor t ngleatovaber a $@%r dumidngi Mﬂ"erpimreaﬂshénie thonrvafer i3

Ll lystration oses porti.on o b 06 is
ty pm\éip di.,éﬂ St L[’I@G%gﬁfﬂ@'ﬁléf Q“i"{/’ ed ﬁg!‘éﬂg{lhb mgu i gn(g] 2GS @
ﬂmctﬁfaﬂf&ﬁﬁdneﬁ?&%@ ﬁﬁl%d fbi*\%ph@@i‘% t@é Rt BSEndRYRS hiR@ereNGe end

fector to pIC up he waféer from a wafer storage
Lngvaiss‘é’vt:céim%mpﬁai promrobohaen.t hie. hWalteys 3 gppositei oo end

O A AW Mt el o
poruohhﬂ aROEAOSEI 10g iTgtRwrlhe robot arm then positions
he end effector and the wafer over the chuck and then

wwm aces ‘EReiEFRT kB, fWanschyaler fapsip wawicpribe Edst pg first

ok the ond effdc & s dovnce
ol SBSA) 0 L5054 8, 0030 K150 L5 A5LEY o pER Cone
the wipeosgesitipesubit S entt hﬁ"emf ére mbﬁdsmtx&nbé i%&enﬁz@r&eﬁe anfer into the

t he chuckﬁ‘gun ng rocessi ng

plasmg ff FEpHNO Héwé@% We% DT atci E t@etiﬁfaﬁ@ﬁaéhzeﬂ
tmsm@l@sq ik p@d V\ﬁbﬁ r énﬁ tREL 1@9 El & t&e&‘r'u%ﬁ eigd ﬁﬁzln 2}‘] 1L‘éseth£ Q\ Jigerm the
effector, then the wafer woul rfect
dmd»cx‘ent&hmealprtEEmn&ve t he chuck when the robot ar m pI aces
the wafer nthe 05] Fromthe robat grm _ .
0004] D 1ol BiRE AR MR RS SR o B e s
contr &%ﬁte&ﬁxﬂ%p&tﬁ%hﬂﬂ@@éﬁs tQuRabk S il ect QPO he REMLAMNNRE bialck
to center the end effector over the chuck for the
duringprpos erasessias df tl}gmgdeﬁgﬁpr isAetiorti ¢rgleyed fedtiv aﬁythgim‘gﬂ\ and
the wﬁflécg%g%{fg&ﬁg&?ﬁexchxtewq §the. ehxs eﬁga?; { ?enrﬁl Q ater maﬁ{ IF{:: perfectly

OSI ron O

center@l Welkti et ehuaklmhc@:tth@Eoﬁ&ﬁﬁ:ﬁ@pialﬁ&hé ehfk carie gapkr ol | er
s to ascertain, inits own coordjnate system the

fﬁ{»‘ﬁ*éx:ct Feenthonborarprenialiele PEREeERE, Bhu’@wu@éﬁ&ferh@v rbgcenter
of rhegchgﬂ( GNAGK e TRY R !ﬁﬁfé&n dt%ﬂ@rdtoale#tgpﬁlééng fffe&&e&t LM}&'(‘?\HC& for

processi ng exa
the pragwehe @it waimpl e tngnt. nccantiidy, fas senishyn pkak:m aneesing moduie the

robot ﬁ,{lg L%ﬂt}(&ﬁhﬁ?ﬁd{\g‘e{% Hé%{us f %péggqrggtgagziﬁuiita%/tlg:ehﬂmgk center. In

other words, the robot arm controller needs to ascertain, in its own coordinate system, the
exact location of the chuck and the chuck center since each chuck may be positioned shightly
differently i each processing module due to, for example, machining and’or manufacturing

and/or assembly tolerances .



during calibration involves noving the robot armto a
position where the center defined by the end effector
w@ bapesdies eferred to as the "end ef fector centkel/US2008/087775
the "end effector-defined center ") actually aligns
[0006h t h t He compeematafor t%hemdl‘eﬁ?ekt.m ‘Tochoemphinstntethd typical strategy
ctor caI i brati.on I S _necessatr, {f&t hat

during éo&%’i DL RGN TROYIRS gwéc’rgl])cetailnﬁ t f POSEPY Rihe %ﬁhn center defined by

the en@lfREbOHephHeie@bd GBI “RASHELLOPcorhd” LR BePLhPEAREs-defined
the alignment of the end effector-defined center to

centert hacwhlie kligrsnvidy thie seviecaithe Patiéd Tgic nfgnahsmamﬂ ictigelegcalibration,

s n%:%gsbztt\t flélﬁ{éle Opre 'ttj 3 gﬁev\? SE%SELG%I&SF%T%QH%f P& Sf ot ‘)bgbs.;f atﬁhﬂmem
positiGRChané sabr i, Kﬁdﬁi@nﬁ%ﬁt & theynd edtunaidfiess entibrabke @uck center
centering protrusion for the end effector), which

is accgmpbilgd ppag adebrenfedanehapigal fadure pyig e hh@néb%ﬁq@tofﬂip@h ack or
K h i bration fixture. Since the

ML“th%}&Sgh]ggfgﬁngﬁg%ﬁg%latlve to the chuck, when the

[{}{}G”@nd ef fféehachanest sixagahmst kd}ﬂedﬂ&&y(ci‘&amlf}ea afnidr hﬁ px otrusion for

nd ef f ect woul d be .center.ed on
the wéﬁ&fektm )Tyﬁa ga*l? Oy ﬂbb"éidt‘ﬁ?%ﬁﬁ@ﬁ& Ehg @R 4P SErdlt i«af *éPﬁ’-ig% of the

calibrhfl® #8¥rel QRLMIR f'ixstm@qc&[més b R@QHQMG R QREL alih lﬁtu&ld fctor
or pushing the end effector against the key feature so
rests aghawst thhdee tmmge betedixturesths eadyelifevser wied keyeftgad on ¢he chuck.
Alter rator, 051t oned the. end
Typic él%f @8%‘8?“‘3@ éh &?ﬁgt%é\ aspgat? }‘e.?tH%: 1§ ﬁé‘f*&ﬂ’d‘f‘&f‘h‘é‘hﬁ“ operator
pullink@d Fﬁ% 1 Sihk Red Eﬂ“&%r #alsPhe I&Ee% Rk b8 Hab Siee@B Ffector rests
contr ol systen1so that the robot control system can
agangt dlecolrad, fedthret he robot control s coordinate system the
{000%2(;3' telf ?\gtée E)hr /(!é]%mt rth..r m}% n%x%ethﬁ }6[' %ﬁg@%“gﬁ d&{d!ﬂ%‘t RE Le\gf”e&ture the
operaff GuGEdiO8ss thdﬂﬁabbﬁmt pEITRIRNE Hhety h&wte:ﬂdtr@ifsﬁ G0k tha@ the robot
t he coordi nates aSSOC|ated with this effecfor/chuck
contr (gp}“gfﬁfﬁémz rcp@g.} i1 &g robat coplgolioerdinge gy B postien of the robot
t.. ct that the end
annﬂ%??@ﬁ&%?Qg %#ﬁ%gagéﬁiéﬁpﬂg&}ggFﬁgF y aligns with the
[0009¢huck  Cenhe productich.causeot frer maferht enddteentetedoordinates
s e APl S S5 s
muhu%ﬁa@ﬁ@ﬁbﬁQuﬁﬁhﬁﬂh&%ﬁng§§%E£E§§E&§hhhﬁ%cﬁs¥§I§W5:ANRanhdu
huckmmsmmmwxm@aﬁ\r% Bipentded orlaes (DolokanchNutbe the ‘»\ afer is
| k_.\{/Ré§1 43/ P1747 ary + SYST] [\/IS AND NI:;T S FOR DYNAI
PIACCOPY ERVERTT “BEAN &Ei"é TGN PAEE O Rey “D&S’c’?&éfl‘“r‘q&}ﬁﬁ

applidalVilis Rliddd PIVYBEMS ARD am? {OICEDS datReC Rer Rl INOENDEFFECTOR
inventors herein and incorporated herein by reference,

'\UGt\@éﬁth el PhaviM pddpEopoded YHd EAld Adeservekenumber
L‘\lRQf %%tfﬁ%'?@ G&J‘xx"‘lﬁe ";: Qﬂp‘%\gi £ takhg BONLAUR: T rkg;z{&»m T

gues di scusse enent i oned two

BE x\apfpum A DICEN™, SYSTRVE AN w&amzmpmramnm dENDen date
EFFECTOR ALI GNMENT I'N. A PLASMA PROCESS| NG SYSTEM " and
hereswitg g S VAN SNETHONS! mErPEvMIQEe A by GRIVENTe-BEsAnrdues have been

proposed to address this end effector/chuck mis-alignnient. Details pertaiming to techniques
discussed in the aforementioned two patent apphications "SYSTEMS AND METHODS FOR
CALIBRATING END EFFECTOR ALIGNMENT IN A PLASMA PROCESSING
SYSTEM." and “SYSTEMS AND METHODS FOR DYNAMIC ALIGNMENT BEAM

CALIBRATION™ may be reviewed in Discussion A and Discussion B herembelow.

fi



CALI BRATI ON' may be reviewed in D scussion A and
Di scussi on B herei nbel ow. [ 0010] However, there are
waele@atsdamt ages with the prior art techni que foPCT/US2008/087775
centering the end effector relative to the chuck for
[0010¢al i br atovenep trepose sisafinstueofvithithe ptidtverelearequesioy centering the

end B Bl S B PSR PR B b e Sy s

of chnRRPEQPEHRcEQinR R RN iR akisRhAL TR fPRNY ofleh k@i &Mhe mechanical
mechani cal fi'xtures nmust be fabricated and stocked.

fixturg eEredchAp postfount eabibirngranphy ditbagnt mshamiad dixufesmugtde

ve one or nore hard netal edges or

h the chuck may potentially damage the

foo1ighuck. adddbffixemnad byysidal nkliiGabikRFaiigdh hsy BORS b more
the field after sone pI asma cycl es have been execut ed

hard mejak fﬁ]éﬁpq&lo?@é@gi@\n@ﬂ Hsdlipek pay @nzenpﬁi}fcggagﬁgﬁ dke ghycky Additionally,

if thzsc(qg?ﬁx%ﬁ& §, 4 'ix% %bg&%{lﬂ %&L%ﬁrﬁxg&)h&% g&gb PR GRBA BLE z:s.dnﬁthc

Ve to roduction run
puma;m.aahmmc of inregluysé wal umaénnbhzatz heogndf df it e}a@;mot hecentered

chuck se dep sj ted cl es.on or ar. th
relativerig dhe (oK Follcevi § PTRREsTh mérf%c&dé W@“‘dﬁa‘dﬁ’é?“ BHPrIgon
fixturd B ¥¥§QQ§99H§OEMRQ%E§§&D Atk 88 or §9ﬁn}1@é{&k ¢ BSke off into the
constitute particle contan nation, whi
pmceuntie@mn‘@bt el)mﬁmoﬂ)?}wmqmmm prigkdsyng sbveheaus;eh ptwcies constitute

ration |?| rer 0{& at atnospheric pressure, the
“”“LErﬂ‘*BF‘“BP?“‘@ar‘ Brat PotYEChni que may not effectively

(0012 F’ﬂ?u pl i catd@ittingli e MRek sk BRsalibRtio® X Rl fodMed @Q&tﬁﬁqﬂx‘éﬁb Eﬁéﬂsure the
his is because during production, conponents o
prior 1§f @ﬁ@s‘yimqﬁemmu enmfwt@éfcm\abe@lnhwe thaaeduinns efax@sm@dumw
nts .;to.shift

pmdm mfl e{%n £ beraLBg{aweuz% PROGUction, h(l)jn menrl]i\%/fsr(g r%itrlfce ﬁmpes% e nly]odule may be

place@iitiee Rbc@BITRSEBNEGS e PG cbotakd tarsaifi Qr wendpbions
do not faithfully duplicate the production conditions,
dz{iufg@@u})@tx@m@g}a VBEEET BV I%kaﬁbﬁm.blét ﬁ@%\w\bm@mp}@@q_g}amm the
calibritd (JH% do hbt /Anﬁtuﬁﬁ?%ﬁzﬁ ;i 7 tp?ctdutg h@: @L%Ji%nfbeﬁ er'it
he en ect or ck al i gnnmen ositionis
caiibmranuahwl yot(te. pgssiblenvol vi ng the operator pulli ng or

(001 35) eat ur gusd S{lﬁgg £ gs%%xgéqnglg f‘)f&%ﬁl’“@;{ Qﬁ‘t_ g‘r rgsiﬁ.at Qﬁgé‘h.é}/ur chuck

muﬁ(,t}it%g%tg gn Esﬂ%r{o%ﬁ%% mg{xﬁi?gé SE) I“gﬁh ‘Wtrig g}tsdt'tglr ﬂx@(tﬁ}ﬁf{?hg’r o pushing the
end eifdacd oest oh agmaltln@lrmenamrfaﬁlthe mnc!wmdai tikmra)otbote maanbe a shift
. Qolnt roll e[. . eeur p[ man
mn ihe-x?&qt agr 8&1%1819 W elféﬂ'ﬁl P Wg el est“tﬁﬁa‘f} ’?‘H‘*é‘“%%}% 3 ‘mﬁf)‘t%?’“sr this end
effectdf @neR IR RGNS B tioVReR thhBbooRet cafmpyl TiSs shiBYnavedelr for

by a small anpunt that nay be inperceptible to the

many petseRs. gpdikroror cxdnple g et fhﬁyfh*# gyl mojass prigalecuerdapdi When

the mB&e’n ;%341& ? aéta{ \ eR H9G&RR1 a}:{ou 3@2‘&&% ﬁ% &%e%eg%%%qg e ﬁoﬁot

fabriov"t%%j %th <l [:rtg;& e(g

ccu rat

oper a@at Qﬁﬂ@t&iiﬂmaﬂﬁ%ukb @it cur@adh nig: dﬁ@bﬂiﬂ@iﬁ pasesk. W dledabidiion
an increase in the rej ectl on and/or failure rate for

PrOCesHg PAHHME aRer B HEEY $lacSuRIKRYnOPTINVERTEK P o g ding to
durtas’@? L Y& J:ﬂﬂg{gﬁmﬁk‘:ﬁi releRi@0 2 RI00E IR M 18 FEEIRRAEA broducts.
rating alignnent
SUMMARY OF INVENTION
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of an end effector with respect to a chuck in a plasma processing system. The method

including providing a first hight beam from the end effector to said chuck. The method
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{00261 Fig. 3A shows, in accordance with an embodiment of the present invention, an
tHustrative flow chart for the w-situ optical end effector cahbration method that calibrates the
end effector to the chuck center.

16021 Fig. 38 shows, in accordance with an embodiment of the preseat invertion, an
itlustrative flow chart for the in-site optical end effector calibration method for calibrating the

vertical position of the emd effector.
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that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or stractures have not been described mn detail
in order to pot unnecessarily obscure the present mvention.

[0030] Various embodiments are described herein below, ncluding methods and
techniques. It should be kept in nund that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
mstroctions for carrying out embodiments of the inventive techmique are stored. The

computer readable medium may include, for example, semiconductor, magnetic, opto-
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conput er readabl'e code. Further, the invention may
tasks mrsmemerm!apmamb uéds mwmprz a‘é‘tdmmimrfenﬁommem«smdﬂdh 4

«renerﬁg il d“ ;%osfz eanrg ‘%f 1}09%1 R %Pcp c{ﬁ(}grpn]?}éw gg\ 1?3\3,2 ) alf%%}kl zzﬁéiv

progriR@fbabnl fgy hﬁrr@ﬁb@@xmm@mﬁ ateB@phRyeshp ey dvarrhes
of such apparatus include a general -purpose conputer

dedicp@dperanyalie sutwt adampdarAbe Wreiaus &sih e tappe spephrdppnts of
ﬁwznprﬁﬁﬁa""Ed and may include a conbination of a

nput er/ conputing device and dedi cat ed/ programmabl e
(003 ¢| rcui l{iﬁﬁﬁd&mmﬂoﬁf 10e itvhativarclous maﬁk& Pperdpphmbd ot @gistering

nbodi me of i nventio odi nent s of
the cepiRgol W R Pl RObTOL AL B rsﬁggr Ty EoTgHler can
ascerth®9lsthe degt${Q§§I3Q§3Qt~ Qﬁmof n,gv?@iugh VU HhelcBudingd QP ke @ Whter in the

controller so that the rob arm control‘l er can
processgpnoddiln, Embrodinentsofiobe merrtmrmre"ekwfsmemsittx ln@tlmdc: and

of the chuck and t
apparﬁpb%ggg atz%% I¥& é’"“%ﬁ%’o&l“ﬁé ui lﬁ;rémr Hjéth\te t8ﬁh<aqu§381 surface
of thelc@h@t e to in-situ nmethods and appar atus for
calibrating the vertical position of the end effector
10032} el at i Vean wspetefuppresabiitaseomtheinensers drien] Gosatiza that the
in

robot ?mn u,nﬁ ucf{er 9 'm,t%n i rrt%%%rrl{qmmc}iﬁ'ﬂ% K3 stem lpe Miiey ;‘? }E)sz{;rm of the robot
recoénlze hat"'the ro rmqcon ro é

arm. S}me ﬂﬁl didd effleBot srawedae gidioBad @S #etroha: stheostsile@Rhn also
position of the robot arm Since the end effector is
relate gl ORSEOCHIPHB «.Ys(ysg’étth:éwﬁ ert Rasikoh ot the et edeitieigp|ikg robot arm
Eocdoll, 1S OWN coordi nate system the
wmf&g& g\lr\rﬁ(eg%}sakltﬁhoﬂs% ‘the end effector to the robot arm
{0033¢ont r ol esié & rowm fmdmﬂdimm ef thy ptesent 1 QO83Y, thacwnet position of
he ordOLE mbodi ment.s of t resent nvention,. the current. ..
the 'f‘ggé if‘th‘*“BFh PREdYhgeas %8&’8#9‘% L RIHGEFAIB N PHEVR spgtinate
syster@ ﬁk 6RBh QI8N wﬁ;@fh i@§t‘&?&t@'ﬁﬁ: dfel tr§m‘8¥\nr0(§19&{t%lﬂﬁt&d effector
system 1s correlated with certain features of
calibr @tﬁmt Knione or there et!nb(a:bmemel angiptienicendfefiectooaligrahdnb mhmqne IS
emp %rrr* ahﬂ{%’ﬁi ﬂo&‘hh‘f“aﬁé“ & ‘Wﬁbﬁl 6’;‘7‘88’ *ifmd Rt %‘ref‘{jﬁ Eeior, and the
end eSQWHIGE s&if o8 a, é)r@:lelhﬁg@hmﬁz?dﬁi fath @fr icathntRist H€e©BGbbtain data
ef fector, the end effector is sent on a predefined
pointscRirie 'ﬁﬂdh& patch fonard affvetos blelation. or der to obtain
ata pq e | ffect ‘o
003 :@al Cbr A @storq %)ﬁ)@ E]Qé EAIQ) v& uﬂ%‘%ﬂ%@%ﬁ%&pé{?ﬂé Jﬁfgggréggrl%rfg{m the light

s{)muf ghleak Qded th@ bhm&&nthﬁnu pltiuhgamuiar goriginey |di@htthe calibration
ource traverses over the chuck, including the chuck's .
path. Jl}f' é‘rﬂ‘[ﬁérﬁl mlﬂé hpnalé]z%b}rfih%mgg]ulziwé}@qtdﬁ, sﬁgpﬁtueméhc change m

the Rﬁgtftt,&?ﬁja]ﬁdib bl eA e %@m F}néﬂgﬁﬁr‘?{gh R 16l R G Onk Q&'L'(gl I8R hiAtarm

are Inaicativ ange I n
controller correlates the occurrences of discontinuity with the robot arm coordinates at which

these discontinities oceur. [ three or more data poiats (comprising discontinuity detections
and corresponding robot arm coordimates) are obtained, extrapolation logic may then be

emploved 1o extrapolate, m the robot arm controller coordinate system, the circle that



the reflected light as the Iight source encounters the
chuck's outer edge. The robot armcontroller
w@orpesasbes t he occurrences of discontinuity wethusives/ 087775
robot arm coordi nates at which these discontinuities
represranks uire clivkk tid/eethe chudy @ndat éih'm@bxtmgmi:étmnpmi‘ b pgformed using off-
N nt| nui ty det ctl ons and.cor r espondi n robo
the~ pﬁx&tté%l)s as Bf ‘a’i“ﬁ'&ﬁl“ é)h:ir‘v?élb(& %W}lgwu 6»11 wfjﬁ,ﬁﬁ& tor use
with ¢t mm@ 8.6t QueMef OveNt RapQkiatie atrdnﬂkEt@uE ORBlor dR of Woodcliff
control ler coordinate system the circle
Lake,tNHat represents the chuck and/or the chuck center. This
xtrap

Gﬂ?:‘e.tag of t Wa?{é“fné “’%%}é mag &:P%IF f(é‘i’ Igﬁ,bftéd %ﬁ étfek IP e m 8[] arm controlier

can cAiORTY HeGat i-ffcispid et RickQentds EN WEttﬁatWﬁﬁﬂ@ %o@i\éécﬁ’ﬁmcai end
Control |l er CVv-H3N, avail able from Keyence rporation

effectoy m@@@a@@p,iqcﬁmL@Rghe NI O[OS ERl Ashiafdy Jn ke Bat attaches to the
Qe o I 0 .
chuc I\CIBP{ gﬂﬁfeor g gg{f’nté"g gr% ?&i gﬁﬁg{c{g rt]% tifutlfxg% If ggato 13&%% jecessary
Accodendenbe dNoddatthats anitrkd eopsepodddho ptivical \»}'E’Bﬂi!lgd I".tard\-x-'are
ef f ect Q. calibrat i og t.echni que, the use of a

fixturg HRRepah o 80 VIR FERRHSY $IPEE that attaches to the
{00%@? huck fr% DR P ROSE B 1 SEGE NP sLRGBRY (8L %&I.«Pmut @) at th
he chuck 1s no | onger hecessary. Accordi ngly th
end eﬂsrcsajek%amége*geramd theirsikmsasSpoiate aptich! eleeipeico rcaldmsts on. In
other gg{e}g:ﬁ%é gbg artgi}/‘\ll%?ﬁg ﬁ’g‘ié&y&ﬁ aphy O%%Fttoﬁ-gg}“inthi‘entgr H’ggeqiwd
As lodlC&ORS affyetti@xnp@t%llkhpﬁbl&&%k 4t@hbxx&@@éx€dﬁef€&ﬁﬂ to tHea®8leffector-
source) at the end effector-defined center for the
dehnqgimzp@éé l@wﬁn\pieﬁlﬁwﬁhﬁingmmm itadah ignae @Wé@hm caaputiedabe orcle that
can

mplﬁaeﬁts %e gy ;é(g £ thc ée?{'k L%g{e] U3, Re Sm ppse s hlpzmge{‘%m (Pemeum«

I ned cente

dehn@lscehf&e tcofhk %@;ﬁtetf dsftm tiheklor ghte qﬁﬂlﬁ%mﬁ theogatdl gy eﬁkeﬁthequ ired by
end effector to the end effectordefined center is

the roReIGHR, toHpE Uy ufxglé{ﬂ%y L B g HOF HEIE ! Ay imtthgplak. Sull
furthef QFEHEhk Ag.LD8, & ;fe% h®nk aats_ :15&%%@%& fﬁ&%r%uﬁ K, @”&Hg% there is
c center for t ur pose o ning the e

a scnqef‘ flepted defli thedheenber it @ptﬂbie of enfuéiing ,Dfﬁn, Bimu. ﬁilnumlﬂcot&d light for
for ca |.cul ati he act ual .novenent qui red by h% ‘

the UG ET SRS Y PN THIOB RO ATBEE B (B Saiftigsel can be place a

any dRREUGLEON IR oBRideRE 1 MBkessiBl inlddufaur ther, it is
not necessary to position the sehnsor on the end

F0037¢f f ect dihe iftasebs andAstv hmage%a"s thdherention mayslenisder didsposetivith

_f“msgph %_gt t hat iensor [ @ﬁab e of acquiring the

refereer Pitag BRgres 219 TEEBHOM GAUISE: t he pur pose of

fooasglet ect iFRg 2tsh@0ds Oh @ERIHARE edtirSE AN Metif € inl-fifion, a portion
sensor itself can be place at any desired | ocation

of an imygiugetisn! aydieiceer @c;hbgﬁgnw@@@g‘gq mgmﬁ@;bgﬂz & laspopgre 2pRdwhich

is ;megﬁagé&k"\-ﬁ gé‘&af‘ﬂx tﬂ@%%ﬂ{?%e ol e% 1&’;{%@& aPﬂe 'if%t RS RELEESor 204,
tnder s nce to't

As maitsass Stiong dfeator Ladlbraven ;{L@@&%& thd Qght%&uﬂ@ aQws beldlibpo&ed
accordance with an enbodi nent of the inventi on,

anywhise pp 8¢ @ cAlcionasiopy ap Preiod et Resyeesrthe Belrsouwp .ﬂm«‘ 8p¢ lfector-
defindl LARPENERL ncl uding a | aser source 202 (which is
o mg] n‘"egr a{G’gm th a sensor in the exanple of Fig. 2)
[0039fount edherts 1$ hiso thapvrod clarcked. epfeotiog a204ck Apunted in the

end effector callj)br ati n pur p(i) t he
p:ochsthoggupE ansr«,m Qboca?fs%gyéﬁ@m uring calibration, the robot arm
controtter (not shown) moves the robot arm along a predefined calibration path to geverate at

least three chuck-edge data points. The movement of the robot arm along the calibration path



anywhere on the end effector as |long as the offset
between the |ight source and end effectordefined
w@emwveselss known. [0039] There is al so shown aPchusi08/087775
206, representing a chuck nmounted in the processing
causesp Hphtebeoln A8plrasdal by beaseiutg 289 st eaver®urdomgp path 210 as shown.

In on%g?r@?hﬁp%f %% h~,e Qh?hblgbdﬁ‘du %S:nggtlftlmggaﬂg)g)& %F}EWFE% PO sections

includd@l & (bRt GRNSS AL OnderihRas 1 5b bF 8Rick ek vadgsidabaam 208 moves
poi nts. The novenent of "the robot armal ong the

along pathi Ylathe spnspatdronlisksredet b g hphtbad nn@ogsphowiligedd bght for

ource 202 to traverse along a path 210 as

In one or nore enbodi nents, path 210 incl udes

foogoat | easfs ik\f&@b@@cvmmﬁke@a@hm@f?m&lgiohweﬁ]ﬁf&«,t ORFBof chuck 206, a
I ncluding at least two points on periphery 250 of

discongyelk 06 relgritgcelight ghscysargdpaihadees anglh i *ﬁsa@ Pflepeg Hight.

Vhenlthe 15 ol

W hmttﬁaé cii?ug(pfﬁﬁ(x tf g&ﬁft %h kltcp:‘?tdr {Lsrgg%tt i ljlugm»i «?8{% ng 5 ,Ré%lel%bﬁ Arm

posititteant286n stardikes spﬁsmt IAah hdkan ﬁio@ﬁg&lﬁﬁf pph éw iﬁéﬂcg@tﬁ strikes

dlscont in the refl Cted|l ht is
ﬂ@bit*%}é@céé@éﬂgea Rh@“%ﬁ%gﬁ%t ARGIYe ﬁﬁbt*@hﬂé %ﬁ?%@tfga‘tms are

ascert zmgﬁlt Agyme{\ctr&%t qhﬁ C&Qx%’&'ﬁ%" !utd¥g SMER: &b&rg%ggcii'i@gmnhﬂ@u with
robot armcontroller notes its own robot arm position
the conteniftosanews wbor diondinges ystterthe ntsn thenthd alm mbvesrataeng light
veam B8 o dg 43 il RS g - GHEY G SUGRES ROiPry oS with thei
cone@t&ﬁcﬂhsrﬁfo@a@%ﬁﬁéfeﬁlﬁ§gcchuﬂ§@| n, the robot arm
cont roI |l er correlates the ascertai ned di scontinuities
0041 t h th@h@m\éﬁp@b‘an@ﬁiﬂ%&@ sootrapolefedhnards rnwsmmm Hack 206
from irrg\{hxr:e ?;acm}m}u{? 1% \0"5} A m? %%Qee tt lﬁ dﬁ%B%‘“‘Pﬁ‘P’ é}eans are 16L~0ided n

HVersal™a ong
the ;.oﬂd}tam@fmmy kfsyerphdtiscle ﬁép@‘@snt\md the trlmikr" 06k 68 peddl R@mputed in
robot coordinates, are_ acquired, 0041% Logic may then
the ropes opslpe By st ekithgsoharentend thy ¢huck 2 %b*t“"é%‘é\h bg Frgdily
gomp&ﬂ@&'%:h%?&xﬁ Lﬁ&‘& ik LiL.ge discontinuity points. Note
that sincet d Iscontinuity points are recorded in
{0042 1] he robote taopal: AE} mag ygiresm drivearGitmcd jgaths eqaﬂeszeant tomgverse the

uck 06 can be readi | din th
chucki 6 TGS S aRp RO Lo R Rt dG Gros B cgnaRy points
Generd09 x;?tasﬁxr@l #2 r%t&zﬁ@lq{dr X‘mf@ Hﬁkﬂﬁ&’a ol Prdrd &erc‘?sgéﬁ would be located
coordi naté syste Not'e that path 210 may
and coagp pe&efnn iany eaﬁ*bdmm yh@aﬁ}ht m“anctmxgr@iietdmtmmter{h&/ erboearm in a
huck' s nore. | oca

th
mann(a*éﬁfg%gﬁgergtwef ‘elﬁgt W %ﬁ%é e g ébh?‘?‘Hlﬁ‘ﬁ‘é )PQB}& %tt.émnﬁhm?hg circle

represeBn@r @l 209 eakbd bty &@xﬂgﬁte@ pahakehphassiao P@M&Eh such
i dea where the chuck woul d be | ocated and could

calculphiogiainbe tiv lgycapbeummemcatiarietivgotor simvibAt\-8PPedertes
C anmgﬁéf%\g Iﬂe’”\f Q\Qgﬁ[} 3%?% 'ﬂ(ég gaerkn&i ?;alﬁgﬁ oﬂ\f&ackffﬁ}tl.ake NI

rat €s 'wi de paced "di sconti nui t t 0 ’ensure
[604; %t_] hat t I¥g:. QBrstxbeb r;emta&&n&e I&gth&h&&&xﬁ@ﬁerﬁ@m tHeeinvention, an optical

accur atel%‘ mput ed. . An exanpl e tool fo performsuch

arrangegleg fog e Hamfhbévﬁhé* KSR ety T‘—é’é’ﬁ aegp thgaynpet
urfach Qf LR OB 300G PREREDuERNEH @l L F 1Y fisposed
S P Ry et parar of &1 Ugain v aiesd
transtiND a light beam 232 (e.g., a laser beam) through a window 234 m a wall of the

dzsmmﬁzgetr S

processing module. Although the window is shown 1o be disposed on the far wall of the
processing module {e.g., the wall that 13 opposite the door through which wafers are mserted

ancl removed), such location is not an absolute requirement.



[0043] Fig. 2B shows, in accordance with an enbodi nent
of the invention, an optical arrangenent for
w@2000l08@b4 ng the vertical position of the end rET/E81008/087775
relative to the upper surface of the chuck. Fig. 2B
[0044ghows dhk hglbt sldighe be@B037 mag ropreschasesn &nbcndim)em the desired
eSS S DS SR ATl ol S Fpgor o
showi8 HisBose Aloh MRUSHY dfhRrhN AW tiR SRAWANRES Retefi 1S Qi@ﬁz?xﬂm@ﬂx hen
the far wall of the processing nodule (e.g., the wall
the isﬂh écdm g vbptpr@sﬂ ¢l dffpetod 3a¢ as mct)id@htmmt? mavaf elogge arvertical
a&gon is not an

L.ahim.t%)moqat]f ge & 13 dfx? ¢ niéiﬁ%tz(tib%atzﬁ biﬁqll “Ral ght of light beam

{{)(}4*~232 MW KA Bftm 23 NisalRiR A tHE Minsoit I cdles it 1BEiip of end
ht “above chuck 206 for positioning end effector
eh‘eugqbt%d

thei RBPIRER SR SR eCRd siBARBFODOheROr iRy sipy. the
onte > of, 44 e 3 I 3 VOTTICH
conte R O D e R e B iRy e iy verica
positist of de Soi&*m drehfaedte @Ellgﬂ(%&‘d&@l ﬁﬁduﬁlf}f;ﬁsm@mr@fl& m%/ﬁs:uor
along a verti cal brati on pat
(00465 ¢ ect PSS F’@ég‘*‘bz’&lﬁ PRI 2 PGM%& Wi 1 m@ﬁiﬁ %%aha%@dmbﬂ

242 aﬁ(i%qglto@q@dmmbé hensgRgor disposed at the tip of end
effector 240,” the robot armcontroller may record, in

EOUHﬂ he r ob\dtenmcmignon ati@nsxgeéh emzs ;odrs:etbémtntﬁempm éﬁ@@iﬂ@t&tﬁ@m from
Heht srogg. (5\17 QB\{T@ ézﬁjp g;%l*} g&g(g?rif RBH\ H?nr{, F t(}righ%ﬁ.itug}ims %&yﬂa}émnon of the
end cBEMHONE Bné OF mbeY drhiSrlih¥ntR QS ithd @BbNGnt RBuens hliesk@kad

[0046] As an alternative, |Iight source 230 may be
etfeciplfitt t@dnmwsﬂkm the sessalicalbatanbeh aowss Helt bamddk Dgmsor may
be emgﬁéﬁ? ?0 dtqllili c‘,ig] ﬂttﬁs%%im[e%q H B'fo‘nlntife e gctﬁ% v el %} f\q get} §e: t bﬁf e ’3”
striked mghéﬁefcrcmunl Qﬁﬂsuﬁxﬁﬁﬁﬁ@uﬁﬁ& rﬁ&dteﬂ@@kwﬂl@x bo ﬁscermmed Thxs

di scontinuity in order to calibrate the vertical
d!%t_mﬁé‘@ilﬁ gy ereops tedhpitie theasfiept coprliiia obibe pphd arm, thereby

t‘r r (s & 12 n el gt

L\SLI‘II?”??OIQ 5}3@) jlaﬁ ﬁ%eﬁn{}@é&g%@b £t t}?]@ \%82(?{1 ﬂl; Qf W éxﬁl Wove the
chuckpa¥ huaaint: osthcladd it h;qam&BQ emplogehiSoKk pmybib & ewphiayedsor in any

s t.,thimlé h%]ﬂlfl}lg rﬁ}? ﬁié tggﬁilogg%}%g %}Sﬁdtkgg%b(ilaf él? ;irz[]eilélf féiz.gol r*’%% IZOY acquiring
tight [dh8GANLIr YR datdd e reflected Iight may be
ascertained. This discontinuity may be correlated with
[0043f he cuFredt hovsdiratedaicettits anohoodanent of er mhyent invention, a
simpi@% i 0%&'{ (ﬁ}lalﬁy‘ néﬁ{]:p ! ?}fo ﬂ‘é\tqu]\g gélog?lg éé o‘g{;g‘i}g‘?‘%ﬁ% xgl%[jg%(%eihe chuck
centetVigRreh @2 £fifiechede [fughhs ARRECRAGI e & BEPANE the drld dffector. |
possible to nount a sensor in any suitable |ocation,
step 3Phchaarhefftceratiponyificte disshebeht onuter, inawredpgng a predefined
f | ht reflected off |ight
na;ee@o‘uﬁ%éqé%%%f B%&é] @]&% Orflé%gdL st i n accordance with

004N enb Oxlirive mike mfu drivent ot deent cifomentio the @ppet fptack bethe chuck,
flow chart for inplenenting qptical enpd effector
a lighthaamfiain bl ERISEREY & dEciedl &1}%0&’&‘%%’1‘1‘6%? of g chpdp Boetlected

tight Borh Higiot QUGESIs(R &lpcdaa?xd@m 11@%@&% AUESSInulitRe s U A86H 1§ 9
@fwe end” e??kec tor. 1 304, taﬁe 1}3 gt o'? al ong
discontirlty thecattdghgd’ ‘ﬁf"&;] hI{' ?'é}élu ﬁh&(}l}b&fmﬁeﬁnmm thg rabot arm
pOSitigrg gdrsjclr&ecfj {310}. The process continnes {(arrow 312) until a predefined number of
discontimuties and thewr corresponding robot arm coordinates are obtained or unti} the

trajectory traversal 1s completed.

&



trajectory path above the upper surface of the chuck.
[0049] During the novenent of the end effector over
wo b@ongppesr surface of the chuck, a |ight beam PeDDOS100&087775
light source is directed at the upper surface of the
005 {}d: huck. ATie tlree'éilltésitee:dmltihgiht pdinmrd feulred) I’&t\tispmlmim ibsig may be
guhr_e\d and ar zed for di.scontinuities (step 3 e
me qyf 5) %ﬁtgi&'&ﬁf th. p(r!ép }Lé é{il(lyé‘:d dl(l(i)fa(tfﬁin %gm. 8Ifn“}g68§‘n Qd:msm»
at lead Mige BROINHARY dbRAL LS déDled BRROIBDAL ARMLRASHS £8B8:tbS; defined by
recorded (310). The process conti nues (arrom1312
the robeftarm @nfm%@eadthwah pibercanbe dbwowd ek ngtitihede gnposhel eptical
coordi nates are obtained or

e“dﬁ&%‘tiﬁ“ ‘?g%‘qf“?goé}g “%/ka{ef fersal is conpleted.[0050]

[00S I ter Fhe 3Befivive] ih Qe &RRdcd WHlhyanRehidimed: @ f dfibdetinvention, a
extrapol ation | ogic may be enployed to ascertain the

simplidigd dlovwpdrar ‘ﬁﬁbﬁf}}*bwﬁ‘@ﬁhﬁ%\e’ﬁﬁd peaifipe Pl thegnd sleger phtiae to the
di 1 t 1 SGy
operSTBRETERS sl ) 8831l RSB0l BOUL S e o
{such by labérebenmiO dithg. CON by &Llﬁrmuh{@d tiel pounsdse pm ﬁtiscﬂb,a;m}sh&mmu the
obt ai {1ed as well for t ur pose of og{; cal gl .
end Lfé?fqi(él WSS RS FREPE hat mtx l‘éﬁm’%éﬁ gFe HEGETH Y oq:ﬁha chuck.
In »tug’ Br¢ hiQY@H 5(519(:@@88{ @apﬁ@u\% Jaf, ﬁ@ AB Qg kB er 9]1 b8 wall of the
present” 1 nvention, a sinpl d flow chart for
pmce&sam iboditle ngthe kiemmddmuhahbmmstm tlonk of othele dndprotdseiog awodule as

shm\q véc‘?y‘fg %gﬁo#q@{% bép tgg% %#{ﬁé?{i%ﬁ%ﬂg[ﬂ E\&%&Hﬁ#\ W!)gtﬁttttg\?lv arallelly

to the LPp@TsubBANI {((BYERMIRS: HASREIERMIE IS Ol elﬁ"egmr 2B)ichiSositioning.
ascertained for the purpose of vertical é posi ti oni n?

00520 he endp &fp 8¢3. @irww it favapeble of smspiarhe bsg/hgrmikaipcied to the

end e@ glaarnld cgnﬁumgc %% i}}nq}}e hen?m i3 nfqgamuc(f 35 mﬁh}» tite ia\&el%am as the

source Zsuc ource

end eﬁédtmfi@@bstam@ldm&.aﬁ bditirsindeuinaly mhetm;r@;&me(a@m eward the
modul e at the desired hei ght above the chuck or

chuckaidr g8 apRE ﬁp&’lﬂb@‘éﬁﬂﬂgumﬁi BHrEcal KR /intheiegd elgtomrgiuding

the aihégﬁﬁtﬁﬁw& <ok Sis @lo qu th‘?m Y ARSAL 4 @obARE Eu%bpf%gb‘l If ﬁm faser
substantially ’paral the upper surface of

beam Ghircdctat bit fhe sadast, tlede dm&ﬂghmu’feom m‘hﬁi{ afdrédatitos forelid mbaﬂ arm

...posi tioni 005 In ste 7 S that 1s
posit B S gl SR o S8 T Biefo SIS e bR ot or
ve Lrtzgﬁﬁdp&ﬁtﬁﬁﬁ&%t %Héj ef ﬁd?&' (Q.anach SRk RAbnd/ Bzemsgﬁ%{?éndusfor water

| pi nged upon | aser beam as the end ‘effector
piacemt;nlemtmdng?ka vert| cal calibration path e. g , in the

053 hgl Eﬁt:ggﬂ g‘?&@ﬂﬁtﬁ ‘gdn tthpﬁmgg(é%bég mdt%ﬂgyigﬂg\f\a mmmon
enahi@ﬁ}fe%iﬁ&rm mkﬁﬁﬂr«b&dﬂa AadcBeaiafl ArBMRBL QRednSeREMEm, the Pommn of the
noved in the Z direction across the |aser beam 1f the
chuck| agd dhe Pugkrryedaras Lognpyochenserdee, Adgmatively or additionally,
thexuﬁ&”&t‘ﬁ"%ﬁﬁ}@gﬁ%ﬁ afsgbﬁe; ﬁo[f%enﬁ%&s EIQBD'[ c%ﬁuﬂi%?é’thﬂr g%ondum to

the xeeﬂmli pygabrbyf the eobioo ot daiapn weft fx@rﬁd&&r for verti cal I y
posi ti onl ng the end effector duripng wafer transf
100344 nd/ or Siwe g‘ihe‘b%arf)&f* isBergt ed hagdaar gpﬁlgggnlgﬁﬁandﬁlqs {éthc chuck for

the puPekor LRGP hégn(‘? 8t h& t?@f?\h@ﬁm@'ﬁ% Feﬁ%prﬁ.gﬁs ary %11({:3

regoi ng, € I ments o e I nvention en
d.zsadmnhmtb anhwth;qm(nmhtl eay bed'\aBid}El[‘ thai mdm;m thheperdpoing the calibration
C or at e s{e/st t he 51 M. 9 t.he
m-sity, the mn ditrons during pmdmtmn azt fully lcpmduud resulting in a more accurate
calibration process. These conditions include, for example, similar vacuem conditions and

simifar yobot servo parameters. Since a mechanical fixture is not emploved, the cost

i



chuck and the chuck center in any given processing
nodul e. Alternatively or additionally, the robot arm
w@owosdiber can al so ascertain, if desired, theCr/okwnss777s

coordi nates corresponding to the vertical position of

the robot armduring wafer transfer. [0054] Since the

use of a specialized hardware fixture that attaches to

the chuck for the purpose of centering the end
10055¢f f ect @hrhQnidhe 1ehiteks foh-RidcORBRHLDAER LM Mo Behnique

di sadvantages with the prior art may be avoided. For o
elimingseartht possiyiitpef £ r@]ﬁ’mm:gx -fehee cb:huf, belamp mmdrmgbmuuwg Heted particle

C(Ei’ltﬁl?lglglg%ﬂ% Il‘fcl)iﬂxsil-ligll{rglﬂ‘i gIO % ﬁ}llélt tg}e E% bl%}@nt H\bi ﬁ f erqél%!gﬁ\ E}!lléicm“ th the

middlidbes er cﬁmamli HARSIHIAE HUARY cB@fbee XAIBE Rbrisdibd HBficVRSIHLE
conditions and sim|ar robot servo paraneters. Since a

10056dechanidal- UpPKelirel 5V Rbt  enpl oyed, the cost[0055]

057 urthe 3 { DR P Plasma 1s ofte
RHES Ial : brg oﬁvrm S gﬁ%ﬁg %u?}tg lﬁ%{fﬁt& O‘SS\F[ {’Hlm?ux often
emplogalli br ;atmmnpuroe&\atn@:dthe hﬂuﬂé@b dan@gecsanithsing a piasma processing system,

callbratl rel d particle co i on, rrakln
whichgyRicpily wept f@tprépﬁlaﬁm A ﬁ%ré“‘?ﬁné‘ %%ydfm is
d;apm@ﬁ% [ eHuB TRe M FALR<iE nRdRIQAMELILORANT 135'0&’\4“1@@“

risk |ng charrber and/or fabricated devi ce damage
[00538] 0056] hDhiSEUSShOM AWRBTARTd f1005%E ;1mr:es¢1moémiectbssmmw

enm,conduc substrat B IS

R Dt AT S S SR e R
stmctﬂﬁp&ﬁﬁ;ﬁﬁ{émtkﬁinﬁguﬁd Fh AR BPo S SRSS RO ISR ®fr WRisE. The end

t ypi cal I% i ncludes a plurality of processing nodul es.
Lf‘x‘mmh!e teupsrditnesgdogs robwadier) FigsAd ﬁbg@@se&wwma@mmm art end
cffcuf»bgggf o & & <RI i) %Qgizﬁ?us J n%%@%&é%ﬁ%\ﬁg& Inggei Q;aga ou?orig us‘?ih ungpmpeses a
poxtmﬂrdf)@&&&otﬂﬁdu‘li@b it Heowader i s typl cally placed on an

end effector and transferred onto the chuck., The end
(0059 £ ect Srengrally seakingt e ©ush HamfeceasIng ity aber am first

o £ f e v f 2 e >

MoV Li?‘@Qﬁiu}@g%g tjm% {hs_ Q\g{m%n o aﬁutéﬁé'rf}g% \rsg.rtt};] I?)?&ﬁg%;n. APY}Lt
the wsthowgositivep! @sdnad Lﬁm@r lha:n chrttarenchdd fleotrorveAlORafeointo the
- orting a wafer A104 during wafer t#aﬁgé For
plasmi PFOFSEY BPTUR P EY P 8T 1 g pTeaHuS frogu FRHRY A
pmzm’.n% Bk 84 ST anli RO £ LCERS TR ;e R BER KA PlacBi b RE& on the

waf er transfer sequence, the robot armfirst noves the
lnmkéndpbﬁﬁepmmﬂhu@ plck up the wafer froma wafer storage
ancnbassette t he wafer .
10060] e erdf” 8oy St i TRC BT AN PN (HSOR R i
contrdMRbRMank RégkataBR: REESIBSPROCHS Svaf@didk @ thbeQuabraa HaRs citk

t he processing nodul e. The robot armthen positions
during plestengrospesen df tharad eHeciaak eerfsibr coprsedisueie hdrerchusk and

the wf‘xaxgxé S%rt%%ﬁb i é?fr?édt .zé%fhéﬂﬁg % ﬁ:@ ‘éﬁﬁ ef‘#gﬁmp ':i%?ﬂﬁe R[ru%? %Ss% Bl perfectly

Lenteﬂa{i oglavivehé thekabenahs ttfblongncp iatdsahé ahtee uamie:t: mple at abl e
ocess results), the wafer needs, to be centered on
{0061 d he chilirrn gmzphg L,ﬁ\lnggwﬂ ‘@Fb‘@é‘é&ﬁn’é 1S IPPOFiRR 1a Agow the center of

the (,h?!t]t RELABle (Re RG] &GTHoYie CONMLRLEthe Bh FLMEr L Qr HREHRBY K the
pmpos& uf wafer placement. Accordingly, for any given plasma processing module, the
robot controtler needs 1o be taught the position of the chuck and the chuck center. In other
words, the robot controller needs to ascertain m i3 own coordinate system the exact location

of the chuck and the chuck center since sach chuck may be positioned slightly differently in



the wafer is perfectly centered relative to the end
effector, then the wafer would be perfectly centered
WO 2doavseied t he chuck when the robot arm pl aces pdEUSEDE087775

on the chuck. [0061] Fromthe robot controller's

each ;pewesgiacmméaie die 10 Sor eporgiamachorknow!/ drheacdatermgofndtdre
%P to enable the robot controller to center the end

sSSP WETBIEbver the chuck for the purpose of wafer

[0062P! acemBteonPerRfcion taYond O @MYGk VER-ABLASER, the typical strategy
processing nodul e, the robot controller needs to be

during @ﬂl@mmmhm qitm miong g robed aghie k pasdon h@mﬁh@ Rengertedined by

the eng éieﬁm fhe@n&;eﬁ?ne O%q&P i ﬁgfegns§/t§t mof ﬁ}g & %E{Yectur—dem}ed

center ‘0GAluk N a@dnstvieh GBUGKeARThE BRickhUBlace@NbIRh SRERcOAENbration,
chuck may be positioned slightl ?{ differently ineach
A

HBE BRCEEES gmh@e woeraio bgghlettp awwgfxmé %pz@ enfdgERGtAT ﬁgmk alignment
o d Ul A s
po“m?lg 0 ‘1{1&, g}g&%ﬁg}‘&g éﬁt&%aﬁ{‘%@% éﬁgﬁgltﬁz’f%%@ {;2;; t@ﬂ gﬁlﬁ“\ center is
accontpl shal asgne Hibyicdibe nieyipintal hStuffat\ 6@§4 faIon ﬂ*g edat bbrhatchook or
i nvol ves novi ng t he rob:ﬂi posi V\here t he
attachiep Ry EF PHEFISTRRAY HE eAde A ﬁeﬂ@‘f o7 Fearigf s Spgntially
a Lcntgﬁntt FI%U’U%GQ i&fhe Qﬁt@éfi&?{% Q{ hiciPhil J\&eihf, @ﬁ‘(@jﬁifcum 1o rest right up
fector-defined center * actually altgns wth the
*mamstelm ey fodtuteheg thdquéibrat?ﬁ@ fa@merﬁs)htéshe dinthire s @oteord relative to the
_,calibrati i S. necess at t oper
chucky §hbR et Rt SRR et FBLORY LR e e
centePOSEH b RantbRd LAhPEHRK. BfficalleDSosthdrGMBE bn@bIrEher £AGst the key
effector center to the chuck center i's acconplished
featorgey shgm@ph%riubcam@@am wakingalk philtag e opicBhctdi sgiphthe key

fearork 08 GHHE BF G CHUCK 05 AN BENRS, O the process
el nterior. ani ca ure has a key

[O06: aﬂ eat ur e fee gRaipkiaddd Has podemtirthnghddFBict Sk giRsiThe ké\h&%mr& the
end effector whi ch allows the end effector to res
Operayoy éh}p IE@%&@& hh‘g{bo{ HE R(me@g{{la e rgbotionatrelayF BRSO tBH tbt_ robot
[ b r.el.at id
contrd)! s&t\ﬁ% an R Bﬁﬁ éﬁ Q‘E é{}ﬂ)c}i%g{étt?(grﬁroggdséﬁé %;Ltwg sﬁ% h%?ﬁé Lol B€robot
arm zlfaead:lumezsmﬁm tdlealfand tfeeps/ tlhekahdnmézftect or center vvoul d

ered on,the c si.tioni t he
100640nq " of FRERE Pt oTs i ol nadey e oRES bickiin Michgipinares
associde d@ﬁﬂ%@rﬁﬁgfm{%%illé ﬂﬁmﬁ{mpﬁ{%m(ﬁg i 18 woid e LERGE@ v ith respect
agai nst the key feature so at the end effector rests
to the agéeﬁs«ttmt e fheythitahe ﬁt@ﬁﬁﬁ[t@@@&]!temmé acttiiléy djpes stidribhalsick

centerPga t %5%?% 6&}, \Qﬁfﬁgﬁdl? el f ect Eur %}b 5 mg} Me %})x&?? t.; iy s placed by
the robbitmtdrahe ek tﬁﬂﬂﬁfe@bm@h‘é‘s&r@m so that the robot

control systemcan record, in the robot control’
[0065¢ oor di Marevey ﬁttémﬂbtdkﬁédbé%f#%b vithghe piyer mgdtmf@ﬁhm pragering the
end e?%ﬁ%}%ﬁ%ué H)ntg.\e gtr%g @Eﬂ%lzﬁ{o& gﬁ&;&%{)é{ Wﬁﬁfﬂ aﬁl‘\) {1/2@31? Ot many types

of chiekf et @bxés@m&hﬁ);ﬁm&nﬁi briafease. Jhs@bdratiadr W tdadenths mechanical
effector/chuck alignment position. If the wafer is
fcturg g eRcBd O WPEROY e%lﬂ?é@tﬂne Bath RNt stecarrion (xpyes pypitbe

abntﬁt{}@tm{iw ht%ﬁk erd gfh e(?ﬁlQ{ﬂ 5 CEMhEL air\ﬂ&hqﬁi%xt%c Lh @RS i{a\ ¢ one or
t center wou cause e wafer to be centered

maore hal klamwée,dgeh arherfehucen ﬂub&huctmmw@sﬁtemmis (phage thaoyruthe
Addttmna ?\( 12l 'Elﬂi‘ {.(gtlilbttart]i%rlc 0915 ufx the fwzﬂ a tcr%regﬁe?asmd ¢veles have been
executed in the processing module {e.g., m response 10 a concern that the end effector may

not be centered relative to the chuck following a production run), the attachment of a physical



[ 0065] However, there are disadvantages with the prior
art technique for centering the end effector relative
wao eooblogsiehuck for calibration purposes. First pET/EE1008/087775
there are many types of chucks and processi ng nodul es
calibratmreftitsteancibe dﬁhﬁn&zhowese dapoendigrartdeuseot thear the chuck to flake

hani cal fi xt ch to erformcalibrati
off infGi g PP R HATIER FYOegRaL PGS G VP brEaprgticles
mmt;ﬁﬁg?%i@ﬁ@gﬁnﬁ\kaﬁﬁm ahfchXd ngieairhysi cal nmechani cal
ure, which may have one or nore hard netal edges

[00650r sur ﬁa‘@ésanf%ﬁ bebaise ﬁmﬁlxh@w}@@;mhmam gt fdratrmgﬂsnt. peessure, the
prior ft(lzfgg*}gg\ '3 :{@)gxq{én%l’{ngcg%lx%%gﬁ lfegt %%%@@4{%@%{%2 ﬁet%lgstwugﬁgé EFiaL adunnw
produtfiod. NENPIQGESaSE AGriNPatildecd @, BomphiRnf@FRRNG@cds0ind module may be

concern that the end effector may not be centered
placed @iy VIO COMEDPPCR WF wwwge% tpr»éambﬁ g Abe RIBYSUTe he
dit‘i‘ssr@r&%?é&ﬁ%% @l B RS ARLERL b 91{ @k a%;m‘t ﬁﬁﬁb 8{‘ %}@L the

chuc causée deposi ted’ icles on or
calibr mhuukmtlmnﬁ}, ak ecoiafihfulit @itiPh&lt@ﬁl@ eeshicnig &hﬂ}mh&!&, acBubateng

t he subsequent ggocessing cycl es, such particles

calibrglieRy DRt ei®PtPl e cont ami nation, which is

[0067yNdes| alh&mdkOOBEL )‘\A‘ngﬁxhg’ﬂ? hle,%nd RECAUSE thdEnd effector/chuck
calibration is perf 5 at nospheric pressure, the

alignipait gosiden isqekiobnat m@nu'tib qhm qmeﬁmg tlrmpeeﬁaﬁrqwﬁ hmgei»xym%lmm the

icate the .conditions that, exi st du roducti on
end efiR SR E b BB B SOt b B el bR O bl o swit
in the RENE QRS lpEiﬂnH@ dubg t!ﬁ&ﬁ}eﬁ%rﬁbﬁﬁ@q A8 MAGH Whang @é‘ﬁ%tﬂ@ih!% end
one or nore conponents to shift due to the pressure

cttectgi‘¢ifusk eRgimaent pesivier i ithike wheUtMteR. r'ﬁnﬁﬁhﬁ ﬂaﬁdﬂ‘FWefOi many
TEason Cfom-:ﬁidtu}iaito?g?ﬁ ﬁ];ﬁr ?héz dTlrlgngtlfé b%? mPg )as C 8 r?ncioylif’ Iﬁt Q&gneéx the
robot 866 Pl Bv:gaki é:mat 4 Shald@yonatl mb @xaaasesnﬁsle@ept[z@@ €/he robat

Furthernore, if the positioning of the end effector at
operatopdhis i femrB EeBl it otk i iy et ibpoisn Prassss s [pe calbraton
pmumg E}%Ux}{“ % mgc%mlt?}(%n\f N ekB& Lﬂxpﬂr’f%?&ﬁmf?&{ LD %L&Ea leading to

t Srto rest agal nst the key

decr szqeatywﬂaédmf atl inerendh alnd weglctibn xtdicehilodehetedonthy theicated products.

eShift in the robot arm position whep the era
100687 o] o5 G8 PIGTPBBGUF TG Y6 8N G PG LGy [P oPgas o wafer
durin@hhRe tahdrghuck al i gnnent p05| tion with the robot
tontroller. This shift may occur for many reasons,
{ﬁ{}fx‘)ul ncI uduhrgg Alohopx anplenrtreefradtan fhdtodttmentmlﬁm prasnbingention, a
! de- ene d . When the.robot arm way,  even
5C mnBvL LeRIRSERy ng%ﬁﬁ{) ?lﬁaPr%V!Y&%&) N'}(T’B}EII] éléfgd(l l‘lblde{OP $ ‘t“h%f al leasta
portich@Pah 1 0Par lta] eddifeciRchlibaBdh o8 for CRIIARAGCHUE 8Y efffttor in-
the calibration process. If the calibration process IS
site. j naccurate, inaccurate wafer placenent during
UU'A’OEr OdUCtrk éag‘e n%%ﬁw,?%%u\ em!i%ﬁg'wqg\ 42 dﬁ}t&?ﬂ%?;%Qﬁft%(éélye'rgﬁ'%s%nfglgemion, an

iHustrhihe: fl@behoate dhtplhastiimﬁtsam [cQ0e8tcthi gulibAltion hamEod
representative prior art end effector for supporting
1007 af er Eﬂmﬂﬁﬁ“%‘f@r“‘% PRRBYL relqto g orstiingthod ﬁgﬁdwymwhim

pgrfmﬁﬁﬁ%ﬁ?% QM ctihht%lm‘? (I"?z@l%'ﬂ%ﬁ{u LheliRicRl ?ﬁﬁﬂt o to suffer
i nvention, a schematic repre sentation o asma
dtsad*pmu@eS&ﬂsnigamy stignthe bligsdr atd affpcarte olpbmu;@vmmnﬁ‘mfah. lAmast
. a . N - . . o
aforementioned, to perform end effector calibration, the ead effoctor center or the end
effector-defined center (i.e., the center defined/determined by the end effector, which may or

may not necessarily be a mass or geometric center of the end effector) needs to be aligned



portion of an in-situ optical end effector calibration
systemfor calibrating the end effector insitu. [0070]
wo-e@o/08ad66hows, in accordance with an enbodi mePCT/U820081€87775
present invention, an illustrative flow chart for the
with th«ﬂel&idxutemtpt i 'btaﬂetemMneﬁfeen:ttml enghdifdoraatchork siapiedt. the p;ior art
0071] Ng(ymsnts 0 |nvent|oH reITate%o |nr°, .
emple f‘l%‘&E‘“Hh Bhpar b "f’*’& VS AR A GRS B s cartier.
foo72¢al i br ag banomhbRuibodshdek & (AR eRAMIGAkn Tl XRUESHAQT tebBhique is
suffer disadvantages associated with the prior art en
eniplogpd @c@fmrmuafr iho rdatuﬂbmdaﬁmcm@hmkAétrafmmmﬁtqno rTém_« detgruination
pr ULQ% E{Héi rﬁ l%a dﬁg’ﬁ Eﬁ%ﬁg{ %J\g g?hu? Ca?ét]},'{lg,%é B) lé}g (% Q}F I(e \OI éli (i) %\ H"l iequmte
'imouﬁt&ﬁlfrﬁi y pegfucnedidrtentifnagiduyictie cengt rﬂa‘sff&gmlém vvhl ch
may not necessarily be a mass or geonetric
EOO“J:ent er Igfong REMEFRIEBPIEREYE P! Hedagentignpe Hl-figheitispt end effector
ir r e -I
cal sz&tﬁ‘:ﬁx {\%‘f&ﬁcﬁ ﬂ?uﬁ takt‘ﬂ q%% iR xtW 3 ottrtﬁgFﬁg%i?&éox Jl'ﬁg the Lhus;k when the
end effecdhanidaad cihick e @, thmhﬂmhz ehitd @hﬂ eﬁgmng&uﬂk aaﬁmamtt agesthe

Wb“*@‘iﬁ@éﬁ‘&é%?ggb?&{z{%%s{nggt% B < PRs heTogpaspllr beieves the
o AN U5 0L D0, A0 o
with que oc esse gendrialicgodaba enfide themablessng heit rodwtrmine from the still

. contr I)Iﬁe, LG the rob , ui site anount

imaeeapiige STOGICETON Po0 SEtTur e BP o arY St G Gtk -

indicaitrs {Rlkch GO IR VMenerk (P E3duidibu@NEG: ATThOEHRk ERAG PEBERA0E the
the invention, the in-situ optical end effector

procewsaly HaDIds b @fuvé-lm\ﬁm skt aking a still imge of

{00?4Lhe eng}n%f tlecetnq ch d %%} er em#?he L‘Wieln cé ?gi at ngetgmu :&‘i 8},: the

d the ¢huck are heor et &3
proceghifeeatioriscitiek(: al, ngerfmenﬁ" ybbetv@en t}tdﬁet\p@&;ﬁér@&' doguerd The
ef fector occupies relative to the chuck when the robot
positigp iG] thars Fapired Bsmetrethe sad efederisrmitee Preshiet cedl | y
etfectGBOLEL ﬁgﬁl\’ﬂébxﬂ .pﬁﬁﬁ&?ﬁ; thb Q¢ ttul?ﬁll(ahlﬁ%kﬁkl cﬂ—g% S0Heh{ lﬁ%ﬁ:%ﬁ is then
I's provided with one or nore visua tors at
compendbibistpheitipn ocoessis tignyndtidediodat ertut aenifollemat drebistihd fobot

e taken the e effecto def .ned center. The chuck
conrfEp %P“Rf“i’fﬁ%“‘%ﬁg‘ Sy ok i PHa et or s (such A
007 ﬁ'ti he general domGlereeitlodlmaid, |tl§s_nﬁ &b J é%h@tl@&%ﬁk]l}@%ﬁﬂpﬁh@ B kmage

o enabl e the processing unit termne the center
'thumfs ot ey m{wk, 2 {a0@TAndBnceletd ehze naln effthimghonpiemhinesgearddhe end

Lh‘Clef <md tp hiém, fﬂ'pt gtrtlk(a {,nedeg‘?uf W émg g{él_l &B{l\mﬁ dié.éﬁ gﬁ“ ﬁ"ﬁ' ég‘é’n{‘\/vo
proce&alt @aibkSukRIPHdationTRRAARSS t 0RhMesd:as, dubiab theSend effector
required to nove the end effector fromthe t heor et i cal
calibral(n epeessttby plelue RIkisgrdBmbposiy bonlacey! wikier agpgaim condition
& . , A9 gl came
s BB S LB A B s
and/of lehotnag bablokd exidechepabhe p;toh&»sfrﬁhﬁmmﬁaﬂtﬂ;ﬁé%ﬁﬁ)i\t @uiside the
conpensate for end effector/chuck m s-alignnent,.
plasmp @W@}‘*“M‘-}b‘ﬁ@tbp‘“ﬁb‘f‘ EPeFbBeRcHE S, ioweb rR aERPrigphy deaiened
windh€§ cﬂHFe} %¥§ e@@s& cﬂﬁgﬁn@l&%{ﬁl& LAR k(éﬁwaggm xerlhg a
carre ' ens at can obtain the optica
afommmgmuxbﬁ Lbnhemémimef ﬁhqtfm!ronamg dnherache ckdankbDbdtitina harle

and the chuck are aced
bllb\tdnﬂcl ‘?\, 1dpnm al to the conditions experi Pnceg %umu, prgﬂugtp o, m[ﬁamtmn errors that

arise due to pressuere differential may be substantially eliminated.



processi ng chanber under production conditions. In
ot her words, during the end effector calibration
w@e@omesdes t he pl asna processi ng chanber nay beP@I/a8®A8/087775
under a vacuum condition substantially simlar to the
0076y acuumi omdirt home epitatiresitso &l zei uniengor tieduncitefientor Bhgovided

with ‘bﬁ‘gg‘egg SA 51}1}%2&?}@ naﬁl%i?tgzln %g J@[}tié}‘ag@}' ?‘ﬁ@ qtzgaﬁag Hi-sity
optical CRAARSRIMNE sGNATRR mBHb: BRS: Qﬂh& G@kbeAGRE She GBHIEL Hine on the end

through an appropriately designed w ndow or aperture
effectpols ganfagused. of an h@bechdlcef feke or atand achelectig eknttheit which

mnc:glgT PR nhe ened £ g{ﬁ‘“{?} g{% Lﬁﬁ%é:./bté gq%anltfuu())t}%l%gﬁ (_[anél?Xe center of the
circle s)@hsﬁcamé edri*:bé Hind@nd i:,caa;iantcﬁ" thbeng effelithi- @The@ xpas QRCRE
duri ng production, calibration errors that arise due
determpigedyr dkpver. i pihar enbadime iyt BeosEr Pl thal 3y alternative
ra,txrtﬁ Ld Ak, kath%du%\ %@Zﬁ‘% aﬁ@fl?@& Rl ARG SFROGL amﬁﬂ%:ﬁc@{m nt}.ﬁ aise be
I"AVenti on e Yor s pr ovi
emapldyedde. The scribe line is positioned on the end

_effect uch that during in-si opt i cal i bratijon,
00773 st ui"‘f&‘d ‘n‘-rgﬁ}“% 1 %ﬂég‘ﬁ:’%f“ ‘t“ﬁfgl"é’@ﬁ e“P P CASRRIon apparatus
{ came?&%t &3& iU}*ﬂ@s élﬂmk 8 GG, tﬁfltftﬁg‘? [Rhgel §~nctQi\rgs'ng WE@Hr att B @\@ chuck
nmbodi nent, be an arc of a Circle, the center of
peti phm ohviswil rolicess wh bhoit the chwdk B motberusetbli deducatbatarter of the
asc rtaini the c.and the center,.of. the ¢
ahuai\ PRI CRR é‘*‘@gpﬁ BE ¢ ?Lﬁgyra?: “’Pg“%{‘*ﬁjﬁ?’f‘i 18@\&()}?@11%51 provided
for tb@éﬁlﬁ:ﬁ&@ eHAG NG RERE 8hit ARYscBRaif el oitcd @€ theIAWEY effa, anl N
ot her enbodinents, it is cont enpl ated that any
embodibeat. it Pwer peaipherymd shemdirk fthelf cooaritubs “é‘ﬁbﬂ‘ dragd ppual
mdm Oe}rrl ve the end effector-defined center may al so be
npl oyed. [0077] Furthernore, during in-situ optical
(007 8¢al | br @y @iertabitiey thergelcagus déseiibal Bpharcabdisy xét@@ﬁﬁﬁ@mr(e Q.
and/or [ens) is positioned such that the image al
the chyglk gigcyisy ;bgp}h,t@ A ap progedipgat) ol ékmﬁ)ré?f t%ﬁ@p%k éipa\w\hﬁ_sclggﬁnnmd m
0 0 "
an m%ﬁ!’éb&é.@% . %?emgétrll ‘?{é o gr J%Jiﬁ e&ﬂtt%k cdat Esmgxa&h{ﬁea g@g‘g\ ‘ém%‘“hm
deterrhined ehadéfefect (ldelton enavrbentereemuicduall prinddeaclat olesrobaycdaeol

rovided for, the chuck to allo e _processi unit to
systerR BB PR OB TR EBIPER T MRS OGO
[oo70] he outygp f&%w{}ﬁ{ c)éthfm;r@eofffﬂuﬁl&dtﬁ% dv &%‘?& EMR%%O(:{ with
Such a desired visual indicator. [0078] B
lefereasr’ferthahgmmgamm@smqmoh‘et whiatloivs descr i bed by the chuck
: i sual (e huck .circul ar eri’p)her ention. g
mmyn an Ehﬁb %8 v %%"éﬂ‘&‘éht"‘éﬁ OB LT ‘lﬁa‘il et il ention,
schenfB@t @& FREAGHA AR pﬁsﬁ'ﬂ@ grdRakng ASteABAL2ONREHBRGE D REW of at
end effector center and the chuck center are
least giparapihetin-Sivepdcdifcad sHeaoy cadidratigm)svirem o0det erlivraisg the
end ef@@*%mp !:lgyt{: gc@ g o) piti hﬁfi Oabv?s% ln%c?;g%t&% <\1S§bst ;g }ae?m%%%d}:fmh 8%\&«:&

pmduﬁm@t amdgfmemnd W ﬁﬁﬂ@}h&'ﬂ&@d ﬁéahﬂti@mx@m dxagy ant agasn Bfy. A2, the
the, i nventjon nmay be better understood wth_reference

in-sit PHCR BN JiRews Léﬁaawwoee} BAY tnplrdey @t pylptiqep a2 having
theredil Dscribé n‘?zﬁ@@ﬂ»& R &QQ{ GRRE A0 LA (AN SRRRdL BB 48T kG

present I nvention,
representing a portion of a cudc_ ﬂh center of which comcides with the center defined by the

end effector A202. The determination of the center of a circle and the seribing of such an arc

associated with the circle are within the skills of one skilled 1o the art.



schematic representation of a plasma processing system
A220 illustrating a top view of at |east a portion of
w@roovis@dss u optical end effector calibration SPGI/ES2008/087775
A200 for calibrating the end effector in-situ (e.qg.,
(0081 n pl agma \@rdﬁeﬁmmg chysit ARVA22Mesmiteg tl&e:thlc'lonﬁhimzo;mmesqi:m

ce pr oduct candi ti ons). and, W t hout
modulg” IR AP R et ng B Bafof frotgue Rsonbpgef it Gy fipine.
using @REI-GRl oaNd! AEHBELAE c&Ab TR H1ARK SHS HRMBARAR LA MG enter in
an end effector A202 having thereon a scribe nark
order mgmcmw@t sicrrﬂb!smx maffr% HAROLCTOT mrtt%eméwarrm gngpl ﬁisgt‘m A222
resent I

Duri ing éﬁ]ﬁ rf;mo;} ap :%g%e TGS dep et \ﬁ‘%pﬁ%w Cg ﬁ%néxfrm dle \fpme da%;\e end

eﬁectb;hm@n@hs&ﬁfueptxoné%&z mﬁfaﬁieaﬂt&%ﬁm;ﬂﬁﬁé SMatWdast Hporgienbeend
of a circle and the scribing of such an arc_associ at ed

effecigy AROF ecleding pesibgrparii PR nandhie ag et apasfoplechyirk 14288 Note

that a IpBlt foR&ys %F}’&ik{ ,QQ% 13 Fh@ Exdﬁ@n ﬁ&cﬁ? eRE QNS G SINCH tlﬁaﬁp\m %take.zl
resenting t N a processing nmodule: e

from msrmﬁjdtmmmpa mahaand {1Ef(fﬂeat1®!ﬁ”€®ﬁ°hlt bration techni que is

G{}S'Figtn L Iog U\{ ? g@@%gte a:e]?r[%n?s&ge)ﬁ ang hﬁg%gﬁé%zﬁl@ﬂ g}ﬁ;gp de m logic module
A210 531]‘)}@\? 6t Qb1 48t nRG: e PREE e QG IREmER HOBRe AL G &)E‘[‘?phgm of chuck

necessary correction vector for t he tobot arm control
A2006 sy stelirms ARRENINDYG degles af tHar aivdlo whia rapmeigets Aoopenss of diick

,device. A250 ) daove.n
202 LR 5P TR0 ARt AIER (o Ry M OARE ShiSpEAtdul A210) may
be abletd bdeohdmR@ERidk dieasth RripeLihbor OfoeRd pff@at Qell as to

A202, including scribe mark A204, and of at |east a
deternpige thegtenist of Hubkirde0Bhis Nistle it earcsentpdbin FisnAdby dather circle
42137206 may be hidden under end effector A202 if the
7"7image is taken fromoverhead froma canera and/or |ens
[008 ﬁfir r ang@nem? al{008Rk ahleue effibabessier A NHORASSEMEgUN End effector-

24 (for exanple, included in | ogic nmodul e A210% may

dﬁ-hnq@eu-abr 8203 ap é@é‘ﬁ%‘t‘%%ﬁt theporemerect mageesssng wiihdd bef\ chuck
of e CI I I o N o
cnet 8815 R BRSNS r 7R SRotehl s
A2 iStfllmm m&hti erctoafeentbudR 4\2&2})&}\ Lerkawh 31 is preoqessing. Ghick end

qQr, .exanpl e, C i ¢ ,modul.e A210)
ctfectg Gt o414 TR ERHGPLOE TG G S BTG R GHOuBRHgRsIToN and
chuck! dnﬂ‘?/ A% r@[%@éenkssth&uﬁﬂ’iltg 118 ﬁ@&ﬁl\”@{ ck @R vﬁt‘ﬁa‘tﬂ?& 6iBh r“%s,. bB8&tional
center of that circle. This circle is represented In
diﬁerﬁ}cg ved@r By | ¥ ecphesents ithracdcerepdiPthaf © 088ledFd gimm@xe &hd effector center

220 S By R0 o8 1 e REu ity Rrus2 e ERERITLL B! ffwer A216.

the acBfa0 ERIEIECkONBUIPAIOERESE RAcHRVED. AZY frovRliENIEKIIERRLES vector
A216 is al so shown, representing the center of chuck

A218 Ao B rolmeonirflisepiencd e deg PO Bk BB EY Beblegp move the
entel [ A r.at ad.
o mtg D! t'ufa‘g]i (rl%i;?e %kﬁ)lé%xﬁggr i,% Aré:@%%tgpéxgar g@g@f‘gﬁ?ﬁ @F 8918 from end
eﬁeut}h@ﬁ&et”{’n dldueing pefduetdi tieedtuckieali v gnownéctipg ot thoandnd
chuck enter A216 represents the actual end
effecigy ¢haick SHp-eRgEREM i gnment posi tion, the positional
,_{)U’aci?' ffereqes s &%ﬁﬁgrm%@ﬁ%{ﬂﬁ \Q?e'fﬁt énﬁahﬁn&ﬁrorr ‘ﬁﬁ x@ﬁ‘nt nlﬁ!;. ution, an
is needed to align the en fector center
ithustretmuciove elxtrefor AR lizﬁatu\wam end c8bftectdibraddt 4ndlb0thl T}gzneethnd

Gel nt er ,!6‘2
or exampie, utilizing one or more of the components discussed with

may he pCII}QII fh\r
reference to the example of Fig. A2, In step A302, the end effector is moved by the robot arm

to the theoretical end effector/chuck alignment, 1.e., the position the robot control systemn

6



the actual end effector/chuck alignnment is achieved.
By providing this difference vector A218 to the robot
w@embogdiesyst em A222, the robot control systenP@RBR2008087775
able to nove the robot by a distance and direction
deemphovittedetbpllt hentped ithd owalffediof fdaterae theedtuiok. BRI Aﬁfbi‘na still

end  eff tor .c nter 14 duy. r oduc t he
imag P FEt PhBignd SRPUEE o v T B B Pabe St Re thuck in
the mdlict éi:;'ct&@é’f?ﬂ%ﬂnﬁ&%%ﬂ]mﬁﬂi@io A3 shows, in accor dance

with an enbodi ment of the present invention, an
[OUBS) | | ust Fastew & 3pp.owagh aracessere is nedairhd\sm tiwaapw dalvisgbindicator

on i]lﬁ eéK ?e Qa E%%’/ R\?é?{)lglﬂglr\}pqﬁgs Shl!bel !i‘ﬂc Iﬁrﬁﬂ}'l(?we({rgé{!n}}oe tge Slf\ cle that is

fmmeﬂiw tﬁ@ﬁx’ﬁ@ﬂ@aﬂtpﬁeﬂ* oS Sedk Wb Rsdiafties §e8sing vhiiethexanBaend/or
In step A302, the end effector i s noved by

Fig .
lens nm éﬁemsbstuaﬂ quhdh@ Hbe fidresuprl thedhEps seadiions Higatperture, the
foc us,aind%l%nﬁdd Clew, z, 1€ P 8?1!1151:1 ¢ {hhz> %&%b&g«g %ix%ﬂor R auns. the visual
tendeens ave gor eti cal ntere
md:caﬁﬁxﬁ det providel tat tve ut dettihene hmcz_hd effbcist apiA3Od theachsithk bénter.

rrage #s taken of the gfrgd‘ eff ctor, the vi sua}
9”56 ndi cat®ft sHOPHEeERaeR ét“b‘r( VeS ARG H Rt of fiage ponts
along 'E?vﬁ‘t’&%[; nQ E%Hﬁﬁ Ak iy LG Qﬁ‘@ﬁ%dﬁ Qﬂné"&&: Do Bl 169 ”LI[LQQSQ(] ddsfed
step A I'mage processing I's undertakén to acquire
circleg. hguchi ;smast pionekisoetterhngpues hed ende éftﬁa@de@mlqum gLe W ¢ih&mm 1 to

af.orementioned sc rk) and Lo er.mn
those SHEFHTPhaR °F SPCFrda By s i e PRk FnbCigrs oft-the-
shelf ﬁhb‘&h}n;m:t@ﬁﬂtﬁbs {shen N REesfh d}ﬂ@ N yentNEoreRANBERion software for
nd/ or | ens nmay be conf |lr%ure such t'hat the |ight
use v»fth EqUréned Jerten & onfrghieri (g-FeBndiveilaik frome apere uporative of
\,‘,UG({ ﬁﬁl{ d&ca{?q/ or the field-of-view, etc., is optimal for
€ processing unit to acquire the vi sual i ndi cators
00871 hat  phowege 3t hahdaidefausdaitingd aanédieaendaabd detahe circle
center and the chuck cent er [0086] In an enbodi nent,
u_m-.,aéqdeta the OB CEFRY Wh‘%f‘@’@ﬁ@r el q—{é.t_ggi ﬁP"‘lSFF"a‘I"fi\meﬁﬁ gathg scribe Hine).
In xtbp?gml 396 SpAL ARG GR §}ﬁ‘n§k' NG BLASL Sl il Grdid “&gﬁaﬁlﬁ  the
ormng curve fitting to re- Create the
prmcﬁluﬂﬂhlelshmﬁuh:dﬂdmn‘hg&umlrmdxestﬁi (g1 ke bmaqpe&; ﬁr;donhe vieack). In

n echni ques .are me nown to t skilled.in
step 31 P QL AT FBIMAS S SR e Bk R ST el
dererrffROY. BARGS h619%Hhiz Ehﬁ%ﬂﬁk frePOPRGRSHAM MNhE rBEEARRT system to

(such for exanple the Keyence comuni cati on
enabls thetr Wan eoﬁtml systemwp nvEVhaED 2! Sor diegizQumducabh gy compensate for
from Keyence Cor poration of

““*ﬁ‘%@‘d&‘l“fF'?‘“Léﬁ‘é"‘*l’kﬂ‘)“‘*“*[ 0087] In step A3 10, the end

roossef f ect ocdebi ﬁﬁ che€igRl Efom the aﬁx‘é%ih?l ARchdihom bh@ehveation
recreated by e processi ngl unit fromthe end effector

achioyy awattores f,.tlgn gron(ia agnantehBlake phpydantiale free pﬁthg‘tc@@d\ antages
mocf‘?é%k?n ni{ ﬂ@ g?ﬁmﬂ xeglfmn{lcﬂﬁf&g:lﬂg Kath a§att%%c ﬁ»{a{cﬁ]@ fed. lp ;‘%‘a“ng 0g fhe
rocessi ng

mhbrmmamm ngke cadifi cnﬁﬂﬁh@mg, ptrditﬂu,ﬁmﬁ &\rfamﬂhllp h@jwd webd trbaulting &

chuck) hi step A314, the difference vector fromthe
moTe BerYEE FABIEIONGEREET TRESE RRNEHUIEKN TR 47T PEmge: SNHaR gacuum
mndu’ 1558 Quﬁ%@r%b& s+1§ 0%‘:1%@1@%&0Cgm‘éeﬂxﬁ%wﬁa M E.qm'i Qﬁnpkw ed,

e robot control systemto enabl e the Fobot contro

the msycs}t@mmeab wind venntifre tirolgand &espiolgn lange prvoluct elahfitest mechanical
calibr clti ntfuam or CP hcrcm plasma processing madules s elinunated. Furthermore, the
use a non~contact, non-physical calibration technigue eliminates the possibility of calibration-

related chuck damage and calibration-related particle contamination, making it possible to



the end effector/chuck m s-alignnment. [0088] As can be
appreci ated fromthe foregoi ng, enbodi nents of the
WO pooefsdleon achi eve end effector calibration i nPEI/DS2NE087775

that is substantially free of the di sadvantages

perfoms Sechbitredomiphe frlvpieptly end/ar it thenhdik cbd phidxtitmaun without

.a..calibration approach. .By performing the calibration

”*“‘mgﬁj-‘"g]ﬂl"ﬁ,mg’ﬁé?‘g’g‘ﬁﬂﬁ“gBb" %‘yduri ng production is

roogef ai t hf wikyuseppQaugedpyresulting in a nore accurate

' calibration process. These conditions include, for

[0090bx anpl ISELEDIAN B/EdRT tondi ti ons and sinmilar robot
ervo paraneters. Sknce a nmechanical iéxt ure ks not . .
(009 }2 mpl oy I?:i{hetﬁ%%%ébégf 0 asseggg?%lluggx \gl\iilﬂ)[\ﬁ%ﬁ%LeLﬁa\é %tiﬁlrts!)ﬂadasgﬁzd:s often
empld(e@Pingagnd Boa&sindySRt@ds afe dhidseraningeshant s@bessing system,
calibration fixtures for different plasm processi ngr _
whichiyaighis incBedas ¢ pludteal pregesehernwhies. (e sprage (e.g., waler) is

dispe&ﬁ%hgaoﬁﬁs@ﬁ brrsi R BENSHE BlogtR dupiﬁ“;@ﬁziia% .a.tp?&@g%i&ye
el'im natesqhe

osSibitity of caFibratifonrel'at’ed chuck
[0092¢damage haadiecal ihbrad ivafer redmt @d opeietpradessis@niod nlendit inaifer is

. making.,it possible toperformthe calibration re .
typicy i_é"éi’éf’tfgﬁ engo 5&%?%?“%‘“@&1@‘“%%‘8 en@ffggciﬁwgd I8¢ Fg@ chlgfor is a
structifial A9HodehSkinhgy Gl EFGR%EIB&WHG e &R 1 GRELU HEYAGSer. The end

[ 0089]" DI SCUSSFON A [ END| [0090] DI SCUSSI ON B [ START]
effectp00 9iicdlly dityespl acesdiongof Figedd ichondu atrapresabsive gtiesart end

e ffiil‘é!f% g&@:{\?ﬁ%rn?%g ‘5\2'5? é?g H g? Q\S{ﬁ iggéfggg:jg %%et:j rféalr ghg ngtiqfngp Qrposes, a

portioRloP G @SitAtn 1Sk eMlsiktiowm. t ypi cal Iy i ncludes a
[009’%%wal ity of processing nodul es. The substrate (e.g.

f er) Gegerdlis perabngofurinashiekr asifdecaugpcadbsgibagarm first

1'11@;&@}% Lélug eﬂg (109, {Hékaﬁpﬁwre[a?&'e[%?%g afoiQsQ(‘igi%sl:ﬁ alars]%?irg%l? LialiSn Once
hove "‘a wafer i*n and out of e processrt ng nodul e, ilhe

the wivaf  pokiSiobaPhicAk eid pifaead tRnobst ®ndvefid eeherovanik water into the
- transferred onto the chuck. The end effector is a
plasmg PrRFEP R aMOSURHHREHR 2 BeRTHD FrRECHPS SHPPbY tifgobearm then
snvafer durdng W s Lhanst &hie el OfokSite o
postifLBE s Sha B0THy SHRE0L Gl L FRRIEN B Thsnig on e
chuckriepplasenpatcbwergpri or art end effector B102 for
o supporting a wafer B104 during wafer transfer. For .
100947)'P gt PR REH P BY eV BigE Riter o1l PSRt Clsfshy Sogine
mmrdiﬁ:?%l 29 SRR 0023 esERNCHAN aYer TREAKL MY e MUFkNG Re chuck
~wafer transfer ‘sequence, ihg robot armfirst noves the
duringpidsied pectomet df pieckd affectheiswafrestlf seorered mttier tsthorhyer and
e FRER a8 ST Bt B, e RE M SRR B bomects
centerd@r@htitathe chiR® YHASIBrPOOSESHlaNG HOAHTE of 0@k aHdaeter, for
in the processing nodul e. The robot armthen positions
many gepsoRn gorae peeheh agndiseseedimlar. thivadeat Hena slrashothe ke
hacpl aces fer. on the Ear .ol Aroc L DG v
o0ssPogey HHR ML NolE AEOYREL O SLERIR RLRESIRL oy
compprcaperliie flobesgbyhemba Hngpeeidtly bk btenanttfinepatiabing
process results), the wafer needs to be centered on

effectpyiderepy gkerred to as the “end etlector center” or the “end effector-defined center ©)

ts slightly offset relative to the center of the chuck in a given processing module. As a result,
it is possible that the center defined by the end effector may not be correctly aligned with the
center of the chuck at the robot army position that the robot controller deems to be the correct

position for wafer placement. If this end effector/chuck mus-alignment is not compensated

for during production, the wafer may be inaccurately placed relative to the chuck center

I8



during plasma processing. If the end effector is
correctly centered relative to the chuck and the wafer
WO g00008d1ect |y centered relative to the end ef f BCT/U82008/087775
then the wafer would be correctly centered relative
duimst heiee bﬂmm\m;e rn tal’a:e ge@bmh patem gipdcesont mmaf' ‘eh“‘sd'ﬁrwﬁ AND
easons, somne

METERESE 3588 (ool BIRATING FRUAE T eh o ROAT 4R ENT PRes PLASMA

PROCESSPAHOSE SRS R 0RO PSP A Bt nccn

date lﬁfe%q j t’ﬁg :tﬁ'@ﬁmeige: exh emﬂ %10%&)%?’11@& ferb 1?@“}‘,’ R8BI niques have
defined by the end fector (herein referred to as the

been prepebed ff @dﬂrm‘» th,te ﬁt\@ac?‘mmr tﬂh@k tregroligfenet or - def i ned

0096 5 ﬁgt s[]ui@z}" eviE g eé‘%tt]gﬁyeﬁq 5@&%{& %ﬁé}t%&ﬁﬁ@é&@%)&g‘ﬂ gt}n}%}exg{ﬁ{r;he%ﬁ\uck

cented (}'01 & NOssdIDbachRad tHehefeeetfordef diRashell, hbe Rtk anoth
fector may not be correct|ly aligned wit h the cent er

potenigl spige oheret thet mherepebit waleitipwintiFohgunent dupag petlgetion.

Ih'm ﬂff'éx% rﬁr d\?t?%%ﬁ afé)rs p{%\ b?epag;?mﬁ%?% xf%%'n& eﬁﬁ?&o&ﬂ%@;fﬁ( If the

end eﬁa@komame Rsat edné@m (ﬁi umw’agespmdmbai Qlith ;hm@mmfu@ EhelByfers,
. _bg | naccur ately placed relative to the chuck
waferchptheraadigHg e #ﬂé} St Stﬂé%évm POFUE o R EHE FHE et diugh the

end 3R + %A%‘E %g.uﬁn i 2@91 &éﬂ @M%ﬁ'—@gﬁ Rd effector mis-

'tiwmm&dd@ t}.‘EéYﬁTEMd beAttfer redyivBoe Ketchicinyben tWRXé Bhfector

. 43/ Pl 747 d.on even date herewith by the

deposity ey Fedm i’é FRAREPIRESHSor at ed herein by reference,

[0097) €Chni gugige RRVG Qﬁ%&o?ﬁﬁ&@%ﬁi@aﬁ ﬁ’mfé@;%i%%%n{ RitScIeRAds to be a
effector/chuck ms-alignnent. [0096] However, even if

conSigdre c@nﬂft@fc& e‘(ﬂf@b e gtven prfsnfmrgr@e@lkly s@ke éﬂé@hwwﬂm tiher arises

fom Gy SRt RissfRFs PR EPRCl P ETRIR RSBl efcor mis-

aligniR@UMHEE @ty RithQhcH Raludi®y w&SUIIh oty Wat®! Lahyeduction wafer may
m s-al i gnment duri g productl on. That is, different

be pogﬁ@l@m(ﬁm tbﬁ eyghe idposonviyersatl sp(ggquéimgng dienges inothg niis-alignment.

¥ C
\ccox% {j\ ttt?er %0‘#1% fone(é ?135:18%?' s%‘ ‘??ﬁ&@?r \?J:i%zeﬁﬁsq h&ﬁﬂ{t%% nsés a
dmaxmfc apmawaf er sne af eny e R;miztSm&h ug Bmﬂmldﬂawaspmkihumn wafer

L g production. In this case, even though the
relati i 41 S B B AN PRGOS oct |y ai i ghed w th 1 he

{‘OO.‘)S&FUCK ¢S Me Qs o L %%\@ﬁ&éﬁ&@@l \@fii&e&tsoﬁﬂ%lénﬁﬂa dﬁ@l@%ﬁ using a
Il cause'the wafer to be offset relfative to
dynarghubknwhgvethapprdelef Aeb’nmmaiﬂq@osmms(u@ékw xh:p:cuann Biren:
. chuck for proces | ke, the
typicalp OO R IR é'a?i"igfn“?‘réﬂ‘tJ 'p%*bﬁ* ahpe \5\}’1‘1“‘8}?“ PERELI TG e
proce@iGORSHAE @06:. 614 BE whadr rdthles ‘ﬁﬁ&@ﬂﬁihb I RLEHNERith the beams being
processi ng nodul e since that alignnent error arises

or{hngqn@hlxodhxawﬁé:ﬁ n@mﬁjgngﬁ@nq)dh@ Da\nb@glsan@bm},@r@@s the wafer entess the

bean, 11111 th e};@%ﬁ%}& %S{H e;ymw ¥ ﬁe;m?feh“ 4§§ 1{1}2@%&‘ &é&ft%‘}ts 'fi‘lhins pattern of
beam @Lrh@irb: V-8 ;@a@ ReRir@dyg bae mf BIA beay Reeposi ti oned
e end effector differently, resulting in
9{}9% f f er <1§h @’éé“ PRVICHAISHSY faquaghwrﬁath AL BAIERRYY YO obE a reference
DA bé&‘ﬁ gliﬂeglq ihe t 081485801 gui(ftgldaetﬂgt i€1 gz‘?&%t@é (ﬂ‘lﬁﬁ & aie; that S correctly
require approac
LEHI@IESH ah Imﬁnwaaﬁeusﬁ nfocoes thise: ,zéxrthﬂf) "oiﬁﬁaﬁac HBi (m!knpﬁk miu aike pr oducmm DA

roductio
beam ?ﬁttem {i.e., tge \Qa*am pattern obtained for a production wafer) with the reference DA

&



relative to the end effector during production. [0098]
In the prior art, the end effector/wafer m s-alignnent
WO go0adsinessed usi ng a dynam c al i gnment beam ap@r/oszohs/087775
A dynami c alignnent (DA) beam detection system
beam pqu'x cainl grreevptioysay e obeawd. (he eobolt aserolibeaarsthemonateatie robot

the entrance of the plas r.ocessi.n ul e do
anm b0 G BROVRR SR BGRE TR BRBRE BB dorin
pmdu?ﬁk%{ml* RRlP GRS @@%lidiﬁ@ dt ﬁ}ﬁnl&\@fx@ﬁm&ﬁ%@ﬁ@ﬁ}'w Be found in, for
pI ane), the DA beanms are broken as the wafer enters

exanplnd lb@aqirt Saitigent . &, ée%ihwe%jma*tﬁ @mﬂmnlﬁmmr@mrh@ by reference.
fer

[{){}10 gnal i‘?lF we%qhig‘% 1}]32‘1(“ il éefsxeéfe BA }e*}lrno;dattgin ﬁgﬁﬂe% { T}F]rein as

DA bk t8WRatidn008 9} dek & éd’ﬁﬁ—’fr«d&/ HRIM & bakshg e Rbcd&RMhen to acquire or
roach, it is necessary to obtain a reference DA

nb'{anb%gﬁ., kﬁ@mrearltﬁmupn@%entbﬁﬂe;h@wng@gm pupies eprreqiiyteepigred on the end
I 5 L <

evftmg a1 t@t; %R }‘éﬁ;@trbo? b\ﬁ@% g% lt%rﬂt?(ougg xﬁtﬂg t}%&kbﬁé gxl‘rém%‘&% 5ls W
Idu,t,ﬂﬂ;fmaﬁkﬁgl fanernpraadgat wredDA beam pattern ( i.e., the

, ttern obt aj n roducti o th the
{G{NGS’ fer e gw@ga‘gé Ay § bfa‘f)(lie{;qfnn %R)éq’q%lras S ﬁ;é%}n using a
fabricRRH A sQe\thJ\- B kIRROL o0t Aok ek 15anR dbhﬁmlw gh{l@lg“ E}QP@J that fits

armby the requisite anobunt to correct for the eh
on a nefdhed ey ¢ndafBctoni sich g gmmbrh‘iti 1def embeffreod dEit2on Fig. _Bi,,a Ongce

Fur ther, ynam c al i nt bea 5
the dlﬂhv %Bté;d ]&%g‘h dwn;ﬁx n{"]%g&r ilgg%}czéghsb L‘ngétbm@g %gge TR 2 NFEect
cente@d 9% G0t RBSkP1CAY, DB 3tor | MTEOERAB kG dTRLRH EiteEXx aferiend effector
reference. [00100] The process of obtaini %
is they sogedhe e molmétarmxmtfb{ewmﬁbsmsemmﬁﬁe@ & orahBy Eha raigciogy path
tuwvg ?he, ch%@lx hl?m;«!h ig ch\ pm?m 1 01369 11 %tag t e?e:émg {gﬁ{}%an{i‘ ﬁ]gl’tem.
ea

IS nec oacureor bt ai n
wmogpl i br ammme;aﬁmie)ﬁx%h@tmm@ ktglabe @tdﬁfrﬁ&alﬁﬁ@e&ﬁhﬁ%mga
centered on the end effector and to nove t hat DA beam
waterssgpilgiag fisk “a@s&‘ﬁﬁlcﬁh??ﬁ?‘%‘b@%“@ﬁb At emrese gt gbtaming a
f Ream .
u.fu@tﬁﬁeﬁt\%%gx?l gg‘rﬁtuq) é@P%ﬂ\ élgam&\gr% ?E&x\%&?&gfﬁﬁggrgmhgﬁ%}t (sh&h as the
wa fero;lilhallanﬁd digk) mgtha ehdbitecad waly ml&k}mli\ﬁ\ﬂﬂaﬁhﬂs l}mﬂnéteéfsctax

waf er e, di ovvnvvar pr.otr flange .t hat
(e on ety i b o SBig e S R e g gy cvetes
have lgc@ft\&n&{{ﬁﬁftl%%t%ﬁm%@@ndd‘x Fin ) ?ﬂﬁ}ns_n@f'@pﬂﬁﬁa%l%i dhRaical
ted to the notch of the en fector,
fntur@ omﬂlermﬂle&mm rmak atﬂes dapmmed eartnlc;ts OOt BT dhmfde:‘rﬁamm i flake
e FESpect to“end ff T conbi nation of  simulated,
oftin{y B Ra s et for DTS e RSB By EHO S, S hPmicss
mmtiﬁh@ﬁﬂit@?&&%ﬁhﬂﬁn’{’{ﬁﬁukﬁzchns aaibirailght [ine trajectory
toward the chuck through the DA beans in order to
Eﬂﬂlﬂebt ai nAdlditemeiieheenpatiseahbpaoe &rpvriopped exymprleve pressure, the

prioy & 1 gﬂl}g}l%{go% a‘%}g‘%ﬁ%ﬁ%‘ﬁgﬁ%{%g‘%‘% @E) %@»égeglrﬁee‘a ntéht}éﬁg ml-\lt a5, during

producabi. bTHdt 1sdrcass dohhy pfoductdie cpuppess dihoptadsginggnaiule may be
reference DA beam pattern. First of all, attaching a
au,(bﬁ%*ir ¥ AUCHR SRS LAIE FiBkIg lc@m(xglgf@ﬁ» lgsshtih@m to the differennal in

pusad’f@f ﬁft\x sdilk @g& Jieh Q&xsf@mﬁﬂ dir!i'lef W€ nﬁj;bx%m ﬁg%‘?éi szy‘?lfau the

pot ent| a amage the en EC or. I Ona
calibratiivsc \mdillnbs dt nonfaitsludip Mleplicutd the pi»;b(hikgdmatthﬁ?umsmn&x umic
.. plasma cygles . _ . . .
cahbrgtton may ngﬁn possible. If the calibration process is inaccurate, inaccurate water
placement durmg production may occur, leading to decreased yield and an increase in the

product rejection and/or failure rate.
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have been executed in the processing nodule, the
pl acenment of a physical or nechanical fixture on the
wepaesdiect or may cause deposited particl es onPCF/US®Es/087775
the end effector to flake off into the processing
[0010dDdul e Enbudiongntt dahs ubseduertaiprovedsingdeypphess fsughating a
es const,it particle. whi.ch

DA b‘g}%{lﬂ gg }%‘x egw_émxtnaﬁ‘i g%f] thﬁawppuoﬁ,fé,lafgmh% gwgtdé»g l?iiwézm;c als wmmm)

beam$ Bl BIRIHAMmdS_(BELhALIRAeAhy AGIRSRBANLEHRILESSUISh white relative
prior art calibration technique may not effectively

to the du@ Lﬁcfamé Otf ﬁs’ Rodimiconbratigssexbiytis gomilagd pfrt@gi thetrplt.arm

1ROV 816\? tclg L(S)H}Haﬂ‘% edte éiyir]rﬁnlggg{\p‘.leél%’fﬁ C’QHB ¥ ?lngé\étﬁ ’fr%ll 1] a%ﬂkr%ied(}l

An o208 oL fe BB rTRMRENEN lsSeniplowellith edrBink Shd fiount of correction
differential in pressures between the vacuum

requitg@py therivbaitarairia comecRits fenthearimsgphrde egioneaterpignment. By
mmp&% n.'n‘%f ﬁ:‘i z&ﬂn@&?‘%& LAPO% A PAL: {@'nlvfﬁgubn o SUB! 1 HALEy &{g&t the
ion conditions, accurate-“ca ion nay not
ukum(bss:hbmh d:,,ﬁtetd‘lﬁvﬁlaf tnh) pabrdef@I@dessidheditlnasgusiahbytion.
i_paccurat e waf er %errent ur| ng.production may

[
ﬁ'ﬂmagcur ql‘é%lﬁhfrf@]b?‘oma F BUSEY by A &r @IS I} wga@aﬂw the
meor :&HQ}I}@ OILEE e %ﬁ&h&r}n@lﬁ%@éon“]ﬁénl\é%fo% dadt ﬁq[ 9&@@14(1[3@} the
nbodi ments of the invention reiate to nethods and
afarem@}:&ma@ optidabratr santienigg mebadhdmmesalanbDat haag: adibetiplypssembly

May bfg S{“&EH’Z%@;L’E 8’33&2 fbr .?pq%hzbqg}%i} gt?\n[&,ﬁiﬁ 2t fteﬁ%d)}(c Laﬁ[}:\ Geam pattern.

Advanyal@isie eahBidiMont ef tie 8 r@Rbn &ficthLAGRLMDLEbIAN Waheh the
refative to the end effector) of the DA beam

need ol rwﬁmmnbh*aggém ywife-smplabiag dekbei wdgeting theobed vantages
assocTRAGTRD: SR OTRENSAL . IR AN asorg eot |y cent er ed
[ emowgaf er - Gesiesi Mgre@ithaihdi®s ht axedidn af epafarateridBtering
anmount of correction required by the robot armtaq
technigppresiagpesdre oterBi TR RO GAbE ERPESRBY e G- the wafer
mei@H ANER by thﬁlgwgiﬂsr@tahﬁgm 8L edd eﬁ‘u@& UIHAES a@r&q Note that the
ector/wafer alignment using robot arm novemen the
cahbrﬂiﬁtf&ﬁ@ﬁtcoﬁ}aa nqmeg‘ee&tdy%vﬁen’ﬁ:er sddf afiethaon samtendlly mmzlm to the
W afcxf Hgﬁgégg{({ugqic?ﬁc 1 ggﬁg i \xﬁgfggtﬁté{% gxltolfgsqé%%(gggp f?%d 9112 enables
the xoﬁﬁ%ﬁﬂé@és Qo Lo kiR ob BCRR RS nﬁﬁgltg fifB64Qk ﬁ%@teﬂér any offset
nment (using conpensat’i on data acquired through
betweeh é?eecfabb@nemtﬁlam@dmomnddae ewhédectaenteri ng net hod),

ultant DA b calibrati asse
(0010f et TP PR DR BRI L B UBFRT: o Hast fdone s wken of
at leadt %f;ﬁh&ﬁﬁﬁ tAcheamapat dfer dnd sAdvand B_Eeo st he e@@’@ﬂéﬂzmﬂﬁ@x the
of the_ invention achi eve DA beam calibration w thout

calibratia velstisohspasereehdinicedpiteqisa e gpd effector is provided with one ore

more % :g rm(ﬁ ‘{% c;%'{t %tﬁé Sf'@)c)c@&u?“ﬁé %& c{%gmtnlﬂ'% Fr :3 %( ?tgﬁn ﬂ‘:gfgsé taken,

the elﬂ@p}feet@&ﬁefukmﬁ@l lmmrte n@fre a@bedierhadimeninseafont e end
i nvention, an optical wafer-centeri n? technique is
etfectai PERatEck & thia fEte IHE (Pha tseagncs mask ton & Tesap Braes arircle).

The é’m{ &l 1(1§; ioed®n\RE &ld %m&ﬁ%% {1Qf 5 Ly ikﬁ‘?@’g nyay be faken of the
“cal r('at'osl relative to the end eff ector detrned o N
scribedenteers iNov@et halispbhel wahi bmhtﬁimwvé‘ﬂ&mn&yhmcsmmsend effector
18 {.on? éx&uﬁ’am%rn c%{b() nﬁS& tglb%gﬁ ag”\h aft<t lefci ;S tbcsgcgatr Ic W |h¥d1 mmu({acw with
the end effector-defined center. By ascertaiming the arc and the center of the circle of which

the scribe line is a part of, the end effector-defined center may be determined.



waf ers used in production. This optical
waf er-centering process produces data that enables the
wo emonsaentrol l er to nove the robot arm by a recUUS100€087775
anount to adjust for any offset between the
[O0108RA1 i br éﬁl'e &mfmﬁ&ﬂarb.eimu@ne angmbheeiand frefifredtorh et gmerally
nts of. the inyenti.on
urguigtou}g ft g gta‘g o pest 12%&@ tp &1y %gkﬂaﬁ BEPCeging Bk 1o ¢ t‘dfﬂ’?‘l @ﬁ center
of theQfafbhey sclﬁhh@éﬁk e MEERT ofRehrabnd GaSdre i RO HRARf mbhe
end effector when the calibration wafer is disposed on
itcrnutﬁehemdideﬁm?@@t b pflthedtéri@t @ Calchraorn @dfpr vl pedthwiprdeessing vnit
at ors that

to mure eeigézgmi\h és-:,e;r%mfﬁ eoceaxgett 8 2 wax‘mf Jd r%p[uﬁfgngi(, exlnfmh%em however, the

outer b @rlﬁﬂién &hBe eatkrekileehntintefdoed degrtiaisull indRatd! ONBE e wafer
enbodi nrents of the invention, the end effector is

centerggvipoietl sifackyt seaer s deicrnued by imyroperer sndahraffiet (e, the
" s X f. ). The scribe line is
delta @311\?'%{]@5 '&gﬁoghgkgng@ @@&%%r such that a still image
E{}m{}may be (leatrally oficak lvg (Bat iabeat idanetvemerhriduea tnadresct b Svafer/end
.. di sposed on trEe end ffector The scribe |.ine on the
Lﬁ“‘%"rﬂé‘l‘é paper The N Hetgigre s PRYRCalFoBRBEdH Htsm”t‘&“%e“*ﬁh‘b
a&.mnﬁ{l&h&{ bs,amghﬁ}gliﬁz eriN8rCRR LAY “%fﬁ,l*%h ahIeQ! feldes h‘é"v@@m is th
he end effeCtor-defined center. By ascCertaining t

plac e@mm tlaﬁ@ids@qta@mt grd hén theeolnit roh enofes Wivi aold effhetosby & Ide%t*mue

d eff r-defined t

el s e ABRO TG0 oy DS ucial St P i hado8ndhe Y

effectfDhEn YicRYap tleaalil 8%id fYehias atDesigenerti ¥ peldiedh@ositioning
outline of the wafer periphery) to enable the
the wigpoeets mé effattor ¥ eedetegdn e proeeseeny & poffoningl igadteiely unul
the wi Afg; sﬂ‘;uncﬁd ‘3‘5(38?“?‘%%2*‘*}“{ Fur ;rIT»a%,Il gxgelte?& grﬂ%(gl dlotr | (r)nr::ralel y be
0011 pr ovi dgfle E@ontl Iﬁﬁhﬁ@be br @irtsena Waf@lend offadthowishighment is to move
rocessi n(I‘J unit to nore efficiently ascertain the
the ropginygy wiichieRieciugt e proventhg Lﬁifl gﬁ@.ﬁ@le@déw@d}sh%ﬁl@h by the error
cs o

c,omclgfg\r"]}g;éﬁ?{] tfﬁ{eblsaf’? glg t(} & “52’2}.5“?2 gﬁé{lms I&% f{ﬂ?\&‘gﬁ lf:ntaﬁrﬁ%]rfmus This
movemafedimelnten tanbA ransndie efdffegiositioo elnt dre tahbranon wafer vouid

det er b sing uni.t, the offset
have QUi Sheseh R aN o Bot G CLE herbied S S siiegigt. Afer
such a{c191Qc.19g% HEENR ol tar: %Q%@K\E&Qﬂ)thh ﬁ{ﬁ g@ Al tﬂr@ﬁ'@{ thb WA beams

techni ques to correct a wafer/en fector

{prefemitdaln zgm@tt lm&‘hte akiwist the échmdqcﬁeranse ph‘ybermal
{0011 \r“r ﬁ; héuié\ﬂ" }d? gilétngtﬁs[ﬁﬁﬁ tﬂ{,bgz?} P}t{ﬂ?}%ﬁé)}r%l l(ﬁ?thbmlcPcX stood with
refereSéediol (RO figdlee avbdissushisnd thenfopbaced on the hol di ng

station and then the robot arm noves the end eff ect or
[0011BY a diFés dhe shoveintapeondgnesoritleet cnbediprat Ofthe presqus digntion, 2

schemiadi FelR 8;‘? £ Y860 RIS z{nn 5185 y il \?fitﬁm top view of at
B LRl ER oo oS RN S TRL B2 e o,

T or again
least agmatiys bBan d}ﬁluﬁf foefet- f.e;ﬁerﬁlhy&&t%ﬁ{ for emsmt Itmm@zcmhﬁ simulation of
waf er on the end effector erformed. The process

a cortpelly watest vt ‘F{@‘éf‘ﬁt“r‘%?hg}* WA bpe colfraion BirpeRghgAs seen
in Fig! %”hgﬁé @‘i\t\?h%da 3&@1 ex?s@&k&r ihd M Qhinldd@ L%gﬁp§gﬁﬁhﬂ e thereon

*1 00110 e secon nique to correct a wa erlen
a %mi&f et Iﬁﬂ'mm“i"éalst,gmmk B4 o o eearhple of 6hpt BAnyyn whirghresenting

noves fhe end effect fe enbl vy,
o porip e Ry B BB b i SVEIT VEadRGe Bt derned cenler
0011 :I'ﬁt er mpRedzbysd Bk v@p! el ROBE SEpeQBLIBE RLRBAGRS Sraler to be

employed to create the reference DA beam pattern. The optical wafer-centering system is
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novenent sinulates, to the DA beans, the wafer
position that the calibration wafer woul d have
wo@ewupsacd had the calibration wafer been corrertT/ys2008/087775
centered on the end effector. After such correction,
configune! enttteefirec t!iimé wabptcahssemt] e waytehel thowatkr thd degind
DA .beans, refera strai ling) to . ..
effectygrlTod CERE aBte da pedrer el cBERENkt pOG el effector or
to sink8R HEEFeANLeRGMANE ABES B chiberbavent DMLY M8 rRRE Rpases.
understood with reference to the figures and
[0l ié] S c u s Q uoing opheal Wodtrlcomer 1{?@%}32@&@&(@&*? isBRonstioes, BAW (e.g. a

Lamem é’ﬁq? E}m %en@%@eﬁﬁrﬂgﬁg eab v» aé%lt ?éédl?}g HP%?%(E {gii ast rf}fm; image of

end e@é*@&ﬁ%ﬂ"n Sicfdint B2 30k Blz@lﬂ'xhdbk REfed {20, WoeWhef a &drtion of
| east_a portl on of an optical wafer-centering system

end elfegrordhibl migbe hidder witer viafes B 280 pihasitd e ia ket feat pyprbead

from ‘f?Pﬁ(%dq 3 WBTGL Lol Bl 1{3 CIK“I% a@ﬁxsce Tl men%%mpﬁhpﬁﬁﬁn or ai of scribe
rati on purposes.

mark m@ebe c:qmtlmﬂkmgmsyﬁmema ncI udes an end ef fect or 8202

fo011 BEO 4, 9 T%Qrggéglgxgglﬁ%%glug? h{gr?ﬂggnég Ox?zf @ggﬁxzazlg{:ila maodule gmq Y may be
able té ?&Eﬁsstﬁpt ﬂ}@%n@lcﬁﬁ’{t% Qw@m@}‘i b§ ﬁ?e' rlﬁ LB )Eﬂ%}fﬂeﬁt 84£ePh206 as well as
whi ch coincides wth the e ect})r def1 ned center.
to det{ezﬁan&&]ﬁ cBingr oBhaalisée (sﬁmizsrearmﬁgmem%g BR é(bmew@m BAGH).

Likeyi BB S A D ot S EPRT. PRUCSATT 81 WAPGY PARLBRY heble ©

reconSiit SRS RAUTHIGE QEibk Gindetren M Neart @ﬁsﬂ%iﬂ{h t@ RibieGdlne the center
met hod, the center of the wafer and the end

of thapeifddet bhis distle nedprsenied in FigoBddy deshyserivehr B2 Wot ual

{001 'i?fnt er II g 19'; ﬁitaal? ?hawafa%ren Uteu ¢ &4 eiGﬁiﬁCt olgé‘iglrlt Lvothﬁ end effector-
mul at & a cOrT 8Ct Ty centered warer on tHhe end '
defin€f deaet 801 af ddddnbiganhcabkislirahbaihnRd HARSSSHy w[nrQQ T delta B2 16
During optical wafer centerin an image acqui sition.
{Le. iHeyilpga Q@éie(l%m@ imnauégﬁéplgualg%%@éﬁd age%r gpder B214) s then
g eeLQ 214N o . 3 o ! . 1
t.llu‘ﬁ{(ﬁ ﬁu m@?@ @ ﬂay\ﬁi ﬁé%tﬁ%%@gégg{?ﬁ %xﬁléf gf)}ulxg@ﬁx I}% éObm arnt o
move mlw&ahBﬂﬁﬁm \’ﬁiﬂ]@]’ tfofm water uB%GﬁﬂmNOt |ch hatmanmdn tewaredfrelative to
I ‘%g‘effector B202 My be hi dden under, wafer B206 iL
the engicifeciorhip heRagaiqndhy ‘dil‘eﬁ‘“f‘r‘ BV AP IhIvAICE iuidhave
occup@yd/ or lens arrangenent. lrrespective, it is inportant
that sonme or all of scribe mark B204 be captured in
[001iThe st i hthﬁmgeh tﬁ!@:@lhlasq\u&xtlpmtm@a mgthamplorBRRALE faafer
uded,in |0 be .abl e t.o
aisposEIaBna pb et S eBpet i B P8 brBpnad by ena e RCa
corred@BTde BREIYorOhe Wad effeBd06mag - ﬂ%lai‘ B rdcordiet Bk Hiak-dliemake
center of that circle (which represents The center
pattermpaithe mbsts. Bpfency I%éwdg’eﬁdﬁsmé’sbw plganailt ABZRgussed, this
) Jed 9 OR)
lefeieg%qo{) Xﬁ%gfr{p Cagtﬁxg %\,Cﬁéjﬁ%g Eﬁrn glodtzgg(&ﬁl Cﬁ%}ﬁﬁvgr?el) abfém‘%gf ﬁg production
DA bBR0gatiesn &.cpahd Dof ham metlekn a;add withatpesductien tadrcenieaimine the
of that circle., This circle is represented in Fi
mnoug}p{ daka 8 epyeftengoqwr ui[{ 9’0‘13?@]’ thiuéi onpgnigy dging hw(gmgw}
,_{)Uligpd ef f Qfgl: E;x@?n{ﬁ{m%gsu&%mif&?ﬂﬁ@ﬁ}%@i rﬂgm b?ﬂ(ﬁ[’%t calibration
ef fect or I ned’ center B202 as determ ned
water axﬁ o hehlant stomedrodbes s nOnunite callveticehtiker BZC&:@Qs(mdem the
erence fromwafer ce

leol dii g he tgj?xlfegglpgﬁﬁggdl {%f m@gtﬂﬁn may Py the end cq"cctor %\ %hg posmmml

correction vector {obtained during the optical waler-centering process) to reposition the end

effector relative to the calibration wafer. The process of imaging, analyzing for offsets, and



generated. This delta B216, representing the
correction factor enployed by the robot armto nove
wa b@osdisbr at i on wafer fromits current positiPCr/stngos7775
is incorrectly centered relative to the end effector)
repostionpigehpasier bothetdudtefetier ooy be petfyrnmeinteated!y until the wafer is

cente e gret B ity PELOH BT FO it B oere s Bty

center@l Mafdr® NEERT S RP SR PANS IBEERG LA BRLSferddck DA beam pattern
appear to the DA beans in the sane way that a wafer

iﬁfhu@@mm@@h&y“@@ﬁméﬂed on the end effector woul d appear

[O011 gg ar ec r 91% nggfr) H}g%{ g V3 tgag é& xrtfﬁtelt tée?z enr%?y slgm ;Bflwh!ie n%eé[onASd 1~

situ (k. S@dlk&&@ébmérh ked/6eleas @ﬂ&ﬁ;e%mb&é\tfﬁaﬂ@bh@{ 2 siiBynde Weedhe
during production to conpare agai nst the roducti on DA

wafergag m%@teéyehm( preglispoperbinpde ngém)@étzttg Admgde Ighe gage or i an
atternRE SHHGH QM WAL ﬁ;rolu 851;,:‘4%5&{1 n} ’b‘h&@%n@@%&nﬁ& ﬂxﬁ&‘%&sséﬁt‘?ﬁiiy
Correcton require roduction wa uri ng
appm]@mmﬂﬂﬂ&I;mluc[z&ﬁ)ddxﬁiji\*ixﬁdxt aﬂmmivmbiyzbsxﬁmdy isCussgdin-situ optical

earli.er he rob nmpve the calibration wafer
water t&bi’l{él i% fﬂa‘.f ‘i)]rgm S’Sétg&? ‘%) ﬁt%ﬂl récluﬁwgmfvp@taa f@\l&g‘ ﬁ]ﬁ@ 's centeri ng and/or
cai;br%’éd tgrb%tﬂgﬁﬂnmf BlecohdinidBPAR LG AMNikNE: @Qh@bﬂﬂuékﬁtdo‘}l@mom
ding jig, the robot arm may nove the end
ther eieflﬁMmg cépyertigee posl ariconald/@ortibotivonelsted eonrs( obt ai ned

(001 7"8 pOS| l{)ngﬁ t}gpt gﬁdﬁggt%ﬁgg&gtﬁ? i vg r\gg}e t? 21) ing‘lgdes the calibration

wafer@ad kil &l PR e {8t mo ORI PMABE pS cOkiny! fﬁ@:&ﬁ‘:ﬂ Xﬂﬂ ﬂé%ﬂi R@rection
for offsets, andrepositioning the wafer on the end

may tedfif tiade tﬁfaszc swt fm rthfoqrrnisfd‘l‘ticttewatfwmbw gReeet. teerwlas @prection

13 made ih erslge?r q» tirat nc gﬂ}e Lg( {)1 (18‘(:)19 ’vd%ﬁ‘%td% ihe enarelﬂj'e%(irn is ;Stmduccd
resul” I Bral |on fiX Z

into (IGGRLES aelo waldale Qaittheuen @heeit)f\efemﬁ )o p@dhdfasetne eaq@deayet@reme DA
to obtain the reference DA beam pattern in the manner
beam gpld@issed earlier. [00119] In an enbodi ment, the
[0012 v?’gt | caky, Yol &l oGRRlRLdR %é;ﬁgﬁ& TR cRGeRES R@z‘i:ﬂ&&h}n% bEu
, using a canera and ens arran at” can
per fmm’ﬁﬂamma cﬂh‘h& pr ﬁkmgg diddie Ohe habell uamﬁk it bekemack analyzed and

any Hfl’eL:;];bS%te&é&.‘%g% %I qsl‘[}ef‘ £, ﬁ ¢ 1:1Pél:dﬁ§? é&lléwg[adflﬁtéa{ Hgttbﬂ Ldil%)&ltlfm wafer
and m@&% e8sdiAgis TR Ced irPhRGS &L&%&lefn BERALAH ORI EDA: DA beams to
substantial ly approxi nmate the proguct|8n conéltlons
m@mm¢ﬂh@@ghﬁﬂ@ﬂlabwqmum@ly necessary, i n- S|tu optlcm
{001 i?;wﬁf er gent e ar}d/ o(r}r il 0 Sﬂ It} 1] B dipie \i tB eserll pvention, a
vant afe usﬂf " TS8R eY 1M Y EHdY P E%ﬁ ‘rh’ir‘dﬁ s ‘
illustrBvPRE&E OnAregf thd s thir ketQtlfy SHEshaRinh Al deMtefddndrAfaf rel#ive 1o the
t he production conditions, thereby reducing
end déemrewfwgd Eer i i eerr arisalawief bifb%ﬁmafﬂrﬁatﬂlﬁbﬁ ip oFrder gytacilitate
bPA b%{;ﬁ &4 ﬁ)i'ii %0114{3]111 (?n?: F\pgeé&% nenegla OF e§ato@|§ Qt% zqmsé%%i mote
of thetc,hexpemhte&&mt@m itls rateanyed the @mﬂ;ﬁ&embm cB3simgep B302, a wafer
. Any _desired correction then be made taq
18 platé@léwhf Uf{btrfffttﬁé sarythat ¢ gt ;@pay%,alpé%dmg}_nmm @mx‘eehwmi indicators
on thsﬁ%:r&i%‘ t:(h»‘? (.PB!EL ?&IYL&Q \]xémﬁﬁzq atok B8y é@%ﬁ?ﬂmcg bk I??\I .
i hcl udes t e calibration ma er an e en ctor is
(001 1B]*]t r odlre gtdp BAGS, o Judl | Lpﬂgc esskagintbduldefagairntht bnoughnore visual

ce the desired r.eference DA
ll}dl{.ﬂtmb ont AJ\}(: Lllain’%CLtOY anq the w di’d’ 111 e manner hLubSC 1 {,OIHIL{,H(JX} ‘s’%lﬂ} Fl“f

B2.



beam pattern. [00121] In another enbodi nent, the
optical wafer-centering techni que nay be perforned
wooeigigilaenf the processing nodul e. Once the stpPeT/UBI008/€87775
is taken and anal yzed and any necessary correction is
[0012dRde, theeg8iDMaratioproassenhk ynddraked naletotesnd the one m maore

callbratl ngf and‘th gd effect(g glntroid i
visual TR B SREOPHE il AGPTT DRFOUSHCIHE B Hakifgmine the
circle it Y QAMEEH BR Hes g@ﬁﬁh&@&@pﬁ@@f@@t UE LA en{bg@ﬂa?e%} thed Gl image is
B3 shows, in accordance with an enbodi ment of the
analy m?égémlmuaﬁiv et dseint, @ prordsbugtungt e safbewnding k«tm@mtme onfigured
such l?z%teigif i%}otrf{e%{;?;ﬁté g% dmgH; é(fudatzm u: %agﬁgxgh{hg%)%\@.f tﬁéﬁgidnof——view
etc., a@Phptiad] edimeeng afd Rgrheaha lt{ﬂélﬁm theQh6lREsikOunit to acquire the
facilitate DA beam calibration. The nethod ma
visualdadieyprdhrigyovifdd fata iadperaningthe|epd e Hgotonengy 2 Iﬁ%}}@ witfer center.

N h t % fv t X IEES
One if flﬁ E&)‘?ﬂp%g&irlﬁ ﬁ)pq ot ﬁygéggth‘@"ffsﬁ x%xﬁ al{agﬁ%ﬁé%g% %ﬁhttes gﬂ%ﬁgmn
and c@faﬁtﬁﬁnmb 8ty (tiha‘tzxxﬁ{rstﬁ hikd prrageterd, nedyueiageoaken s improve the

nore visual indicators on the end effector and one or

contraghindhg ragg) g FEREbIMIEE PEMESIIRE BPICESUBE t aken.

{0012590123}n L SbERNBR0 4ep B 38R lihlo i TRGLerkSnd AKRRIRS of £82 points
effector, the one ore rmr e vi'sual indicators on

along tChEUEESHdL ef}\khcm dre, stidlrichagh en@\aﬁé:nmmb turee frumgap re-create the desired

'1"0%8%’ se‘q n_connecti.on Wt .B‘g.ﬁboolzﬂ], In ]it’*eﬁ
CIre kB 8 }!I}i)%é&éﬁib?&d%geggsﬂmauﬁl% mﬁﬁale‘wlitgﬁk e bmaléllh én]i&ﬁ ~ fl \éﬂ 1o
those Q18e®@n (RPEA 1Y badAti: O thCafndle RBothPRheNdsi hRdl Qbneric off-the-
(e.g., the aforenmentioned scribe |ine) and to
shelf progessimnaitphekagky cheh ahiar cranylotheieyshos mﬂmuw@mton software for
use \\’RE{‘:J\P QS&.’?’Sexsest( SR :%Lr\ -1 "n\l ’iﬁcmﬁ %’:‘&%Ee»!eme €0 mmtum of
IS analy S T8 tornt rrast 0 assi'st a pr% sing
xxfggdanfftLakéhe¥)canera and/ or | ens may be configured such
hat the light frequengy, the lighting conditjon, the
{{}{}lﬁgber t ubiestep ké 1 §.gbpend ¢ifstardeligedfenigrapascapaned Hpr@ the curcle
1ccxm?nﬂfﬁy”ﬁl. pf&(sﬁllﬁt &{;{Tﬁ%% LE R0, rx‘?&%ta and, at.tcv?{cax!: ! 1‘1’1\5"5&@&% tine}.
cessing to acquire t evsua I'ndi cat’ofs that
{001 m ow dén siap ﬁi >ﬁa tﬂet@nemdh ehd Weteeipdisaffagetidrone émt@x,icand eated by
e waf er center. woul d ,r eadi

. |
the PP HET FOPBYGI AT RS TKB AL Pofleqm s iy STt water).

(0012081 aMeteLS, 8nds GRNgirttaRs be@ﬁm‘{\@{el 1w@TefleR8S . the calculated
i mage-r el at ed paraneters, may be undertaken to i nprove

differttve fomnrries teiter wheed effager comet brs thmm altmlag@r example, in an

embo@xglg:%te%%!o@gt *g%ﬁe?v% Qg}grélﬁ‘te‘g’é? L)hngdl téy ]bf‘{. t\ta 1(11 ﬂv. t(ijfo chgF s répresenting
the twROVATES (8L ORG: [HOMICHAR bafg B! &libMtioRevasdn bl ollbP@Qs@iin their
performng curve fitting to re-create the desjred

centerg (prel e defrsencie ayeep tloveaisr ppteree i gyedthghig tegrspapioyed in
order E%&&é&l?n& e hﬂkg%&fﬁ.a@{ .t}"ﬁ'd .c&)P Pé"@uE@m 85 5&11% k.bz.dlt %Fln t&‘ allow

the waBNYa 06 Reecdf fertdied hﬁhfreqp&ﬁ(teﬁ&el o e&f&t for a&qipagets the DA
(such as for exanple the Ke(yjence conmuni cat.i on

beamssisrif Wit watep s qeciRp cadiepdagtvresgct thespd pidioar
FO0 128 H3 N’I i ?\5@ Bhap tﬁn)(, FOM ERYEDHRFRURO TR LR Qhirolier to allow the

ake,
robot c;ommiicl to perform the compensation. Once the end effector/wafer mys-alignment is

compensated for, the calibration fixture that includes the calibrating water and the end
effector is moved throagh the DA beams, preferably in a straight-line manner, to obtain the

aforementioned reference DA beam pattern.



[00126] In step B310, the end effector-defined center
is ascertained fromthe circle recreated by the
w@e@emesdsfng unit fromthe end effector visual PCMUSHDE087775
(e.g., the scribe line). [00127] In step B312, the
[00136ent er & canle apafee 'r*ztddsﬁ‘(as cler foadgoed:, Embaditiretsaif tied @vention

recy eat ed. by the roce unit fromthe wafer vis
facili DI ) e L PP Py B d it By O e
disad{:D@LE8hssbflagl %ﬁtiﬁﬁéf}mﬁ ﬂ?nx@tlfaﬁﬁ:&?ﬂ@ﬁwb@ﬁa‘f&%ﬁ FhRhdWRre, the

centers (i.e. the calculated difference from wafer
eliminggint ef thegreehth whfip @@mmélempémuuml disketor g@nécrta*@eum Bovy

center gﬁﬁ’\{‘g@? e&ﬁ{}%ﬁ?\nigs EIR{O%E}%{% U!]t ﬂH’ ilﬂ fd I‘IHIP’H Pg? ri %&S)%[ glﬁ}‘?lﬂ% 6i OCes ‘?H\L

moduleNthetdd® rA@fcalshé foGibilityne cRi Qﬁi&k&{-l ewdled\@rf;ﬁéﬁ&ﬂﬁ daf@ge and
calibration wafer) in order to ascertain their centers

Cah”%@ﬁﬁ“%ﬁ%l@#Pﬁé#@ﬁéﬁmﬁﬁfmeen the wafer centers). An
G-Ul;%‘fi‘Lgpr ! \ﬂ} d rﬁzetlﬂxe;fﬁnﬁﬂﬂbs?’%{&ﬂ Je R RLAG] Rgﬂ% 9&&‘[:‘{5 Eﬁ‘;éférﬂ%
correcti on vector require
unbodmhmtx tien dre ahlhovwst penwadiens tdhdtzqiisalenis ow h:ehmklyv» ithin the scope
ect to the end ector,to ap

centered with res
of ﬂmt REsRp é’g‘ﬁ@%’é VROUSIFARMIGE BT Hrav @t‘fi faeinel ‘%‘é‘ﬁ?‘g?‘g@h‘t tagse
mam;Wth g‘: IEPRGL hE nt)hﬁmﬁﬂ}df & x%%é?:f 1o thOGk28iod. ni“ectt& Rmple, althongh
6, this error vectof is provided to the robot
the v mmhtmi@iammt the ahkingle henagnnobotre contotiolr I\em*iimalﬂxma‘f@pmie of

enabt i SO EPPRRARRE 0 BONIGHLALBR CT BN SR 2T PbiFALTAGY center may
bggm&k%@Qre that includes the calibrating wafer and the
nd effector is noved through the DA beans, preferably

{001%h a siﬁé@bﬁ@ﬂ®$ﬁ%fﬁﬁﬂher to obtain the
{001 %Qggr gge\glthmr;,g& YA {Q%ggrgﬂ §18s .FE]?@ p?(g\?(gg(f)@ ésg lg }?big gﬁ J lthi%sih?\e
exampibebd nMetmth@rsmﬁ a6t linliafey ;tlh&qa&qw thé Emeﬁu@f Also, the title and
ref erence DA beam pattern in manner that is free of
SUMDRRBATH |¥’§§Mﬁt‘é‘@@§“ Fe8vElecE dng}\,p}ffhﬂ({ A 1}sr11\%<|‘r togpopstrue the scope of
the uﬂﬁ&*ﬁl@w iff A urlile ttH%%ﬁHPQQ QG Hren TG hh’%f\m%)?m ;zftb@z‘urm and is
elimnation of the need to use an es“ ecCl
providristan &redndirsdact and giogwhatid ngt = ﬂmp' O‘ﬁﬁft{by:ummmexr dichit the

r.eli ates the .introt uct| un
overalf Faiire YT R e dLhiie s s LG Fddre. PHBPygberein,
such tEﬁﬁl UGhRGad @ HROSHL p@kmhmmuz@@mo%rn@&mqmrﬁi Ak ﬁﬁn ERFover zera,
fector damage and cal i bration-related particle

one, fxs omti athianate orembfe00 1Ghpuldildoehet thitegd uhaméﬁ!tela@mmhaﬁ aferpative ways
f_AqungQ%g“init% ns, of severa% referred empodi ent s,
of gl RTP I 0 Gihoda RO AP EREROT HFIRSRE™ ‘Sh‘d} EquiVarEnt’ste
intendofited rifeadols DWdO’prE-eﬁd%ﬂ cHE0P B Afteiblits! dTMENRING AN such alterations,

Al t hough various exanples are provided herein, it is
pernujiptonndad ahRRlenties dalb i e Uhe spiF erst soaps VBtha meesprstinvention,

limting with respect to the invention. For exanple,

al t hough the visual indicator of the exanple herein is

an arc, any other visual marking capable of enabling

the processing unit to produce the end effector center

and/or the wafer center may be enpl oyed. [00132]

DI SCUSSI ON B [ END] [00133] Although various exanpl es

are provided herein, it is intended that these
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exanples be illustrative and not limting with respect
to the invention. Also, the title and sumary are
w@e@viogiladd herei n for conveni ence and shoul d noPChHES28&087775
to construe the scope of the clains herein. Further,
the abstract is witten iGL5M$ghly abbreviated form
Wi a\nq( i sﬁip[_ovi ded herein for convenience and thus shoul d
12 ot 4 'HE Y dhpl oyed to construe or linit the overall
f 1 DVRRhLERer MIb&HNE ali@XRNR S Bledde fFRErGlidl MBpect fo d Ofick ina
term"set" is enpl oyed herein, such termis intended
piamm@tmwzg mtc@nmmdnwh@mwmm mat henmati cal meani ng
It should

2P TEE BT O Rl SRS RER ARG ays o

i nw\ﬁrgamd ad etfhsemiram@@%ar@;&%ae@@zanﬂétuﬁqmoiuch Rigat said first light
present invention, It is therefore intended that the

?ea"‘f‘é}‘?‘@%%‘@Lﬂ‘dyb‘é‘nﬁéﬁdé‘lchal ns be interpreted as including
a#eTuR @Jt%?L@Rh‘%G?@hPﬁ&M @’ugg tr@@a‘i}x&ﬂﬂeh‘(@‘l'ﬁ&%% i#g
fall true Tit Sco esen%

generhiBy &ﬂth»mm«lﬁéd:w&n\ﬂ!mtmﬂ&m:hﬁi fied il bt,lim d@:mﬁihnﬂﬁm&
calibratin nt..ot an nd effector with r pect

{ SRR 5 oégﬁﬂg%{i F YEREsogesyy tuRe OGP § oRgauites.
W hu&g @px B0 Gr @&L\&‘nﬁgm@mg hfeShiati@h Qhr’&e@rﬂlf){cq @ﬁ&‘%(ﬁh@ﬂ Qignals
ector to said chuck; noving said end effector along
generaeqb réce fdid didst dighi braat erxmnmgtalt%mn@dsmt faad clemkd first
gt beam traverses a surf gc_e of ﬁ%ajg chgglﬁ;“ e
SEETUHY Bregsy TBre FerRarsl™ RUHe Paseg paitee e 3 e
cmﬁfnu(t%' Q& @ekel dr@idre ShAR% Bl fUnGeARERLEH: Blred &38bre points on
when said surface reflects said first |ight beam
bdidtdwm‘n@ﬂi%ihﬁ\mng, anal yzi ng said set of reflected

gilg?‘}‘ﬂlglk!gna‘%d%llel ek :8 nfluc Yal c m”] ihing O Inore coordinate data points.
d| sconti r'”r’u erei sai d nore

2. drz‘aa et 89 affuethéle&faﬁﬁiiuimnblhﬁm 3QELhmlﬁt,tf efdnectiediector
i ght signals (glenerat ed when said first |ight beam

ddm‘é‘ﬁéﬁl&ﬁ?b‘r‘%‘i gl AiRgEorder saptiss R Ty dwdt Ming three or
3.0 MaRe candinals dakRe P ﬁﬁgrgmbfa}ﬁ& £ L ét&& Eat rm){m oFfser

d| scont I nui t es, sald three m)rte “codr
distanpeirotrsay @irdkent ﬂm@m&hﬁee: of saiberel ¢fbicnts s.mogensan;dg eaﬂg éirst light
of said chuck; and determ ning a center of said chuck
beamipased on the three or nore coordinate data points. 2.

4. Thee MRENRD1QLie! @ mRdinf s%!fdt ARk W; Bﬁw}gnﬂﬁ%ﬁﬁh%mam more
light source to an end effector defined center of said

discomnaitesf ect or for gener at| ng said first Iight beam 3.

T met.hod .of . 1further{ co rUS|n ng a .. .

TG ELBOria A (DR PP et O BRES R SSHICAT gcfuck toa
robot €bi{tRG10fo dRblena™ oBMt@htrofiersatailend s@tifeas bftctbOh said center of

enerating said first |ight beam 4. The nethod of

said Lg‘l“él m 1 wherein said three or nore discontinuities are

6. T QUneBbd WPLGi | SEANLBHLHLES

providing a second light beam such that said second light beam is transmitted
parallel to an upper surface of said chuck at a predetermined beight above said upper surface
of said chuck;

moving said end eftector along a second predefined calibration path;

detecting said second light beany when a sensor encounters satd second light

beam, said sensor being mouvnted to said end effector; and



5. The method of claim1 further conprising providing
said center of said chuck to a robot controller to
we@n@blgsisai d robot controller to calibrate sai BICBOSR008/087775
effector to said center of said chuck. 6. A nethod of
cl ai m techulithese @onpricsbrignapr dm‘a'a doing, said ecomimbiegivbrdinate data
beam such t hat sal(g{second | i 'g(fgr? i,s transnitted
POISTEPIRTIINE 08 ShMY LGPt %\*c’é“ ?‘*g HRSER at a
7. pn\%d@xﬂ%rmt@e Bl h@‘rtﬁﬂxtsv@@&w%r SR tRlatHRAGE AT AGR Bl cBabllr with
chuck; mnoving said end effector along a second
reﬂpcwfed@humhed awgrsmrmtmqsﬁng)a:ttmm.oh@t@t»re osggirgingecond
l'ight bea ant ..
peam 00l SuFg R ERRGoNGRRRURE Bl P RRE R el bean
from QNEERCAYEiNE @8 cRicknore coordi nate data points, said
one or nore coordi nate data points representing one or
nore defel rERssalt gl YrsERFaar eriufglh*tmw@awd 7od Ae@pigpiong a
% e ect I n I' o J. N
first pgﬁfdftgﬁucgr%lc!’%f"ﬁoﬂ ol b Q0 hﬁﬁ%% gg%ﬁésg Hg g@ligﬁg u\ St ?gs{ggﬁm@gmd
chuckpr ocessi ng system said systemconprising: a li ght

source, said |jght source c i gured for vi di.n
first PigReT rﬁé’élrﬁ’ﬁ%ﬁ?%féf”&“gﬁ’a PR biet CorL S RbEREals

said s& fn@m;u&rlmm sabgls hOROLALME NELIUned 1%, R r@Qe&@Lﬂd first
end effector alfong a first predefined calibration path
Hght isma‘mmhz@trmsmndmgr rst i ght beam t raver ses a surf ace of
said chuck: a sensor sensor. ¢ %F
recei vi‘hg S5SS8E UBH: “r‘&dffi’r&:‘tsé‘él‘L WYHen ‘ljﬁ g Bé?‘d’“éé)f
of refl ectedndii-ght s:fll IR SeRRIAGiBeHSRAL ROk @RSE or more
when said surface reflects said first |ight beam
disc m@umrtn@ v hfecwwrdrtbm &7 Proe éfsgqrm@mmr tre relaled tprlveessiagy
lﬁfﬂed‘é lwh 191@&' aer eg’rt%f\rxhgn sau?gxsaﬁ fig Lnr 1e95tn ef[‘!(_gl%l ?Zilég 8’§ e(gfx%;d chuck,
d| scont I nui timeﬁnmmethﬁaerm aair@céchﬂ@@teqmmsﬁs based on the three or
di scontinuities are related to three or nore refl ected
more fsghtingjtghaRy! ey Sad codnaksala 1R FeIrPgRED DB or more
.S, @ sai d chuck, determ ning three or
pmmbe&ﬁo*ﬂg%'g‘ﬁg)lfn‘gdgg‘g"at g&jm nts based on the three or nore
di scont i nui telespingay a:k,dnh;n @ésod chorkebasabmdihnalee datare
§g s re resentrng three or nore points on said edge
caorg ‘F“‘“s‘ Voo [lﬁck and determning a center of said chuck
g, basedyonmt e aH}‘ F&&hcPdin [W H & s:ﬁPQﬁl?UerI@E &fgﬁ‘ik@i B St 1o an end
~ The system of claim7 wheréin said I ght source is
effectondifingt cedet o shal andwhicetdr ta sanerem @sﬁd Bost behtdefinned

Fﬁg%g%%gﬁ? g‘larm TN IL%Iﬁfl %%Ei ?ru it SOUrce 1 E{gn%vlupu ro%u moumulta known
offset distance from an end effector defined center of said end effector for generating said
first hght beam,

10, The system of claim 7 wherein at least a portion of said sensor is implemented inside

a plasma processing chamber.

11, The system of clatm 7 wherein said three or more discontinuities are four or move
discontinuities,

12, A system of claim 7 firther comprising



9. The systemof claim7 wherein said |light source is
configured to be nounted a known of fset distance from
w@mpooeisgbief f ect or defined center of said end efP@DUS2008/087775

for generating said first |ight beam 10. The system
of cl abmechndtieheiourat fol pastdiag percbidhgefbesai shid exwsod lizht

s inmpl nted inside a plasna processipg.chanmper. 11.
bear e BT mF AT AR blog RO o B L Hbpar
predebBRRALERM {08 _szﬁﬁ.%p?&%’hﬁ@ée SRR @hgEontinuities. 12.

A systemof claim7 turther conprisinga second |ight

sour ce whereippaoy radiohgraissésomd iRingh totyearne sail dnd edoner along a
Se‘ml‘h i>9ehit ﬁrk‘)e(fa‘rg ig}%rt]ifyh%%{}ed to be transmtted parallel to an
secondh RS IUTH PACEYSP P8R o chuck at a predeterni ned hei ght
above ggiethtURPEF sl acerala bl RANUEKs coMRiRIdToS@drebting said
robot armjs also configured for noving said end
secong fighichegm whangidreasonaopras st sepnd dehbheat. syd segomd sensor
. . o ' ~Sal.d.sensor and a second sensor is
bk’l‘%?{goﬁé}l gﬁt?égagf)}?igg@g{gfiﬁ‘ﬁg said second |ight beam when
sai d sesid@rocendauntiensisaodiigeed fid rbiglifiy beany mead chordinate
second .sensor being nmounted to said end effector, and .
data peHItY SHA SRR SE NG ‘t‘ﬂ‘?g‘ﬂmi“g A EH PTG EREE FEOT PEED FefeHepns of
said sORRJ e Mf; coordi nate data points, said one or nore
coordinate data points representing one or nore
13, détwethpdhe afibsdhd a sedoaihdsitgntof be and effSitorehmi b tdarf grper
- _p\alf.i_ b‘F ating a verti qq[‘\fo‘sjit,i on .gf an ﬁnd effector
surfacP&f ACTYE 152 BRVTP BEF ST HeE b g RRICOIR Y] asma
processdiadiay 8 Hem beaa Sheatah 9dd GORDEdaRI B Sandth@ll BhRGeRBo said
| i ght beam suUch that said light beamis transnmitted
upperpaftady olsaidobyel o cuppdrersurddniciy hbewi Wikiusk sigiacy of said chuck;
Chuck: TG Lo e BT e SR B e P BB e
cal i br geeoihgpaithligldetaatitrg ssandr bhahhicbeid Wiabesn, said
sensor encounters said |ight beam said sensor being
sensOnpRing BQuBEd &afa epbel&xf®ett ; and recording one or
mor € .Ci)&%migg,g%&t 85 AeRAL R Se §-ﬁ’i\ ?eﬁ@?s&% offPhEmore coordinate data
coordi nate a polnts representing one or nore
pointdepessitopg onobr serdddiiagibhs beaid lidhkt bedihe met hod of claim

14, Ilﬁgx]; g}xréatﬁlgggi{qf%g%rail;%‘iun g‘gls%gsg%d%@gti Etzggxggg%}&xxf t?)éxgnside wall of

a proddQi N0 ARR Vs SRLE R RBLLBMHASHd AbpS Al fehbedid Bick for
generating said light beam 15. The method of claim13

generdtungtsast ligofpadisi ng nmounting at least a portion of a

]

is. lsgggtn?olt .gﬁi{g%gzlé’%sﬂ ?sdf“%x*t'ae{p c%?x%?i?{fgqgezﬂ}?ﬁg late ie[lsotrﬂ SRS 'talv ;_'95 1t

source inside a processing module for generating said light beam.
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