SYSTEMS AND METHODS FOR DYNAM C ALI GNVENT BEAM CALI BRATI ON BACKGROUND OF
THE | NVENTI ON [ 0001] I n the processing of sem conductor substrates (e.g.,

waf ers), plasma is often enployed. In plasm processing, the wafers are
processed using a plasma processing system which typically includes a
plurality of processing nodules. The substrate (e.g., wafer) is disposed on
a chuck inside a processing nodul e during plasma processing. [0002] 1 n order
to mve a wWa{Ry i ERNIPRETHODS pm@wwwmdmQ(,Wﬁrw:sm- typically
pl aced on an en effector and transferred onto the chuc The end effector
is a structural conponent confi g“uAeﬂBf{DU‘SQIDDOFtI ng the wafer during wafer
transfer. The end effector is t di sposed on a robot arm Fig. 1

shows a representative prBOfKar {g)‘é}iﬁ(é‘ TeEAOVENGE R or supportin.g a. wafer
104 duri QQL}(Wf er t[n%ﬂé{n%eébgf § debliddiil Ju?otr's%f(x%§ l@%s%swfer?‘) PRSHd 8Ra@f a robot

arm 106 i's alfso shown nera y speaki ng, during'a. wafer transfer
sequence, eottyed.obatasmamrockisimgt thapwiess s‘tihémé%dEdeﬁfi@@tiﬂﬂﬁﬂm@ pEsksEpstehe waf er
the end of TT BB EE e b b Al o B0 IR Le 4 S BSH Lh 2or
pr ocessi ngsplmduvhe chinkaugde @prdosying mocﬁthfedtpn@qmssm mgmfmdul e. The robot arm
bl aces tHEBT or o P FenBE bR Biotd B By M Bo I s 1o
ensure t ha;tmmly@ laned @r an @{ipff@@memm@pﬁm&m the hemleb';?hmﬁuttmq ieentrol | abl e
and repeat abl e ocess r s to.be red n the
huck  durt Agus| SERERH b Rbie g sprrr i b B FURECT T EoE0rT dBEFYY cent or ed
rel ative drectbhie nghuank dapded fiea wabeliml Ficorsheat hyepetatiaine: tbejuaéiid\le to the
end. effector, then the wafer would be correct Iy centered relative the
chuck wheN et e PBot PR it \ae%fs“{‘*ng' rRAPEIET B PRI AU MOV f or  nany

reasons, Ramm @k rlat & 1 o@,r@a]gjjgg“gsed below, this ideal scenario is rarely
t he case. [0005] Due to nachi ni Pﬁ? and/ or. manuf act uri nﬂ t ol erances between
je

the vari df "éorrpon%ﬁ‘t%“%fﬁi’%al“ré‘“ BB S STay epdsfrequencs: Tedobpbadh Bise t hat t he

center defd \ﬂﬁﬁl}e '@Ma &*&%rcﬁ&dp& &;%E %te( RS \{Jaféxesft(‘?rﬁ&e‘%gs%t?@e é’ﬁ%zéz;@ﬁ Osad effector
center" or the fector-defined center ".) 1s slightly offset relative

to the cehgepfeop p@ﬁ@!@ﬁameﬁm alfgioychie pbobarisrad! thevitioes thagvagerjathet | it is
possi bl e . e LLOES 1 H8 L S0d r correctly
R U A R S U i el
robot conwsitbisghe deerfisctommidahd Wdecoer de thybehd homplors ﬂvm der plheenent . | f

this end ﬁ{é@%&[{{ﬁ@*{gggm -aligninemis not conpensated for during

producti on “be inaccurately placed relative to the Chuck
center  [0004] In order 10 ensure that the wafer is processed properly (thereby ensuring

controtfable and repeatable process results), the wafer peeds to be centered on the chuck
during plasina processing. 1 the end effector is correctly centered relative o the chuck and
the wafer is correctly centered relative to the end effector, then the wafer would be corvectly
centered relative the chuck when the robot arm places the wafer on the chuck. However, for
many reasons, some of which are discussed belew, this ideal scenario is rarely the case.
[0003] Due to machining and/or manufacturing tolerances between the various
components of the processing chamber, it is possible that the center defined by the end
effector (herein referred to as the “end effector center™ or the “end effector-defined center )
is 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 grm position that the robot controller deems 0 be the correct
position for wafer placement. If this end effectorichuck mis-alignment is not compensated

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



during wafer processing In a co-pending patent. application entitled

" SYSTEMS AND METHODS FOR CALI BRATI NG END EFFECTOR ALI GNVENT | N A PLASMVA
PROCESSI NG SYSTEM " Attorney Docket Nuniberfiled on even date herewith by
the inventors herein and incorporated herein by reference, techniques have
been proposed to address this end effector/chuck tins-alignnent. Details
pertaining to techni ques discussed in the aforenentioned patent application
LSYSTEVS . WEEHCRRAECR. (< BRATH NG N FEERTR AL ANt PLASIA
PROCESSI NG SYSTE be revi ewe scu55| on A her el nbel ow.

[ 0006] Hov@elﬁéiHOD%Fé}R ¢ AﬁJhBRéﬁd\éT E‘sﬂt EEFI&@"ﬁOErAI. EosdINTENYA BLiAGE with

ol | grmont5oe hor B G S e et e bREP LA AR EREy r osui 1

in wafer/ &t&q{élﬁx\'ﬂz%\, Ahd i GAFRRS ndHh &ﬁlﬂ\n%xﬁgﬁfég !18@31 b-l;r}@f%;e'n&a b fif &% 8Rte _
production wafers hay be positioned on the end fector differently. If die

end ef f edror prepeitéio addreprofisgod ?fé‘c:miynmk r&%@ﬁbusln@htwﬁm pyﬁfé@mwf@ h the

center of th t ) uring
product i o?‘l‘”h“l”‘h“€~ Hf‘*’%“‘é’é‘\s{% ﬁ‘é\?‘g%”tuﬁ%h(dﬁdtpﬁk éf‘&‘}ﬂ “f‘?ﬁ%t%?kélé\ Ig correctly
al i gned wikiTHCeS ¢lrRck, x@.,QBRm;\*thg\wﬁrE@mRe;f\t.ﬁ:ctt\@mmsal.,x gn PEMAW | |
cause the water to be offhet relative to the chuck. when the end effector

deposi t s RHeCHAPBYC &Y YHEBVIC Huakbe tevigrason distusgion ['obovmbaloke the end
effector/ k m sall n Q t.en nt error
for all v@g&sz in goﬁig\r}gﬁe &’r'gg:hé’s? nfgnn%m\{\!{}(ff ’1“%"- '§|g§6&§¥ hg%%e@“% i?re\e\c?;'%&error

ari ses f riomechacidr zmﬂﬂpmﬁmc tmke“t:camesonamdﬂnmbxem) cladri hmas wowher ssues, the
waf er | end- efchtor ng {}q gﬁ}/ vary FO tg [ {3{1 wafer. In
ot her word8 ™M EARH pY5dIE ’i‘“ﬁa\/\}éf“ VD éu%é’é‘is S ““t"ﬁm“ﬁdc’ "&f f ect or
di f f er ent¥iys isERetbiiiphglut fondi- i R e podifurkfien ﬂ‘k&ﬂﬁﬂf@mﬂﬁluﬁi@caf tiengl vy,
the solution,to address such end effectotlwaler, msa nt requires a
dynant o HBFOHEH SoMp Bro BHEF G ac oA LY PR Teie™8F P OPe S Bach

i ndi vi dualaf@fReikGhis QN fat et a&da&ﬁixkﬁ;ﬁahﬁiu@ﬂ@ elﬁ fiectaed, edatrcha@hpreoduct i on.
[0008] In the prior art the end effect orT\A/af er -al i gnment is addressed

usi ng a d‘;’}ﬁ&%%‘“ék’i“@‘ﬁh‘e‘ﬁtuﬁbai‘ﬁ“a%ﬁi“Bé}Eﬂ‘r hugy ‘dff}ﬁéﬁii“c"*%fkll GHFEREOUPA) beam
detecti Or}xéé/xﬁérﬁ(ﬁﬂ eaubd G@hdader IR @RS ENBDL B HuEk Bhed BSBKA dPRAWE) | ocated at
the entrance of the plasma processing nodul e door. As the wafer noves

t hrough tdseospibgeais op Wictaiugkhier pegtsidbei ng orthogonal to the wafer

transl atiggyp! ane)mi‘iﬂl@h@@m g@@&@uﬂiﬁn@aﬁjﬂmn@&o&hﬁ %Tuﬁﬂm@!@&ﬁfcsx the beam
and t hen resuned at e point where the wafer Is no | onger present, This
pattern oimmamwwgnmli wafemkn ¢ bopn mk@sxgé rerale swcabpradigopeiigropaisheam
pattern. n Joly ssary to
Dbt ai n = o) e bbbl YT e Laad0RR QRO RIRY B0 Sericha b e RGeS

gener at ediiwhesmt axawafng rmthhath prodeoior sefdy nognt ened, orh phdudig velifrestvor noves
Lg;(r)nuggt E e opm%l[eg mr;rg e e]glx Fﬁe&”B'adr;fl}‘ 9:*1\« Leslang?xgynccﬂfltggtﬁg? ﬁ‘qgg‘“fsg'ﬁ‘téh@e’ﬂg(p\dgea the
pattern, Aagoingdy, tvechasn mx&d»bex sabi atdrteﬁuuﬂ'heiu ebotigroomt reqlitsre can t hem
move t he obot arm by. the requi S|te
oFT ect or IUETEE SRR gignta PO err ol AP TR T T

r egar di ngeldyaniie call bgaemribeangudray. be found in, for exarrpl ed, issued US
Pat ent Nc[go q? 501054 and 6, 629, 053, incorporated her ei n y reference.

In the prior art, the end effector/wafer mis-alignment is Addressu[ using a

dynamic aligmment beam approach. A dvnamic alignment {DA) bearn detection system
typicatly employs two beams (i.e. laser beams) located at the entrance of the plasma
processing modale door. As the wafer moves through the DA beams (with the beams being
orthogonal to the wafer translation plane), the DA beams are broken as the wafer enters the
beam, and then resumed at the point where the wafer is no longer present. This pattern of

beam signal break-then-make generates a production DA beam pattern.



[ 0010] The process of obtaining a reference .DA beampattern is referred to
herein as DA beamcalibration. In order to calibrate the DA beans; it is
necessary then to acquire or obtain a DA beam calibration assenbly that

i ncludes a wafer correctly centered on the end effector and to nove that DA
beam cal i brati on assenbly through the DA beans so a. reference DA beam
pattern can be acquired. [0011]In the prior art; the DA beam cal i brati on

assenbl y rhgoopbt ai n@ﬂhyé\hﬂgn@alﬁ»ﬁﬂ%h%@&ﬁq ;siha%ks,u Mb&hs@\l Wbahesrcirber. The
di sk has ‘a downward protrudi ng flange tlh fits on a notch of the end

ef f ect or RAbem prsteript-ehthe Dok @ﬁmeﬁaﬁléfflfsébtmu&fecwlw Fvger dytis eyiesty he di sk
s fitt e%eﬁt@xe& be dﬁ%ﬁ@ ?ft&ftm L& ofcheh heat 9 Beautxsh'iﬁ L%R@bﬂ rﬂﬁﬁé AR pAL es a

correctly centere er wt respéct to end effe t he” conbi nati on of
si mul at edesmperstetia., dffteonentds obtiend fmvethdogtionhrenferbiyoh thareiicneed dhe

processi H%&%bé? ah@né‘; é:%?"nﬂh'be bbfGed Al e‘?% QL¥neRAL: hﬂkﬂﬁéﬂ{ xgmtehﬁe fRYEK

through Fder” 16 0btain & reference eam pattern.
[0012]Fbwmuesﬂuhhﬁﬂﬁ&&ﬁ@udnsadmankmgesnmnﬁhnmh@ﬁ@nm@ﬂh@mmmt@Ehglque of
using a %a SLo.create a.c for the

pur pose d?nc{ﬁb‘f‘g ivh Bmémlpg? g’l” 84 i yii Gg\é’é’\’?ﬁca’m 8‘?1}2% )q m;%@bﬁ%[?p%)( ttaching a
physi cal eﬂﬁﬁ;ﬂ&hllﬁa&d T'$ thturttek(ss&l&(bﬂ (&s ghihe, ommfr ﬂmsmui iﬁidllﬂgﬂdb@ﬂé?tfﬁﬁ}ﬂb t he end
ef fect or poten ally d nd e itionally,
if this ég(?%ﬂ)r ati oﬁl“l @"‘d‘éﬁ‘%ﬁ?g“‘l‘ fe® 14 ‘é?‘&‘%{f\t %‘r‘(‘”gbxﬁbmﬁ? iR & I<‘:"I‘%§ *have been
execut ed DA béhecPHRGES Sinngddrmdediievstd he Dpl ineegent n&f&sﬁnphgliﬁﬂo@x@d;un@ror
mechani cal Fixture, on _the end effector Pa ?use d 0S| t e vrti | es on or
near the 9BHEP BPAGEIBCABIFPARE TR AFHESUGeR 8 Wi CsETR HBEITEME B i ng t he

subsequentfahofeIs g GYCHE Deard HADrARELECHEE (OB tht Dlaehpak bt €1 e
contam natjon, which is undesirable. [0013] Additionally, because the

cal i br at iteffrepes Ba beyy ﬁ%&”&f“‘%n‘b@b’ﬁérl c pressure, the prior art calibration

t echni quq@m¥ not gfifiestdrval ﬁﬁe Wkéaﬁ?&zﬁb&h&x zﬁ%@lﬁlx%ﬁuﬁeh%n&%l st during
production his is because during gro uction, conmponents of the processing

nodul e me§orisetepigsedighnder! axraéer@iﬁx h‘u%zrswwrdé\\éwmm@lt@mﬁb*ﬁéh% 9 shift
due to the dllheraR e'n@lﬁ &{),Q&@%U{&gr%&%s&ﬁéﬂmé}wmemvmem@@&f\ and the

anbi ent at nosphere. . Since ation conditions do not faithfully
dupl i cat es fithel tp tiedwthiob thecohdiftdont|s capbunttresivalzich r aviresty nenyerabwalse

BFZi'egLﬁ £ é} n.spu?t 18 ailtd d&fc%Eo L O 1( m?x%‘?n z?xmlt 3t snﬂgﬁ&q Ig@ik?%%‘g;‘?g%gﬁ Efalbigxe: dfgg:] d an
i ncrease by mhdlhmtparzmiue the rpeapce&*kumW@MheMmW im, tafcetorySraMARYrdaRe ¢INVENTI ON
through the DA beams in order (o obiain a reference DA beam pattern.
[o012] However, there are disadvantages with the prior art technique of using 4
water-simulating disk to ¢reate a calibration assembly for the purpose of obtaining a
reference DA beam pattern. First of all, attaching a physical mechanieal fixture {such as the
wafer-simulating disk) on the end effector may potentially damage the end effector.
Additionally, if this calibration is done iu the field after some plasma eyceles
have been executed in the processing module, the placement of a physical or mechanical
fixture on the end effector may cause deposited particles on or near the end effector to flake
off nto the processing module. During the subsequent processing cyeles, such particles
constitute particle contammation, which s undesirable.
[0013] Additionally, becguse the calibration is performed at atmospheric pressure, the
prior art calibration technigue may not effectively duplicate the conditions that exist during
production. This is because during production, components of the processing module may be
placed under vacuum, causing one or more components to shift due to the differential in

pressures between the vacuum epvironment awd the ambient atmosphere. Since the
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[0014] The invention relates, in an enbodinent, a nethod. for perform ng DA
(-Dynam c Alignnment) beamcalibration in a plasm processing system The
met hod i ncluding acquiring a positional difference, the positional
difference is acquired using an optical imging approach. The optical

i magi ng approach conprising of positioning the wafer on the end effector,
taking a still image of the wafer on the end effector, processing the stil

i mage to Lalﬁsieig& fpid Lloﬁs L‘Rﬁﬂ)tl ?‘I}ih@j by tdnﬁm fgééu@\ﬂgtx@ipu&l@gmﬁi h&Ghqs - defi ned

center define fector, term ni ng the positional
differ enccelhbrettmeem mhéw perythér ¥bfhetchlé>= m?ﬁerma%db mpesugsied ine¢duenst wrledef | ned

cent er lﬁ&ﬁgm ch Bhg;oﬁ{‘c%ﬁf a%?)}gaﬁ" a-lt_ihx% tH‘H&J‘a&cﬂkéB dhé‘iﬁ :HQ%%e%?ﬂEer' ng a

waf er w t ect or npensatin positional
differ enc;eocbjetmmnoztslne ‘ondidfimre rard t he end effect or vvlth robot novement

conpensati on. The met hod i ncl . fer and the end effector
t hrough DA beans associ at ed vﬁqﬁolg\i{ﬂaslfs%%&gg%ﬁl ng. nodul e. The met hod

al so i nclwdey obt airht ﬁrgeramheélawnmex dofvobimen, patdiexdolperioeaiog hisng a

ol s AN R R R e ey

[ 0015] Theaugﬂﬁ\ij@a §bﬂdﬂ EE&lﬁh yd 1ff&k@dce$k b&;@ﬁﬂayuﬂ{'\endgfza qu;rmmemﬁpddment S ?f L he
i nvention disclose rein is not jntende m t e scope of the
i nvent i on™M*HE ARPIPEhg Be ‘ﬁ’Ht"ﬁ FPSi0g $RRIQREt, FqTRpT ﬁ%l#é’}* H""”“Fﬁ‘é@é 1‘a?1t‘.f“o‘f’ﬁ§%

feat ures @ etlioDLREGNALI MMERIWIFAR WitllonliR GlesathfieptolisitPme saetmddk thel ow in
the detailed description of the invention and in conjunction with the

fol | ow nga“FqT@H‘r‘B‘éCL‘I‘BRPBb"’ spiEser] m ORierorriab npRNeRed e 0L B TR present

i nventi Onuffestol, |ah&'§étéxﬁkﬁgg9bé phaoaf dx%’é}%ﬂ@ 1Rew éﬂ%eﬂ,@ﬁtepé? tM\@‘)(ai@J anklighd tation,
in the figures of the actonpanying draw ngs and in which ke reference

nuner al s qﬂéfueﬁcnprodoéwnd Mifﬂfé?fewéﬁt’ eaad etferiothiTenmeod aiyg W@*degfhtwssa a
represent @{fh x%ﬂflfek&l&t @%h e&ﬂ@he‘%{o‘} SGE&&;»&QJM&‘RQ%%%&Q« Bllm)%l.é &—ﬁm%rtl‘;ﬂg waf er

transfer. shows, | n accor danc an enbodi nent
present seHeratlile mépﬁecsem it iobet xmfwazemlkasmlsm@xcé“éls mngwéy@eﬁm | | ust rating

a top vi e¥V Qe A q?&%&d {fte BQA éf‘f {& al; m%,;ﬂ rPPhLGA! MSW% R GENL$LLAY system for
enabl i ng he'treation or simulation of a correct centered waf er/ end
ef f ect or asseviy podde. Dk rixelm dal indndes pmmnpumpeéesw DA beam pattern by
recording a break-and-make pattern of the DA beams. The break-and-make pattern oceurring
as the wafer and the end effector move through the DA beams.
[6013] The above sunmary relates to only one of the many embodiments of the
invention disclosed herein and is not imended o limit the scope of the invention, which is set
forth in the clgims herein, These and other features of the present invention will be described
m more detail below in the detailed description of the invention and i conjunction with the
following figures.
BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The present invention is llustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and in which:
[6017] Fig. 1 shows a representative priov ast end effector for supporting a waler
during wafer transfer.
[O018] Fig. 2 shows, in accordance with an embodiment of the present mvention,
schematic representation of 4 plasma processing system illustrating a top view of at least a
portion of an optical wafer-centering system for enabling the creatton or simulation of a

correctly centered water/end effector assembly for DA beam calibration purposes.
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[0019] Fig. 3 shows, in accordance with an enbodi ment of the present
invention, a illustrative flow chart of the steps for creating or
sinmulating a centered wafer relative to the cud effector-defined center
using an optical wafer-centering technique in order to facilitate DA beam
calibration. (0020)Fig. Al of D scussion A shows a representative prior art
end efteclor for supporting a wafer during wafer transfer. [0021]Fig. A2 of
Di scussi oo fyShovis gl i AEEOTARAGS MG WnaR e&u{&gﬁke&%@me fesk R EELR!

i nvention, a'schemati ¢ representation of asnma pro eSS|ng system

il lustrat ﬂingrda\ct tpv vievet dfe satps Feasbiiag <p@nml11@W<f@fwa¢rn'd rabi talatoptd bal . end
fggggi CF’Ir & gb&&l %?%@éé% J?U%n& {t‘h@% *%\.d?tl k@xﬁer‘il O,r‘%eg%ﬂ wg[%o‘?%% %ﬂ éénéﬁ of
t he presematxmveﬁﬂmﬂmn an |IIustrat|ve flom1ehart for the in-situ optlca

end effec callb ation.pet hod. TAI LED DE

0023] The i sent FiANe! BRAGRER ARG Do RSP TBEd P OE AT T Ui Eh 1 ef er ence
to a femlﬁmbﬁdmnﬁﬂﬁﬁx@hmg@&ﬁﬂaﬁwﬁhlustrated in the acconpanying draw ngs.
in the fol|l ng d?SCFIptIOﬂ NUMEr ouUs speC|£|c details are se{ forth in

order to @PDUlde 2 BnOF SUGHE RS PURG RGO R Ik BLRONRRALAL PO, 1t wil |

he appar efttsentiQVRVEH, stl&nﬁﬂ@xo@lﬂwdtﬁﬁn oha blaen@rbeestif@dysic-haliptageni wbnvent i on
may be practiced without some or of these specific detail I'n ot her

i nst ancesYeval 3t 4G ‘ﬁ?‘dlfé% gy ’t“é’pliﬁ“’éﬁ%ﬁ Hreckf Fﬂ‘@fh’f’%s\"’ﬁé?/@“ It aigEn
descri bedpk Bydgtetiol inlduor der to not unnecessarily obscure the present

i nventi on, £0024]v ri ous enbodi nents are descri bed herein bel ow, including
met hods a[ﬁ Fig. A3 of Discussion A shows, in accordance with an embodiment of the

present vention, an illustrative flow chart for the in-situ optical end effector calibration

method.
DETAILED DESCRIPTION OF EMBODIMENTS
[6023] The present invention will now be desenbed in derail with reference to a few

embodiments thereof as iltustrated in the accompanying drawings. In the following
description, numerous specific details are set forth n order to provide a thorough
understanding of the present invention. 1t will be apparent, however, to one skilied i the ast,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described o detail
tn order o not unuecessarily obscuwe the present invention,

[0024] Various embodiments are described herein below, including methods and
techaiques. It should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
nstructions for carrying out embodiments of the inventive technique are stored. The
computer readable medium may include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing computer readable
code. Further, the invention may also cover apparatuses for practicing embodiments of the
mvention. Such apparatus may include circuits, dedicated andfor programumable, to carry out
tasks pertaiming to embodimenis of the invention, Exanwples of such apparatus mclade a
general-purpose computer and/or a dedicated computing device when appropnately
programmed and may include g combination of a computer/computing device and
dedicated/progranumable circuits adapted for the vartous tasks pertaining to embodiments of

the invention.



techni ques. It should be kept in mnd that the invention m ght also cover
articles of manufacture that includes a conputer readable nmedi um on which
conput er -readabl e i nstructions for carrying out enbodi nents of the
inventive technique are stored. The conputer readabl e nmedi um may incl ude,
for exanple, sem conductor, nagnetic, optomagnetic; optical, or other fornms
of conputer readable nmediumfor storing conputer readable code. Further,

the invenphon my aLBoLLEMEE! APRAEALHIASe tPheBs ARG Q;B;ﬂﬁlmﬁf‘{@&% mamis of the
i nvention, Such apparatus may include circuits, dedicated and

pr ogr ammeBi desmm eulibmting asembly Aeidse pEpesaphealibratiog Sabuidrmes db&mlmé

| VNt ONpeg ARG &@9&%&%% RALAH B AAE R R0 BLIBN LRRP RIAQEPLL T
and/or a I cat e evi ce \/\}hen appropriately progranmed and may

i ncl ude amcc%mbﬂ n&tqt(omofohi Eedmmrpuuiénwmmwmbhgs tlewiatal vaimg the robot arm

dedi cat ed/ e rtaining to
enbodi ment 38\ qurﬁf\mlag emaq H} l{n réf%‘%@@f%ﬂ%é@%ﬁéﬁ? gly%? fepﬁém% %@%%ﬁlg%n relate to
met hods a@ﬂo;amp}avaahusnrﬁzono mmead 15mgxpha»@lﬁtobkamxmamebn@tmm cmmnﬂnl y for the
purpose of cali bratin 1 embodi nent,
the wat hr's®&HE &Y ,“}?d(’b‘{? &‘&‘ﬁ?‘ﬁé’ﬂ’é’h‘i““‘(g ’ tf‘h‘é“%% {T‘g’g %ﬂegﬂl et Al m% Fat :?;I\;e to the
end ef f ecioamposafing ethDhcbeam:abdiidornatvaga asxs&nhlbms.nsbcs nmmhm mnuushcng t he

r obot armﬂo ment to cor’rPe fateforl |ncorrectl ﬁg cal i bration
waf er on & BAGEEFELPYFEC ARCDP eEr ‘waf e iﬁ&%’h&*é‘? ‘ém‘ ’Lm1 §%i s enpl oyed
to deternipnms|t he agBente AHEQNKHEGE haked BQUEGEgicholingo tabpdnsat fortie
conpensate for the i ncorrect, end effector/wafer, ali még% :gy conpensati ng
for the i'REBIFERE BHEOEIFEAISHPIMANBIEEPTETEIR Qg S BEP SR novenent

the eff eG{for@xfnelﬁxoﬁéH('Sﬁi@ﬁi|vb’mﬁQ@ﬁt@:ﬁ@dmé‘\!ﬁ&@rth@ﬂ:s@ﬂmﬁﬂd lﬁfuﬁ@@m@ﬁmﬂv%s@ﬁﬂﬁl\)eved

t hrough sinul ation, [0026] Once the robot arm has noved by a requisite
anount td"t‘:‘o@?ﬁé‘ﬁéétﬂémfﬁrﬁ’*t e betierbet BhdesErd BETEIF kY P nent  (using
conpensat A QindalAst @Q:QWOB Bols D A h i RERLEPRMkARSh ARk vERlout the

waf er -centering nmethod), the resultant DA beam calibrating assenbly may he
moved t hrisedhf € hechpacH daiee teq. otferisimlainadid) peeibanehe dse epogséam pat t er n.
Advant ageaus| i STRRCHIE Db NGbANGIEAARCN eve DA beam cal ibrati on

wi t hout the need of a mechanical TiXxture g., wafer-simulating disk) or
suf f eri ngblvg di sadvamtoagleg agwduicatsed theiistentitte ap ppton! welkr-@atebegam

Cal I br atl Oq}tlg 1915 f;m )|O) LL PO Lg,zlﬂﬂﬂ}i,?hie[ﬂ(_ﬁﬂ(m T%L E{IHV?LQI {T%rﬁt? Q.f ﬂti g%ft nventl on, an
optical wa tar eter e the | ocation of
the cali bmaﬁw)@ﬁ x‘cwdi'ebw@u !Qbmnmﬁedmfs.eﬂ t%em:pi eiitembxfcbhzlmcbtearh»@athabﬁlat| on)
relative 1& qd ef fect or-defi § L[\Io td em ﬂ] m}ﬁl!}lt b{hgtl on

waf er may™® té‘}‘ﬂ“@‘ EHE" TR CHETBE A f(}é\m er R APRYY STSTSUES AT TS sinil ar
t o t he wab@es upsiad plotugived kit bptﬁml Whiksc mmzmg @kx mﬁoarckxme raitmrtln mgmmksc ess
produces ﬂa;g?g t hat enabl es %he ro o&}t contr ol r’rp § bot arm by a
requi si t ¢ aISOHONEY CAH] TRTE HORPARY Y HEFINLE \ﬂ@@?f‘t r‘hé ekt (IWBPéP Hh waf er
center angutde iendighdech Q6 et fKl.thd &RA28&kder @ARr.0r nore enbodi nents of the
invention, at least a still imge is taken of at | east gw?or'glon of, the

cal i bratilBfSlaf er Hraear MPEsRboR gl G IBYentivfe dbliest aFyL e o he

cal i brat i g.wafRkichSf eSS R 0N had endised paELO6F thd hel Endielihacheor is
provided with one ore nore visual indicators that enable a processing unit

to det er miehratigy et hdiseased pu ihaaybetfogioan The ¢ cHggoes PRI “d‘é‘ﬁf’hé‘d center.

I'n one or.,qRLe.2HRAdENER:SnRble b REEAMEN: QdetdriCREn ol BliRRpd Bkdar OVi ded
with a scribe line (or any reference mark that tbrms an arc Zf a C|rcle)

The scri bbe bidpdiepier-pdBied Pomsdirometoh mwerdntetifresstsor teygrentipiadthesndt i 11 i mage
may be t aj?@ﬁm?if Eduﬁ(%vr hblexmikﬂﬁm?\{re’@\ sz r@nc\/\@rﬁ(ﬁﬁ 121:\? to@%ﬁ RPELs QR tl@e end

ef f ect or e I'ineon e en ec or I's configure In an
enbodi nmenthe \tlmbubeu atmcamn@fonahtunbﬁesmt fieh deht eil pfagahiag he téemefitkes wi t h

t he end ef f ect or - def.i ne ter. elt.Al n| h nter of
il AP Dk $EREBleq or 1ht. 11 d gam s[éx eiﬂ‘t & %& xi u&&
the circl&" ‘f Wi eh” e SCI’IB&| S part nd e - defined
cent er maychdigdetienmh naboditent, to be an arc 0)‘ & un}e tba ucmu" oi w hu,_h \om\,:dc» w xth
the end effector-defined center. By ascertaining 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.
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[ 0029] The wafer simlarly has one ore nore visual features (such as the
generally circular outline of the wafer periphery) to enable the processing
unit to determine the center of the water. As in the case with the end
effector, one or nore visual indicators may alternatively or additionally
be provided for the calibration wafer to allow the processing unit to nore
efficiently ascertain the center of the wafer. in a preferred enbodi nent,
however, mpi@outer: iﬂ?@xﬂ@ﬂ%ﬁﬁazgf hat B M’@tx@;’iehitﬁﬂez{u?&n§ih hubhegeRily a desi r ed
vi sual |nd| cator. he waf'er center and the end effector center are
det er nmi nedretyr Qlﬁ@tpﬁ %e’s‘éﬂil myrighersd fo erabledltd pregesying wut ¥0tdhfé‘ migeihe seytehet ween
these ! W aBUALS TLue BBy LOGHLEERR! 8l hdte SREAMINGudOREE are at | east
two techniques to correct effector msalignnent he first
techni q uetltusmlph'yssm cddlitiomly éc prcwnkd Rivylsi @librator waet ooHow heguesnphd wiled by
novi ng t t i f.e t hen
pl aced ohgf"n’mfﬁ T%’gﬁ' a%e;t%ﬂ?%en anaoiiﬁ %a{%ﬁ ﬂaggﬂ%}ig%éﬁﬁ%v}g%? }\A@mg}cfhiffector
by a di stoam:gerqﬁteﬂ}toathet\mfmoaselecmmﬁmres bl aa’feh&ét\mﬁ:@umﬂcﬁg« t(}nee cipth&al

waf er - cent erl ng | met Qng ,.1.T.he,.- e}nd‘aﬁf_fa_ec,t or, ttgﬁen0 IN ;mP 0 1 I, again for
optical anafy¥) %‘e‘ﬁ'f CEFFRCENCLTR ATETEAT Pepod “"E)”ﬁ““l“L #i5e fer on the end
effector el elrehorceithse ﬁhﬁ,mmeﬁesammwdbe perforrred |terat| vely until the
waf er E@g)nd to have cent‘g satisfactoril RSN he end.

[ 0031] Thé ¢ond t HEHHI YR BEET BE A ISRAY L ECIIRHET FOTEF A g‘éiménrrent i's
to nove tdiRciboBRA Rt W G @fchugighd ?d@h%xdm&ﬁémﬂidhe randoetdeetion isand waf er
assenbly, by the error correction vector, bas on data geterm ned by the
opti cal v("}étﬁ‘‘é’r‘f‘l‘é:}é‘ﬁ‘tbér”‘i“ﬁ(y““’p‘?“o‘c‘é’sﬂéf"‘“‘*l”rﬁ““éI ‘h’(f?/‘éﬁéﬁf’m’ﬁ‘*r?ﬁ‘?‘&?e he ey i “L‘)A beans,

t he waf er,Reg b ite Rolihdtatibe akahéibhatdbenanehefes MRWL A efav s eatpiRE had the
cali brat| on waf er been correctly centered on the end effeCtor"After, such

correct i oHelt Fecaregt 16T e effen fonar &y Hes ol Mo wa BB (ES09h the DA

beans (pre@ffe&f}ratmﬂy i 1 R FALBkid fbf‘ﬁ)ﬂuﬂ%u@i‘%ﬁw herthe, e@‘@.k ﬁﬁﬁlptkﬁfaﬁfnence DA
beans. [0032] The Teatures and "advant a?es of the invention may be better

under st och wilthor the erdeafteetor i petfernfed gdPeBroassd May Se ne§irend “‘E’HE&WW witil ow.
[ 0033] AU, 2, $00MFsninlt By l@&gQ&gégggmg\ﬁs&nn@%nw%8@'%1‘@?{9; of the present

invention, a schena tic representation of a asma processing system 220
il lustrat Dtmg a topTiw @wzﬁﬁe@txiqhe@s:torractpo’retfw@nd@ffecacrr rmpahgoazbmwaﬁ)ewcent ering

system f 31’1@ xfoP:at a{m sghz Ibgff L{l”»ﬁ. % h}%\. B%x%gf{dw}ea&)l %ﬂl Qihf:lal%*%ﬂﬁ ye% IX X’;r‘)pt er ed

waf ert en eam cal | {i'on
Fig. 2, tdaec@qotmc&asbr twafcenmaem&emmgd Bym@mwaﬂmbiﬁde@lkam @mit&f fléot or 202

havi ng t hereon a. | e of

Fro. 3, reanoarun iy aRPA s gl o BfEbny B e dtid Ll SRR U

coi nci deSth schagibeheingk eafh‘bexﬁbmmﬁefaéonedrraelmueﬂsrerc{{ 66)84]&56 gifec@raldder shows a
the calibrati to create the

Fef or encaU BEG P PO HIcC PR Rt CHP AR et A7 Rl BRaR T
{preferably in a straight line) to acquire the desired reference DA beams.
[0032] The features and advaniages of the invention may be better understood with
reference to the figures and discussions that follow,
[0033] Fig. 2 shows, in accordance with an embodiment of the present jnvention, a
schematic representation of a plasma processing system 220 iflustrating a top view of at feast
a portion of an optical wafer-centering system for enabling the creation or simolation of a
correctly centered wafer/end effector assembly for DA beam calibration purposes. As seen in
Fig. 2. the optical wafer-centering svstemt includes an end effector 202 having thereon a
seribe mark 204, The scribe mark 204, in the example of Fig. 2, 15 an arc representing a

portion of a ¢irele, the center of which coiucides with the end effector-defined conter.

[0034] Fig. 2 also shows a wafer 208, representing the calibrating wafer to be
emploved to create the reference DA beam pattern. The optical wafer-centering system is
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configured to determ ne, using an optical method, the center of the wafer
and the end. effector-defined center in order to performactual centering
of the wafer on the end effector or to sinulate a correctly centered wafer
on the end effector for DA beam calibration purposes. [0035]During optical
waf er centering, an inmage acquisition device 250 (e.g., a canera di sposed

above end effector 202 and wafer 206) may take at |least a still imge of
end eff e(\tto%m%&izn ok l@ﬁﬁlﬂg'zﬁgg 2y 3 Bbl izg?té& %Q‘Eem@ﬂ@ tﬂj \,\M@J f‘nﬁ #%Qfq - Note that a
portion of en fec tor dén under waf er it the stil

i mage 8 tedketnr-fiutiom! osnesr reaiderftp @qunmmhanandg pfftht epkr @zr ﬁ*amy&fbmor or

| rrespecty, s@;{ur_ﬁtct a % ItCW?&}Ec@\{%%%%T&@% Pt for Bl 1RGH églgo %‘Fc%:}m%géub €

captured I'n rocessi ng unit xanpl e,
i ncl uded [P#B5] ogi c BndmianQSyﬁﬂaymaMLEMImwwee@mﬁummckwthéﬂﬁpgcbe that is

f db h
or e O%’La{nﬁ TR, (F %é)oselil agm }d eﬁ Ff‘my)ﬂ m(y\@ afext magfﬂxw%zliﬁ? 5 %t ilom}a% %%”i‘g”e the

center Tepresents

Li kewi se,efﬁattecﬂszsinlgdmnh&n&%ﬂ(E@r mxeaﬂmita 206 nls.bmdlmlaqmmkmgf mdmﬁﬁube 208)
may be ah|e to.r nstr ct ci.rcl e, of cribe |ine 204‘i§_a art of
T wer 1 o8 ot PR W L b o Bt TR B S L Fpdpdapga” P

- I epr esenfu@y ehs dri@gededdylrtbasiaget, @iy dpertdil Zhat fOOBKJaRiog serde alugo2(Riews an end
effector center 214, representing the end e tiectors defined center 202 as

det er mi né@PHFdeht 55 PEI%ENt | oned processing unit. The delta 216 (i.e. the

cal cul at gdoadi| f f er eAGRodetsam W22k (BEMBhl2 M Bnskiehbaat eos)aenter 214) is
then generated. This delta 216, representing the correctiaon fhetor enpl oyed

by the roﬂﬂsbtw&ﬁﬁﬁlsewﬁbwuﬂ%@ﬂfdﬁﬁﬂﬁ?f&*ﬁx BR cifafR PR eI dPe sntelpdisi ti on

(whi ch i 5o hfteRtiREHE kéﬁﬁ&%’f‘ﬂﬁf 8!%1&(%'11% ré’;ﬁfeﬁreﬁts tiheepBh i%foft QGk@nde)t 0 the
position that the correctl Ly centered calibration wafer would have occupi ed.

[ 9038] i n Igkevére. woeesing opie 624 Horexewpledeglidd ip bgivgardulpn 28 heay bbdle @rm t he

waf er di %9&%@“&9‘,&&@0?@%@1:& BEHAL *OM sk @99@%emoisruh@et@@ml@qmn&enoﬁ he same
way that a warer correct| y centered the end effector woul d appear. By

r ecor di nghatlyeclpr Ehik < mﬂ@ﬁﬂﬁk@@ﬂ&dveﬁas”bfd@ﬁei@ﬁhbéans a reference DA beam
pat tern g@d ﬁe Obt ﬁl’”nedﬁ‘wOAﬁ()\‘:\ ance'ﬂﬁ %m((ﬂ CQ1'}1§I P{igf 1%{)1%969}@?\9&6 quggﬁgg)q‘“t ern rray
uri eam pattern

be used g prodoction to conpare against the' produttion
(i.e., t hkﬁﬁ)iél deean2(Fats tdeterm inetiey t@waorraxepnmt&d@taeaﬁxxmmaer Yhy ¢el tdéﬁ@fim ne the

armunt of corr ct i 0 / uring
product i Olﬁ \Fc(ygaétgll %fétié}l;{ﬁ oM R lng(]; ag CT a té) gtcli bft} agm‘r«_ zluﬁér?ﬂgilh%mn ‘bnu ma"{rjm may
MOW t he "cldlid (ﬁﬁtam@m&,mﬁfﬁmgt{m @rieohoi mcgmsmaﬂma boﬁmhoibmltmlgtqm@e thce the
calibratioggmafer. s gos ited on.the Eat on .or : % @lg, t he
robot  ar i RHJHOVES, H%“ R BRSSP %&vde H’é‘“ﬁ ST AT é‘ci?‘f‘éé‘fl% "Yect or

(obt ai nedsfiditoi) Rtik hesiopt deahe Nmfeem@mtgelrmnmmrmeﬁﬁs}cnu@mepasmuon t he end
effector relative to the cal i bration wafer. g&o ess of

anal yzi ng" 81 of f sBrher fipgisr a8 Lt PURERY: ‘E’ﬁ@ ‘%‘H’eéﬁd‘ f ect or

be per f orgi@dsddtoR it dov ke Wil aphdd@ soNBE BIA HeBims GERE %}Qd»\ﬁrkh&th&'@ﬁd effect or
satisfactorily. The resultant calibration fixture (i , a correctly

cent er ed REFER cereicen dRerdreFaseorould anpen Sy renvlies b ‘"’tﬁék*é'kf{"&r% t he
ref er ence,,[A, o8 PAlERD al:BrefN& FRMRGH pRkSEHAP 8RR &Ls discussed, this

reference DA beam pattern may be used during production o compare against the production
DA beam pattern (i.e., the DA beam pattern made with a production water) to determine the
amount of robot arm correction required for that prodoction water during production.
[6039] Alteratively, as discussed earlier, the robot arm may move the calibration
water 10 a holding station or holding jig. Once the calibration wafer is deposited on the

~ holding station or holding jig, the robot arm may move the end effector by the positional
correction vector {obtained during the optical wafer-centering process) to reposition the end
effector relative to the calibration wafer. The process of imaging, anatyzing for offsets, and

repositioning the wafer on the end effector may be performed iteratively unul the wafer 13
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[ 0040] I n an enbodi nent, the optical wafer-centering system may be perforned
in- situ (e.g.., using a canera and/or |ens arrangenent that can obtain a
still image while the wafer and. the end effector are disposed inside the
processing nodule). in the sane or in an alternate enbodi nent, the
processing nodule is placed under conditions that substantially approxi mte
the production conditions. Although not absolutely necessary, in-situ

opti cal [or. DN 1.0 geously
al | oves C\é\%[ug{edqg% 7% ggecgd;ga%tm{au} ii}lé Sul tB}??'mb?ﬁm a*?&t’%ﬁé(‘? Q d??eft é‘
substantuah&yagmﬁnbamKhmdthemprmdum&nmhgebmd%mmdhsﬁimherébybmedwmmmg
centerin hexﬂ d errors @ d/or calibration-related errors. [0041] Once the
still |na&e g‘??k&ﬁ Ph: € the assenbly that includes the calibration
wat er andeuhe end ef&ﬂﬁﬁ@ﬂmkSInempvemW%kedmmihgspm@messbﬂgfﬁmdule- Any
desired correction nma be made to a torl wal er

t her
si ns- alldﬁﬁéﬁ% USAR %W%Fﬁ%mQSP?%%?{W “?%“ﬁﬁd@“O ﬁ%“hi%éﬁﬁﬁSMQkﬁ ®incl udes

the cal i byabi 00 meheerand dtdhBsRRd iefidatt Pocdssing RbEQEU AL theisiboot han
proceSS|n9 nodul e agai n through the DA beans in roduc fﬁ@ desi red
gz

ref er ence? temabéa’ﬂ?vﬁawewﬁ vrf[ceew@r‘mu&ﬁb&*ﬁéf uptH 6 i%}% sptaidal

waf er - cenjpgfokghid @6 BRIIGHR TBWIRA:s PRI ARG @Ltth%LlQQm&fsbaﬁ\h en-Fh0gASAI ng
modul e. Once the still image is taken and analyzed and any necessary

correctldﬁ“ﬂéﬁwad@;w@he“b§Wﬁ%?B%thm§§§@h§hyn$$%ﬁ“}fﬂ&“@dé%“ﬁ%é“@é?lbratlon

waf er an%m%m%ﬂ@l b8 hEREERH i SndiNbfQobeed i QiNE 1RTRASGRIGNGnImEY € again
t hrough the D. A beans to produce the desired DA beanlpattern [0043]Fig, 3

shows, |ﬁhadddﬁdaﬁée&WF@%?@W“@Wﬁ@dMﬁéﬁth%$lWh@“ﬁﬁ%@éﬁ%“|nventlon a
i11ustratiyg,flow ?)E@er the &(;ﬁlf ‘E]h@mﬂl\%ﬁ’ RiTels thQQ"q@r’hb!@ghq‘?(ncﬁJdQ%'h@Hlﬂ%n%nCe”t ered

wafer relative to the en tor d med center “using an opti cal
mafer-cen&%whmgﬂuem&nﬂqmetﬁmﬂmrﬁewmndwﬁmem%ﬂwawemewbeaNVGéhﬂ%ﬁ&@hon The

met hod Wisﬁﬁe;ﬁ% 1 129({3 q?ga?%!t i(tl e tql)s%w%'(g}’ W ﬁtex IlI Szﬁ n&@eﬁ\ﬁér ’(Hpéoeflegtf_lltmt he

conponent's “di Scus exa ep 302,
a waf er |xsnplkadedis@mbtyhéatemdizdei frectigratBuchithad tha esd effdctar nmrgeedmatl udi ng

one or nore Vvisual |nd“§§tors ’”bﬁ@?nb ef f ctor @H ne ,or . nore (lsual

i ndi cat or'™8f thetgﬁgs,eo\ﬁlf 1o agnly %Zfﬁ]n ngduce cmm} 1{:£€Telnce Ir)ra e is

t aken of Hehe pamsneffector, the one ore nore V|sual |nd|cators on the end
effector, 6 t he pafer |nltg na \ner di scussed 'Qxc nnectloE with Fig.
[0045] i n'[8¥Ep 306, " WAGE TRrOCRRLE N PEURGE CEREH LG GEEEMH 8 the one or
nore Vi sg Rbfonidl GRIRIE 8R pt“{ﬁebkﬂﬁdn(ﬁffufee CIrRE the 8l imagk Readnomg aRifdeconed scribe
line) and to determ ne_ the

any pecessary correction is made the calibration assembly that inclodes the calibration wafer

and the end effector is introduced into the processing module again through the DA beams 1o

produce the desired DA beam patiern.

[(043] Fig. 3 shows, in accordance with an embodiment of the present invention, a
iflustrative How chart of the steps for creating or simulating a centered wafer relative to the

end effector-defined center using an optical wafer-centering technique in order to facilitate

DA beam calibration. The method may be performed by, for example, utilizing one or more

of the components discussed with reference to the example of Fig. 2. 1n step 302, a wafer is

placed on the end effector such that a still image, mcluding one or more visual indicators on

the end effector and one or more visual indicator of the wafer can be taken.

[0044] In step 304, a still image is taken of the end effector, the one ore more visual
imdicators on the end effector, and the wafer in the manner discossed in connection with Fig.

2

[0045]  In step 306, image provessing is undertaken to determine the one or more

visual mdicator on the end effector (e.g., the aforemeniioned scribe line) and to determine the




circle that is formed by the outer periphery of the wafer. in an.

enbodi nent, the still inmage is analyzed for contrast. To assist a
processing unit, the canera and/or |ens nay be configured such that the

i ght frequency, the lighting condition, the aperture, the 10CIIS, the
field-of-view, etc., arc optinmal for determning the contrast and to all ow
the processing unit to acquire the visual indicators that provide data ata
to deterrmig rﬁ;h?q%@ﬂl%d% r@ecci}u@é'r 39;@;51%?\%1%@\\%@@ ek @rﬁn&%ﬂ&ﬁfrﬁw Qﬂ?mh@e art woul d
readily apprem ate fromthe (5regO| ng that the control of these paraneters
and condiaplgres! forgoniges| T@@w@t hipedstiagenis dieapaer pad anerenay bagyhigged

under t ak at HPH¢ JRERLBNHL Rud ARARIG-LIBOE,

pr ocessi ﬁgc %{fgé&glcglxﬁgcmc %A%ﬁluogfhwﬁ tllId| melﬁ‘ st é:?) 308 |n\}/o | ves

gener at i ngg. arpbuminl for W{e:@fmtdaﬂa cpoiast gdad eligy thom’tmasmgn@nm wahse tn t he
still . ' magsuafaim? ngrsflkoxlf )10'9:% -ﬁi!f{ig,y()ed&];én n'er?lge :‘g}(a it L%ﬁgex m 1%&&»9'@? n?eq circle.
Such i mag £ nIques an fi't ‘i niques are

wel | - knov(ﬂnet;mam Imasiﬁ xsddm hﬁ;ﬁ‘edi’ﬂe flh@ taf{folelonmptikmerhefcnﬂt*dsf gk mamehaes
acconpl i shed gener.ic process es (such
2 Tor exaRpniiRg Reghatent ik e M 2 PRI R bl RRERA00
Series Canhigl hnehc GMgESN/ oraMaluJ 1aﬂkzepzfo[ﬁmxlﬁawmccemﬁhr poration of Wocidcliff
Lake: M) . 471 1I'n st e d el ector-defin scert ai ned
fromthel gﬁgqf" ler eE’r‘@éﬁj ’é’a& Bt Hépg DEELLS IR af‘ﬁ‘('}rﬁc Eq‘étﬁa‘”@'f"f ect or

vi sual i ngingabFasfifs @xels fuhke Sillimbg: dddpRYforniROARY frma& epedtiie thhéestant er of
the wafer is ascertained fromthe circle recteated by the ocessing unit
from t he SHERe P} BEEOPORYIHPE K yHAEa 2yl cor ‘t%‘%‘“%%*f‘“‘ﬁé? B ﬁw@naf*“ﬁhe waf er) .

[ 0049] I n (BdseBkiBédhn ke diotifeeriancmakeh ﬁ@ﬁﬁ&oxﬁ}b%l}w\@lﬁeﬂh@’ SenbiliCofi-tiRe
cal cul at ed difference fromwafer center to end effector center) is then

gener at edhelFapcesagpriepacksgeatsudnsden Grample hhsepcgearr Bt et e Bnpl oyed

L0 reconskE Wgh ({\hﬁ}(ﬁ“@rié\%‘@tﬁxltrgﬁeir(e\pmsiemakﬁge Hhe ket RFSadR- . . the
production wafer and the calibration wafer) in order to ascertain their

centers (Wpdlctidakit.Nerence between the wafer centers). An. algorithmis
then empligyed | n Ofdeh, 418, HELRI DS Ll POSHENRARNIRE hOBieCt OF

reqwred ve t armtoa evvaer IS |ncorrectly
centered mxﬂuedrin'srp@mbcetssng et Bord tl@feméctfmmrtmuabpé:a@fmt {g-ot. lee ORbOIEds as i f

that waf e[l:)(ti‘]%?scor & wtu,\}) ?etpé genﬁq nWhL < v dﬁ? ‘gﬁ%m ng..g gxgﬁ“t 1&09 \_?ft fo F}%tﬂ% by [ 0050] In

step 316 cont
t he robotthepntasohy ent fan nem‘cmﬂm@hlendmm&ngauhcomu p@lmer\(tdfehxendm

O R T W A T

t he DA betsffiBencp fiefrerabd genfentoans tframgh:tmt 1) e hopgenetedt Eonbfta;alph e

afor ementejm 2( :gm [‘He ];h% rDef{l g&mP ;)Aartt&en?q}ﬂ%% ploy &*d to reconstruct the two circles representing
the two wafers (e.g., the production wafer and the calibration wafer) in order to ascertam their
cenfers (and the difference between the wafer centers). An algorithm s then employed in
order 1o determine the positional correction vector required to move the robot arm to allow
the wafer that is incorrectly centered with respect to the end effector to appear 1o the DA
beams as if that wafer is corrected centered with respect to the end effector.
{0050] In step 316, this ervor vector 18 provided to the robot controller to allow the
robot controtler to perform the compensation. Onee the end effector’waler mis-alignment is
compensated for, the calibration fixture that includes the calibrating wafer and the end
effector is moved through the DA beams, preferably in a straight-line manner, to obtain the
aforementioned reference DA beam pattern,
[0051)] As can be appreciated from the foregoing, embodiments of the invention

facilitate the acquisition of a reference DA beam paitern in a manner that is free of the
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[ 0051] As can be appreciated fromthe foregoing, enbodi nents of the
invention facilitate the acquisition of a reference DA beampattern in a
manner that is free of the disadvantages associated with the prior art
mechani cal fixture approach. Furthernore, the elimnation of the need to
use an especially constructed disk for sinmulating a correctly centered
wafer elimnates the introduction of unfamliar hardware into the plasm
processi rlgsqm)%w;@q a%&‘?ﬁ%ﬂi{ ﬁgg i ﬁ;&‘ﬁazﬁ% LAk "!pﬁ%am reahbRaL hen-rel at ed
end effector e and calibration-related particle contam nation.

[ 0052] DI SCUSSIHONCNhE smimpaam@amwﬁx menw@bg%mﬁgm@i’a tigphi@saduct or

substr at e%m(e%d Qeater \éﬁzfnﬁm%)s the@mﬂﬁ mx(%n%f grlittn%ﬂm? HBH\Q;Y{@ Shro b2 ’N”Q’WER’ ﬁﬂj’bﬁg essing,
the wafers are processe processing syst é Ich typically
i ncl udes Iaoq@kcu rhatqus y‘.d@tmprimc)esshﬂmg ofrodill ation-réfked fsﬂbéft viatdnes gpd wafer) is
di sposed op si ng nodul e during plasma processing,
[0054] In © nd out of the process nodule, the wafer
i s typi cgbbsp]pl aced LSO {SFLREL or and transferred onto the chuck. The

end effector. is a uctural onent . conf or.. suppor t t he wafer
duri ng méb@‘Jtrans*"EpTﬁﬁ“Eﬂapg??%? % m“ 3ﬁ?§ai| “ﬂf%ﬁ ?%%“Sn“h r obot
arm Fig. m@io_vt&.?l?ﬁ&ﬂas&w&ﬁdé!ﬁ%@nthat\ara‘?ceb fe pﬁx&s@d‘d nsared pedshagpt@esshigkO2erh or
supportin waf er Al04 du fer transf tratlon pur poses, a
portion O “§ ?8%%&”3?H¢Af@ ”Qg m? HESH “'mdﬁ@ﬂgFngHEWé - SYBAK ng, during
a waf er tdigoskion «SQauenaes » hldestiap ald @t Mty Sdsnapyesssine end effector to

pick up the wafer froma wafer storage cassette or ion. Once the wafer
is positilBhEd on t Hertdside Bereetvaier mpd opig e ¥5?‘*rﬁ‘\/\ﬁifm" herf¥fdve the waf er

into the, %@gﬁﬁ%mé@&%ﬁem@f@h& doRreuEgh & HQPhe tiick hendRcess&bngamodul e. The
robot ann then ' positions the end effector and the wafer over the chuck and

t hen pl acSéS‘C‘t“Hé\(W’é?méﬁ“*t:’h‘éddﬁ‘u%lm“ffﬁ'ﬁ“ PF yafrn dyigcRsEiTIgser 005614 n order to
ensure t Natecdh8 WRLAY dlspoli 06 858 0aRl ARETA Yshb i PR FBRYeRBSHLHBG N end

effecior A102 for supporting & wafer A104 during wafer transfer. For lustration purposes, a

lgj\ HllOﬂt ié?‘ll Ed\})ﬁgiﬁg& CD?[‘]RNH’)%D}?

portion of a robot arm A106 13 also shown,

[0055] Generally speaking, during a wafer transfer sequence, the robot arm first
moves the end effector to pick up the wafer from a wafer storage casseite or station. Qnee
the wafer is positioned on the end effector, the robot arm would then move the wafer into the
plasma process module through a door in the processing module. The robot amm then
positions the end effector and the water over the chuck gnd then places the wafer on the
chuck for plasima processing.

[0036] In order to ensure that the wafer is processed properly (thereby ensuring
controflable and repeatable process results), the wafer needs to be centered on the chuck
during plasma processing. If the end effector is perfectly centered relative to the chuck and
the wafer is perfectly centered relative to the end effector, then the water would be perfectly
centered relative the chuck when the raobot arm places the wafer on the chuck.

[6057] From the robot controller's perspective, it is important to know the center of
the chuck to enable the robot controfler to center the end effector over the chuck for the
purpose of wafer placementi. Accordingly, for any given plasma processing module, the
robot controtler needs to be taught the position of the chuck and the chuck center. In other
words, the robot controller needs to ascertain In its own coordinate systern the exact location

of the chuck and the chuck center since each chuck may be positioned slightly differently i
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control |l abl e and repeatabl e process results), the wafer needs to be
centered on the chuck during plasma processing. If the end effector is
perfectly centered relative to the chuck and the wafer is perfectly
centered relative to the end effector, then the wafer woul d be perfectly
centered relative the chuck when the robot arm pl aces the wafer on the
chuck. [0057] Fromthe robot controller's perspective, it is inportant to
know t he cclei%x%ges&} g 1'8&1%&%% f{')pe\gﬂzggl SadiliEngd QQQ{E xrpﬁxnftm lidindl® center the
end effector' over t uck for purpose of wafer placenent.

Accor di ngdsyembioto! t&nngl ven pl asma processi ng rmdul e, the robot controller
needs tohfa@ sga“ght 16 DGy e?)ﬂte”opﬁl uéfﬁ%t&h f ;}%D%Jﬁf‘e:&ﬂ!é%mﬁ@&wgé In other
wor ds, e robot contr 53 to .> coordrhat e

syst em t hiriex adibr: hmcatmb’as mbdmethc hm@kmand atphgtichwike denteer diingtbeach chit&
T e g L hE R e PP RSB PR e L

[ 0058] To wowpensatity dans t»hmtemdnef&feetcﬁ)rm&c H@Gﬂégmlﬁxaﬂx e:gkmﬁmto; thhﬁltlbi}',[ﬂ cal

strategy during calib atlonlnviol ves ITDI‘? aﬁ ng?rt arm% osition
*her e t he' BERTEPOUar et Ry OhEME i 61t bf‘“‘( HETFCEPY ‘P‘ Fhs the
“end ef f gak@bn CRNLESor @ft, hhgignengt Bhifcagt offecdefcbnech teanhercehdr act ual |y
aligns with the center of thS: chuck. To ac)gltcg'?] ish en

eff ec
cal i br at | GFOmRIShgds g adeuipigd pRePnERd IGEE PRI iR fébf@%“ﬁé ‘é‘T}‘t‘)él n the

actual enghagfol actiOphehyskadb LGB NThDASIhEAIQN fishufe K28 @ kBY Fe@fincAlkisendale
alignment of the end effector center to the chuck center is acconpliished

usi ng a faisricEns RaUHERhRnihe 19 ¢ifsctonk whighpdavsine @ohiepREIOSEY BLHUPt he chuck

or attachgginlond e f%tﬁ@@%e ERGul8y KRGS KBke t}g'ﬁf'ﬁru@ﬁ f@é}ﬂér@@}eli‘u'\&d&h@ has a
key feature (essentially a centering protrusion for the en effector),

whi ch al | ek, e daardtffasior sstspeinede key Garresf thyBringt the e €B§of eat ure of
the calibrati ﬁ&xl& b%q:éﬁ? ed ol RE Gt vhieXiu )G‘mt‘uﬁm&ketﬂé Sl 8l Ahlnéant Peit he

chuck, when e end ector rests agai’n feature ofthe fi'xture,
the end efiefier@tmm@emsmd houl et pelfiteradsong thh@n«l:hﬁfmwl agit dulkey

oS ¢! oni g LganAl. ef SRLEI AAALNSE yLhe, el cature s accompl i shed by- an

oper at or ector against the key feature so
that the {émd)] ef f ect\ém thes;tesatagms pmndnhtét keyd §fgaton m&un%[f @@&9\] Bhtuer, thehe

t h t th
gg::: :t 8:: (Epgls HP 8Z'él :lsg{):)sé:rx thf_ ﬁo \of 3B b{fns%p%\v ih t} xeq obcr{ LOB{{(I? shm¥ 30 {glg{ i & O’b%)i €

syst em soohfiéitsydre choloatrd dotierroot sgmzusé mmm Mte swreth, therpobilien ci}b@tohoo nt rol'
coordinate s the pos tio robot arm that achieves this act uaI

end ef f ectdr %&H fegeesiygiivany “‘“Féﬁ%‘d]‘ 1% B¥oducti on, the robot arm noves

the end ebbsgt or tpuiulﬂbep:@m%dm i 18501258 0 ad @elon difeciot @eh@é&oaemms/ chuck
al i gnnent positian. \ﬁafer is centered with respect tq th
ef f ect or , SERERIEL tt“hatmt% BicrligP e PaT et B YAGR! ‘ét‘i&éﬂl“g}‘ha‘ﬁf’éﬁs wi t h

the chuc km%%%ﬁmw fle GRLGE thhaatebr (b fow AL ARAM fek@t dwenla the chuck
when the wafer is placed by the robot armon the chuck for_ wafer

processi righie] GOBd Faswy evler iy nigred TeireEde ERCAYES R YHE PRIt b o
techni quepf REGRRIS NG ubiN@r wafer processing.

[0061] However, there are disadvantages with the prior ant technique for centering the
end effector relative to the chuck for calibration purposes. First of all, there are niany types
of chucks and processing modules in existence. Therefore, in order to use the mechanical
fixture approach to perform calibration. many different mechanical fixtures must be
fabricated and stocked.  Also, affixing a physical mechanical fixture, which may bave one or
more hard metal edges or surfaces, on the chuck may potentially damage the chuck.
Additionally, if this calibration is done in the ficld after some plagma cycles have been
executed in the processing module (e.g., in response {0 & concern that the end effector may

not be centered relative o the chuck following a production run), the attachment of a physical
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end effector relative to the chuck for calibration purposes. First of all,
there are many types of chucks and. processing nodul es in existence.
Therefore, in order to use the nmechanical 'fixture approach to perform
calibration, many different mechanical fixtures nust be fabricated and
stocked, Also, affixing a physical nechanical fixture, which my have one
or nore hard netal edges or surfaces, on the chuck may potentially damage
the chuck.fgit m&ab& Yoe Jnﬁcktlmﬁ,aﬁélde{%s%d OidiS A Redrnd MGl doglade af ter
sonme plasma cycl es have been executed I n lhe processing nodule (e.g., in

r esponse datbint thoproessying Hambeh uing ﬂe*fw‘ee@tiwt pagesping chidescark prrdeley el ative to
e, ehuckohQhhoMRg. SR Ok Kibaehligeat Lachuent of a phys) cal
calibration fixtur cause deposited particles on or near
t he chuckKot@@]f | akeAdd fzozmﬁt Oetdee modésswngs whiarxatat aDusprgicpheswsubisequent
R R A S T DA LSO R T s M
at nos pherpraduptias Sthisds béchese platiog pradmmah icbmabricnts of érehmqqmlmgduﬂmhm be
effectlvel%ia P%I cate the .conditions that exi f) ‘E 0% ?roductlon This is
because AAFHYSE BEHRD BHS D% ?fhﬁ’éﬂlé’h‘t‘émm‘m‘f”f‘fbmﬁ Helg 4t REPIRHS e may be

pl aced Uﬂﬁl@&eﬂtﬂmbﬂﬂ\mm@l&uﬁxn@l mexoenumfz@mamamemmbgmus I§isfct tidue to the
pressure d fferent‘:I bet wee Iltgh cuum env ronmant1 and the ambient

at nospher®@!raggnean H‘é’“éié?l“i“b‘i“ék[‘ Eh Y *ﬁ%ﬁ't‘}‘“éﬁ%‘ YBOTHSRCERPY AFUTYSY duplicate
the pr Odl-tﬁﬁﬂn@tlibnciﬂﬂdl&b@ﬂﬁss;b@ccur ate calibration ma.y not be possi bI e

[ 0063] Furt her nore e p03|t| oning of the end effector _at the

ef fect or ilB¥Gek al | GHEHREBEI! e Bﬁ‘“’“?%éﬂfib*rc'ﬁédﬁh‘éﬁ"iru‘éf}%ymil éffijm* ‘*ih?’\‘\}‘ol ving the

oper at or r-ﬂilh';'ukéd? go@&onrwﬁé}wﬂea henand (ef fiaediohe bR dpestor y@z Agai Askink bR key
feature of the nmechanical fixture), there may be a sh in. the robot arm

posi t i on aRAeReEae Beamanstiey kexdedore REHE 5156 d“&r“rﬁ‘f%“bé‘“é‘n‘ﬂ“:r%‘g‘i‘ dir this

end ef f eqf af/Ghck, gAmm& iR !smh)?ﬂ:ié‘*ﬂséshhéﬂ@ot%@rﬁ% «&mﬁmk&e«m eplpi s shift
may occur for many reasons, including for exarrple the f that the robot
not or s arcéfeger/dnel gicnednt DplEAn tﬂ’ﬁé threoplott cartrmlipi| This féwéaym é‘«ﬁelhf%iﬂwm smal |
amount tug‘mox@%ag&nh% ﬁ@%l{i {td?it l}ggoge(?p}%mgqgﬁ?%&{}mz&hl@ hhét may
result hi "I'naccuracy Lbra t1on process cal i rat| on process
i s i naccuplatterm pmamw&ue‘: nad smibshmnﬁamtmddmfnxgezpt;GMK@whﬁy occur,

| eading 1o de )%ag ﬁug ia’ rf.suh nntkmm[cggr ET i':‘nsr})“%wtr!rg%"{sgj eﬁttILO&hgqug/nOI’ fa' lure

rate for PRES e‘i'nvention rel ate
to in-si t;mmmhhmd&uamd mp@mﬂtatmm placenper diwmmmgiuem reff zmctuoiwd:ag tdorati on

W t hout usin ni cal fixture. omated
ot he (B RRe iTGHA b PRt e BlonePuR kot A USRI RS e 1 o
perform [ewuwd]eff ecE@boc&&LmbM&ht ﬁﬂiutt@h@d&ﬂ@b ﬁf-sﬁtﬂ@xﬁcﬂfodc et z@ipdmm lfdﬁe end

ef fect or -defi ned cergo the center defined/determn by the end

ef f ect or ,PEURIHRE fighPt i‘w‘h‘éﬂ]ﬂz"r‘?fi?” WEREL LYpg f {reppnisaliidwe oF g8l et ri ¢ center of

the end ea‘qfa@%%é» AReRASdAHge ﬁa'xd»xgﬁ‘%@ld\éﬁ‘&dﬁvrtnhﬁlarﬁﬁuﬁ%pﬁﬁﬂi exs To determ ne
t he actual end effector/chuck alignnment, the prior art enploys a nechani cal

fixture, AWHPEHTCRRHLIRSEOHARY ﬁf%é’a\‘/é{}’i’f5‘@@5‘3’%1%“%*%&1%%@ ‘éa#‘r |“é‘|l [ 0065] | n

one or MURENRIALIBRMS (& hd\@nieP¥ERLE AR crodRed - 1BE bl GRbLEAMdIasANLqUe 'S
enpl oyed to determ ne the ‘actual end effector/chuck ali anrent posi tion.
&

Thi s det erdringanicerapy be & sysyaimspacias conr! tivand sfappre seadpp beghstedcont rol | er

to nmove thg, ool k@&@@rbxoaﬂ%mm i b EuARY Blre I h G MLALMGE hOBrilQrAaCcouNt
for end et ect or/chuck ms-alignnent,
employs a mechanical ﬁ\tme which involves many disadvantages as discussed earlier,

[6065] In one or more embodiments of the invention, an in-sito optical techmique is
emploved to determine the actual end effectorichuck alignment position. This determination
process generates data that enables the robot controller to move the robot arm by a requisite
amoumnt during production to account for end effector/chuck mis-alignment.

[0066] In one or more embodiments of the inventon, the in~-situ optical end effector

calibration techuique involves taking a still image of the end effector and the chuck when the
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[ 0066] I n one or MON enbodi nents of the invention, the in-situ optical end
effector calibration' technique involves taking a still inmage of the end
effector and the chuck when the end effector and the chuck are in their

t heoretical end effector/chock alignnent (i.e., the position the end
effector occupies relative to the chuck when the robot controller believes
the end effector is theoretically centered with respect to the chuck). The
eng ot L echQlenk So B IASH L I 0PGBI SithBUB b EARERS L AL enabl e the
processi ng nit ] €n theen
effector;ﬁehmmédacénﬂﬁMnoﬁh@u@hﬂuka&»mlbhmkw1ha§m@dﬂwgnﬂmﬁwéwvwsuék

o enabl & ERE LR orb i rar B H TP tnd R PRETERREY P
[00671Cnoemt®ecendnehiﬁwhﬂkamanhﬂnnﬁmdhéh@u&huzkmcmnhennﬁaéndeheﬂﬁﬁned by
t he processing bet ween ph,se t wo
centers i'§¥€d ﬂ&%ﬁamﬁﬂg'Bbgﬁ?Féﬁégﬁcfg? ?%E?”EQAYQ dPF 84S *h8Ve t he end
ef fect or ihaiodt ch heQE ebiedl cRRdarabiiRe boihé ehug hedibegn rEmbbIpERi tion to the
actual end effector/chuck ali nnent (klon is (hen computed. This
posi ti on RF&LEEWHE Yrdl tp HERHROVF %H“f%‘?hgu obot controller to enable the

robot conboell er t ongomPeRsEtetol Qi@ el Bk tack ebdiahucderdngrabl grment .
[0068]in one or nore enbodiments, the in-situ optical t echni que enpl oys an

t
i mage acquPEFYIOEBY vt (e ght’ dghE AR EeTAE 5O genfesHis FoRmatd % obt ai n t he

optical inRgsn Q&t&t I?I@it ?ﬂg B ?&ztng{ o BOehd BReGhHGK hthd Rarlchengnd ef fector and
the chuck are placed % | asma processi ng chanber under production

condi t i orftecterichyeh élw%rlﬁ@mm G g el cageffostorslc pligapinbpattiosns Privcess,
the plas %Pﬁ){&ﬁe§ &1k DG SHARPET is TR 1(@(1 fd Hnd %ntﬁllé{%%e(%%‘lq’b&' on

substantially simTar to the vacu n1con tlon that, exists during
productlomﬂﬁ¢h%KUEWEramaﬁdW®wiﬁ@ﬁ@*ﬁay\me'ﬁ@&@@d i nsi de t he pl asma

pr OceSS' (I)&‘zanber In &1&9\( glfof{]%oﬁhf? thg?n 11191 oppxuﬁ t’.oﬁql &l\qg it nber but

has optical acces an’ appropriately ed wn or
apertureﬁmﬁm&&mwaﬂaatoﬁ ahamemdmbﬁhéatbmaamdabmgtbhmnk&UM&y<ﬁ®ntaﬂn t he

af or ement i,oned_ vi F tor m n_under
conditi OnSfP 1ﬁatmd 1?6 3}1& while ﬁl}e mlnfe[,fecl ;an{tslc chm?%etzﬁue(l?m C\le }ﬁla\(})}hqs exper i enced

during pr;@dmt@im,ﬂﬂmmbal unbérgtredanti@r doadisiotshdh oded \S@dd deriothp prebstecer
differential may be substantially. elimnated ne or nore

enbodi merfREBFOIBECHH ISR PrYRS S IR SEY SF T %uﬁw*&v] WG EH Y B er i be

| i ne. Theubgitary Liinflgr th Shep@Shunh ORSHioaMhak hﬁbt@ﬂtd"nﬁfpﬁ@mt@&i sihebahdrat duri ng
in-situ optlc cal jbration, a still imag e taken f th crlbe i ne.
The scri B&pf ﬁéb B bR P ier bR B OO GE &, O PR e to be

an arc ofpl@nGiph &b &inpl MBNEE LK as Optiodhi @By ¢ n@;&cﬁl@ﬁamiﬂaoglrh@uemmd
effector-defined center. By ascertaining the are anJ the center of the

circle ci'fmgMT ehpeHEekernBE«of e cas BT gndilie £ingk hat ntandicef f ect or - def i ned

center Wox@x%elg%h@tf \mlﬂgg\dzcmw\{ﬁr per’rbﬂm% E‘Qﬁna@i@@@%e’?@&hﬁmnk thai fre CONt enpl at ed
that any alternative reference nark that can enpl oyed to derive the end

effector=ﬁ%$imﬁﬁ%l&@ﬁﬂéhﬂ#Eyva¢§émbé9@#wV6V@ﬂP“PF@@J@PF@F@%%@WﬁﬂQ@Nhﬂur|ng
in-situ opi ¢alo ?SI%LJ,Ung @hie,@ﬂvialtnﬂ@ bk %ﬁﬁm?&gﬂwhﬁ‘hﬁa’t&p apparat us

[0069] In one or more embodiments of the vention, the end effector is provided

with a scribe line. The scribe line is positioned on the end effector such that during m-situ

optical calibration, a stull image mayv be taken of the scribe line. The scribe ine on the end

effector 1 configured, in an embodiment, to be an arc of a circle, the center of which

coincides with the end effector-defined center. By ascertaining the arc and the center of the

circle of which the scribe line/are is a part of, the end effector-defined center may be

determined. However, in other embodiments, it is contemplated that any alternative

reference mark that can be employed 1o desive the end effector-defined center may also be

emploved.
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(Canera and/or lens) is positioned such that the i mage al so takes in part
or all of the chuck periphery or visual indicators of or on the chuck that
can be used to deduce the center of the chuck. As in the case with the end
effector, one or nore visual indicators may be provided for the chuck to
all ow the processing unit to ascertain the center of the chuck, in an
enbodi nent, the outer periphery of the chuck itself constitutes such a
desired i, g@fﬁ't oS E8Rbors LORTHEN, 566 LARBE, ool EEh B Rndfue

in an enhpﬁnmemmymr@hbn@enmemd&ﬁthermhmeknmﬂy&hend&uewnﬂneﬁckhman
enbodi nent nteyr a ck center
are det er?ﬁ‘ﬂ@\ Urt‘h\emgm??et? Hg%r ?“Q T%%m'd) %ﬁL ;o eu @5 %?%{“h%ﬁg &‘Eﬂp}?g\l}ll ded to

t he robotdmﬂnt&ahﬂ&yskemuasgau(ﬁmrmeemrm@n&aemoﬂlwpumﬂﬂpepSapexﬁai end
effector/cﬂg qli_pnent OOYZ&Ahe fe tures g q va es of the

i nvent i onPhEY CBEx Be?(@‘ HAGETE BH‘)‘“ﬁ”F@f§V§H§e° ¢ tHE f“ res and

di scussi afshotifadht, bRl Ju@wper O3] Hie Ghodk2 6l ONBtituleR sr&ﬁ@%d&ﬂ&@snw th an
enbodi nent of the present invention, a schematic representation of a plasnma

processrﬂ@*swgten14220 illustrating a top view of at |east a portion of an
in-situ gptigal engdyeicteahiar aealdBrat sAe:eusd Bmud 2QQk kRt eRliddaraé g ng the
end effector in-situ (e.g., in plasma processing SySteln 4220 und

seni condubt grickieguis i’fjr%ﬁdt’ r"pﬁ“@@ﬁm*‘r‘l Byt afrra%\rﬁ L%frrrwrm‘t %‘%@d‘tgrﬂ

mechani caly ki, ﬁsn&%erra' Bhcbing en@lifediIQebibr bkt QREN Galer glad ef fector

cal i bration system 4200 includes an end effector A202 having thereon a

scri be nedekery?ed therfilerseqei(blstrapiey Ao daernlivpdiand pex i Fethefoba gpatrg - j s an.
arc repr { . coincides with
t he centgﬁggéﬁ?%e éggﬁgﬁQQEﬁ Oé?ﬁkéggﬁengggaﬁﬁﬁg&{etg3ﬁ?k§?fon of the
center ofwa-drrcIeTénﬁmUhe%ebﬂhbnngﬁofmsuehﬁamr@péké@@@@ﬂ&ﬁédﬂhﬁ%ﬁ t he
circle ar 1he JNeI# |Jed in the art. [00741Fig. 4.2 also
shows a ch m%&@%g% ng F%égﬁlg“ogﬂﬁ“§ﬁhﬂpk Wi thin a processing nodul e. The
in-situ dpergal enHmeAtemn@rmcmmm®mat“QMAﬁeehﬂmqueof$epnﬂ$ngun@dmto

det erm ne, }usrn? }( Ve tical neghog:}Rhe)& qrgnwthngpesghpck and the
end ef f eet BF 4SFTPREE CERCE R PR PR 18 Ganerare Phe Het 84Ty orrect i on
vect or f bigast dgorti@betandsi- @’hr:@mtr iehd sifstemidrddn sueh ngr}@airrchiriﬁmzmnhe an i nage
acqursrtrog g,vrce 4250 g a canera dis p)ed above e;d effector A202
and chuck 4508 ey hiee-dp PRUAERIOCSRE Psfem 4 Eﬁée‘“‘é}‘f‘ SRR 4OYST tion of
end ef f egireducARDRnditiBed) Utk WELGE M RecdEhknedROdcal andreofasated i0@sL AQ, porti on of
chuck. 4206, Note that a portion of chuck 4206 may be hidden under end

ef f ect or ASHPORKaLGE @ ﬁﬁﬁﬁe“§@ar%keﬁ‘$ﬁpﬁpBvéﬂﬁeﬁﬁﬁﬁngﬁ@”%éhﬁwéménchor | ens
ar r angemafdreon 4 QBEShNeverthehessive taht QBRS &l iRdeddRiple AZ24 ACf Ranexanl e,
included in | ogic nodul e A210) may be abl e to reconstruct the circle that

i s fannedeRyseptieg chorden em cpekei Haetopr of whkheringdoe~idsthoeier deiywedsmha ne t he
center ofenRateGl {ahe l(}é"@ét&nm{a‘ﬁgﬁ @%QE&}{& e, et %{d tQé s&rlelelﬁf A28 arc

Li kewi se, processing unit 4 (for exanple, included in lNogic nodul e A210)
may be ab%exweﬁﬁe&phepﬂpovnvnémewréﬂécpﬁnwmw%ﬁleémwbe linelare A204 is a
part of af '\Qﬁl ! asP; 0, \dgf@f‘? (JQ;'\\ 14 C?H]& QQﬂt l%\gffgtfﬂlihw A cRhdiGliBrin d Qr'o&:sgl'ué cle is

represented in Fig ashed circle o ‘ ‘
module, Tha fi-sity optzm) end effector calibration technique is configured to determine,

ri phery

using an in-situ optical method, the center of the chuck and the end effector-defined center mn
order to generate the necessary correction vector for the robot arm control system A222.
During calibration, an image acquisition device A250 {e.g., a camera disposed above end
effector A202 and chuck A206) may take at feast a still fmage of at least a portion of end
effector A202, including scribe mark A204, and of at least a portion of chuck A206. Note
that a portion of chuck A206 may be hidden under end effector A202 1f the image s taken

from overhead from a camera andfor lens arrangement.
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[0076] Fig. A2 also shows an end effector center ,A214, representing the end
effector- defined center A202 as determ ned by the aforenenti oned pneessing
unit A224. A chuck center A216 is al so shown, representing the center of
chuck A206. The difference vector A218 fromend el -Mdtor center A214 to
chuck center A216 is then generated. Since end effector center A214
represents the theoretical end effector/chuck alignnent position and chuck
enter A2 pr ese; £ n tlon t he
posi {1 ondl VT or onearbacrar B R E SR AL o ARl RRRN

needed t cAZilh gay bheiendewhitact t(hc cmécnthew Agtndd iy thia ucrhd@h)u‘oehmevf CAB(.% V\hen
o et be kA k¥ ok B8l BRI SEPE o G800 LORAPLHRL oo
A218 to t,m%dbﬁtw1&9@&1’&3&1}@3&5&1 MEMBQ;KdmbE nclbddd 10611151?(1’10&&6@/336})11%222 is
able to nove the robot by.a distance an d direc b

posi ti ondl® agkeft‘f gF%’ﬁEB“\%%‘%P ‘Mi’%ﬂfgf‘é% B¢ e Té’a”é? P E “eﬂ ¥1 4 dur| ng
product i aRterhfie fiRRYmef dfegk bivat yTIGotiFeek rdpgeshaed Blhég.em)afaﬁl&atc@ﬁ fchuck

m sal i gnnent. [0077] Fig, A3 shows, in accordance with an enbodi ment of the
present i éntion an illustrative flow chart for the in-situ optical end

effector (ogid)brati psn mazta@@hoﬂh@ e tho: bayebe ipatfosare hbyad faskioexanpl e,
utilizi ng Qne or t he conp onents di scussed with refer&}?‘e to the

exanpl e of w’gmwz‘\’%‘hg%éﬁm;&gb% h R EHET YR SEXET LS HVEd PHe robot
arm t o t henkbheorsat he@lowaNdp@Edhatd Ok LERUCH Rlk QDTBNYhe dif@roncd RQ:aPOSI i ON
the robot control system deens have theoretically centered the end effector
rel ative AYSdiver arekston sent 41 gohuckeesier fP14G rilige Ptk einserthe end

ef f ect or ", pfoli6, MLRHah 4 ﬁﬁf@@&qq}rxe 9&@0}”@1}@11 @Qﬁf@fr&wﬁ@ﬁx@( ahtfhmén{ Neiehugk in the
manner di scussed I'n conhection wth Fig. 78] I'n step A306, image
processi nyniksngnden ¢ spemerttothe sepul F—@d fc’rh’etwlﬂht@éildhgtﬁm% avsong e phatiemy

ef fector it tef P& nlehe

ol ol ot Haferphoe bl &2 R BFRR AR EGloh “ﬁar;*@%@ B A e
processi N idniith, uttd\\aﬁ.canﬁﬁbb a\hﬁcttnmdlcéncsomﬁ?yi%ed leoad rghredksoolr Ahidt t he

![ Ihgh]E i fe{ gﬂeu(fecﬂga}/énd elleeflm md\ al) ncn%g :Is Etglrifi)erl eiit B\r BQR 1({1155';&1% d’d{exg%c g&gc U?Ir‘]g/ ?rhe
vi sual indiigas mesoliohaimmrc,wedaef\ﬂiethdmim tcmnﬂismeﬂem;m“tm&bhewdme»feftlact or
center and1 tﬂ)e chuck ce !ftz [r t?ﬁ]i ri %ﬁ“j S qA?’)%Bu'd”VO' ves
gener at i f§”4 HEAPEPFE SPdgtreginr Provatends ‘i%’ﬁ‘é‘“&g eé‘éi‘”f" e ﬁl X"efs Ph*"he i mage
and per f aftiogeeatr welf fdrinkpepdutidiethefcbatBectingy dasdcriag fe iteadnds . Such i mage
proceSS|n t echni ques and curve fitting techniques are well.known to those
skilled i f‘*’%lH‘é“éff'lfmi"bn‘ﬂ’éf’ﬁ‘é’i“ fields and can he acconplished using many

generic gbzAhes heFt'qupEﬂﬁ\%S@laagwr&%ﬂté\\ pREK agesiiheyd ohaprdar iwxang, en t he
Keyence communi cation software fo wi.th CV-3002 Seri es Control |l er

CV- 413N, Hysapiggiay shag i ‘k@y’eﬁéép@&ﬁ p‘%&‘réﬁ@hk%ﬁ"%&&bm"ff Tharstof 008011 n

step A31Q133311Q%e§91%e@fbfy e} Blanfhel hlni%%iﬁ%to? Elolr@oﬁ%&ﬁﬁ;ﬁ»hﬂ@@dxfﬁu@%tuhﬁl circle
recreated by t processing unit fromthe end fector visual i1ndicator

(e.qg., thefesagy tbéhq gxpaple of higs fdpn ABR A30R e feréirﬁf %F‘Obf'* naygd Bh kol arm
ascertaingd. rfmo?em& M}-ﬁd @1“(&%&%}5&%@%}@1@ iy tﬁ&%&@ﬁ)ﬁ@i@%aﬂgm‘x{w1 Lyshdn®m t he

chuck vi sua] i ndicator (e.g out er periphe y the chuck). In step
A31. 4, th@um fifvetlenecdboroeref tiomnd hEeaordelef feet! Tthe@miérshpe\%?ﬁe* hHuck

center is det.etm 06, .| cir'eﬂt%Et%P ﬂéﬁ\%ﬁm Tltes oge,a‘ het ;@9&%&{@%94}@ SullQvided to

t he robot cont r o systemto €na fe To control systemto nove the
robot ar m}@lmmnmgmpms:d:dcm tenetioncompenset e for the end effectorl chuck

ms-ali gqmtj ' In step A306, image processing is undertaken to acquire the visual dicator
on the end effector (e.g., the aforementioned scribe mark) and to determine the circle that is
formed by the outer periphery of the chuck. To assist the processing wait, the camera and/or
fens may be configured such that the light frequency, the lighting condition, the aperture, the
focus, andfor the field-ofview, efc., is optimal for the processing vnit to acquire the visual

indicators that provide the data to deterruine the end effector center and the chuck center,
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[ 0081] As can be appreciated fromthe foregoing, enbodi nents of the

i nvention achieve end effector calibration in a manner that is
substantially free of the disadvantages associated with the prior art
mechani cal fixture calibration approach. By performng the calibration
in-situ, the conditions during production is faithfully reproduced,
resulting in a nore accurate calibration process. These conditions include,

for examphwsi M Al ARUHMG00d) t\‘%@@ﬁxalﬂ% S fIARRL PELY fopar anmet ers.

Since a ni cal fixture 1s no associ at
nanufactwmmggomnﬂuxﬂmp:ngta_ha@gemimwbnnmnymaéhmmgﬂemeﬂmuné@ﬁanhtal

calibration, fix o QAT ferent D , d | l'i m nat ed.
Eur t her nd Iuélei zga e Pracessiile (2 hgé ued 'm% *HP ﬁri}litgi %Tc%sngﬁe rg?td\l\l lgﬁnd[\xz}c t ni que

el i m nat ebost kigli @D@s&hnhmbﬁmofddahkbmabemmemgmﬂmédﬂmhumkzdaﬂagéiand

calibrati .related partjcle c nlnat f
ORIt et B Nt R R RS NS (0 0

W t hout nisskithgvChaisesieadhol e;f(a@Hs@laﬁﬁtdfa&leﬂbﬁhexe[\&%?;]o@loﬁﬁidﬁﬁC]\l A [ END|
[0083]While this invention has been described in terns of several preferred
enbodi nent 40dctifdfke. e al terations, pernutations, and equival ents, which

fall wthogsoyhe SCQP#Lp O 10t ik Snd ERRRk-UOMed AbdBIQuSc RNk Grish BX aIE €S ar e
provi ded herein, is intended that these exanples be |IIustr tlve and not

limting %Wﬁ‘ﬁ“r%s‘b‘éﬁ@“ﬁ‘%ﬁ‘% it iiﬁ%}é‘%ﬁﬂ.ﬂdﬁmmogw}w‘élbmtthé HeraPAHE sunmar y

are provided,haieif. dofcr SORY BRIRNCR ARG hOMIEL HR: B&UsEEl ho construe the
scope of the clains herein. Further, the abstract is witten in a highly-

abbr evi ataseresserzndrion be phuskivied ndsarnicgocoBRvRHIPENY & BR¢M%Us"shoul d not
be enpl oyed , {ﬂ4ct$@§:tﬁre}é§cé)xreddl Fotn thhEdRHeER! éen{epKﬁﬂé ERGk cé’f@;cfﬁh i's expressed

in the clains term”"set” I s enployed herein, such termis intended
to have idesroodonlsiEpurid6ribisdg8renst Meaatis parvidebanbargbotsoaeysioico, one, or

more t har&n&ﬂg th@%f&mnjof %\%thltﬁ %OQ‘L AR rp{%t QI% @1%11&27%&1&% & (QIIE}EE'I 0¥or

alternative wa fhe met hods and appar at uses of the Present
|nventlonhLmﬂ<m®unﬁ@méfmmeﬂmnmemded that. the follow ng appended cl ai ns be

Ieat”e{/g:’ Zh?(g& izz _Ir ra].r,ll“&l\'l g:{i q‘% dlgl)plti‘hldleg hﬁ)gl &S}e O?é*’lﬁglqséfgpﬁ%lﬂltﬂ %#ll‘?@t iei'lﬂr)fgejsent

i nvent i orchie @ oAlNBedhadalibatiel ﬁlaﬂﬁdmbtsth’i( is substantially hee of the disadvantages
associated with the prior art mechanical fixture calibration approach. By performing the
calibration in-gity, the conditions daring production is faithfully reproduced, resulting g
more accurate calibration process. These conditions include, for example, similar vacwam
conditions and similar robot servo pargmeters. Since a mechanical fixture i not employed,
the cost gssociated with manufacturing and keeping a large inventory of different mechanical
caltbration fixtures for different plasma processing modules is eliminated. Furthermore, the
use a non~contact, non-physical calibration technigne eliminates the possibility of calibration-
related chuck damage and calibration-related particle contamination, making it possible to
perform the calibration more frequently andfor in the middle of a production run without
risking chamber and/or fabricated device
[0082] DISCUSSION A [END]
[6083] While this invention has been described in terms of several preferred
embodiments, there gre alterations, permutations, and equivalenss, which fall within the scope
of this invention, Although various examples are provided herein, it is intended that these
examples be illustrative and not limiting with respect 1o the mvention.
[00%4] Also, the title and summary are provided herein for convenience and should

not be used 1o construe the scope of the claims herein. Further, the abstract is written ina
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A method for performng DA (Dynam c Alignnment) beamcalibration in a plasm
processi ng system said nmethod conpri sing: acquiring a positional
difference, said positional difference is acquired using an optical inmaging
approach, said optical inmaging approach conprising: positioning said wafer
on said end effector, taking a still inmage of said wafer on said end eactor
processing said still image to ascertain said center of said. wafer and an
end eff eq&q{h ‘El%@éx“ﬁ’&i f%ﬁﬁ'tnﬁ{ is gﬁ)f\ R8GO f oﬁl\ e%QQCeezrngQﬁE%ouid n(%i be
det er m ni'ngy erence between sal aid wafer and
sai d end'Emﬁ@@ﬁarumgﬁumedmaeMUemuaeanwdxM@mgahdpen@ﬂefﬁechon\Tfﬁmcenterlng
SI }A?fereren\(l;}%tngé’r I\?\gﬂg&ﬁ‘ggh\@g h@f@ l} H{c(j?h %Iﬂeigltl1cieﬂdgl>ét0%$ r@lg %%El Oﬂg J})Q&st%? ?T'D\F;gl’sr:i‘f"l![ onal
conpensatriaiim: mim/lnmgmsanﬂccmf@m angd osaba damdmefwf( eﬁ)trorh b hamhugshs oAobdans

o1 o enca SRR BA FETH ) PeceranRE b Band B hkre B RNl Sai d DA

ref er ence DX
beans, sqn &e&xrlmhmaﬂ dt H&ik’e@ef@x&tnﬁterfdad mcme Ifib] ngrnﬂfﬁp@ﬁiddd mﬁlﬁrwe&ﬂ&pﬁa’ﬂdcﬁ end

effector f t hr q sai DA beans. I ?1L_pl_her
conpri si g “Pi ‘6‘9]%“@" B ﬁ“gi“ Wgwﬁ*omrr ’6?‘*“’6‘6“3& %‘ W el et Sr for
enabllngt@ﬂ@&@@@g@L@gwgﬁhggﬁgmdeternlne fromsaid. still imge said end

ef fector-defined center, said first visual indicator representing a
reference mark enployed to derive said end effector-defined center.
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The nethod of claim| further conprising providing a first visual indicator
on said wafer ibr enabling a processing unit to determne fromsaid stil

i mge said center of said wafer, said first visual indicator enployed to
ascertain the circle that is described by said first visual indicator,

t hereby enabling said center of said wafer to be determ ned. 4. The nethod
of claimt further conprising enploying an i mago acqui sition device to take
said still inmage of said wafer and said end effector such that said DA
beans are calibrated in production conditions. 5. The nmethod of claim4
wherein at least a portion of said ChagdSacquisition device is inplenmented
inside a qﬁ,ﬁgﬁce35|ng chanber . 6. The nmethod of claim1 further
conpr|5|n8> PP Y said still image through an optical access that
permts said S\I;ini!thod 1PRGE fif@ingMEd (et fli@inchp dsim aslipenivh one phaan | nage of
a first vLsuaL.indicaIO{ o&?sald end effector and at |least a portion of an
i mage () FACERYESYYREURIC PHERCSHIEISEE said wafer, said first visual

i ndi cator of sajdiRNthoekbRAQTFDRE @ﬁ@Bédtm‘iﬁdlff@%ﬁkfeeﬂ&ﬁumt&n@rﬁm oyed to
derive said end effector-defined, center and said first visual indicator of

sai d waf ePUBHENEERPPEES 68t PRA! PRENE PPRPEDCARPINAE descri bed by said first

vi sual indicator %nﬁ@hg_wgﬁg&niogﬁmfkﬁygkaﬂ}for perform ng DA (Dynam c
Alignment) beam ca ibration in a plasm proce53|ng system said system

conprising: a roboRkigsaskbiree of i yalpoporidwdefBfter configured. to

performat |east ORG.Qfing said sill image to as&RIHEEIREE JMLiQkvattk kM LfGRECt TO an
end effector by conpensating, for a positional difference between said

waf er and:fEeioddaimed affedededy shd pabttechover nel t t conpensat i on,
movi ng sai d water @é?%ﬁ ik, Rh & tzoﬁ%%ﬁ‘ieré&‘é 8&99&%%&@?0@%@%@%9 wi th

pl asma processing no ge acquisition device said i mage
acquisith@hhﬂévﬁ@&rabhﬁmbmnﬁdmﬁbEQGk@ubmév@remnnre sal images of at |east

one of said waf ﬁémuf}w A s&%&ft& Sx%l%retfectm by confila i ﬁgmwgomn&; for

perform ng at ‘t'east I'magesS to ascertain
sai d endcbﬁ&a&uanwaafambdamemmeau m@e&@kﬂu@@ﬂbbﬂnmﬁcm@ﬂdomaﬁﬁﬁmnand

gfe]E ZL{nop_e d:?: S}E}g%%l %%1%@?66& AR %%1‘? alein glg%tgleﬁnofuulé Q.Sﬂl’eg‘m(%: gcg,ouw;l(?u ii? a, pg}qma

p05|t|onqhmﬁkﬁteﬁ@n&£am@ ach|red using an in-situ optlcal |nag|ng
appr oach; and.

Q§1HDdU|e Eald |.0 |q ng}n ! ogf{%u&ﬁﬁ(
1%3
obtaining a ré%@WéhC@”b%“He AP PRESE BY T RIGEE G G T A BTRAR PHTY ]%e
pattern abasaiseh, B Beasnd- fﬁﬂ«ic%‘zi@&sﬂa&m&ﬂ@-m @ wRak bed fideduritngmas sai d.
waf er and said end effector noves through said DA beans.
through said DA beams.
2. The method of claim 1 further comprising providing a first visual indicator on sgid
end effector for enabling a processing unit to determine from said still fraage said end
effector-defined center, said first visual indicator representing a reference mark employed to
derive said end effector-defined center,
3. The method of claim 1 further comprising providing a first visual indicator on said
wafer for enabling a processing unit to determine from said still image said center of said
wafer, said first visual indicator employed to ascertain the circle that is described by said first
visual indicator, thereby enabling said center of said wafer to be determined.
4. The method of claim } farther comprising employing an image acquisition device to
take said still image of said wafer and said end effector such that said DA beams are
calibrated in production conditions.

3. The method of claim 4 wherein at least a portion of said tmage acquisition device is

implemented mside a plasma processing chamber.
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8. The systemof claim7 wherein said end effector is provided with a first
visual indicator, thereby enabling said processing unit to determ ne from
said. one or nore still inmages said end effector-defined center, said.
first visual indicator representing a reference mark. enployed to derive
said end effector-defined center. 9. The system of clain? wherein said
wafer is provided with a first visual indicator, thereby enabling said

processing um{the&1%31%?TD%I@}P?RH}?@Q%’%RQ}},QQ&;u%nq%?i%%}%'Hds,e . JRges said center
of said wafe sal 'rst ovi sual i ndicator enpl oye 0 ascertain the circle
that is dgscHisbess thyt psaﬁzict shidrsgil nv‘iagmrainciuddb@abdwstah@rlexbyf anabld eip sai d

cent er thr%ta\!zgm {hu to1 O ﬁaxg enc?et‘taera OF amp tlea:slt )c)h]t?nnsc%sm MR (}i%lil‘?}tm Zaz‘“’“er ein at
| east a portion ' acquisition r‘FpI d"*'nsi de a

pl asma prmrtxessn afgaid haﬂinesmdd‘frxtsm@ ipdiac@ss lscn@uszyﬁtcem r@ieﬁhﬁwsyﬁtema)f claim
7 wherein_s or, NOre. s rough.an optical

access t HB?’QSE}P& R A ”éhleenglﬁée%rcgﬁg‘f‘ LIelmef %’Hig dth‘{ VRPUICHBH at | east

a porti onsafifwaR dnipged af as@erfaly B civdlstial is indiledtbokaiafirg alsdalentdcedfegct or and
at least a portion of an inmmge of a first visual indicator of said wafer,
said firs®4¥&¢al indicator of said end effector representing a reference

mark enployed A gsderivgreahide @rdhherl AR Radh Genkeibn andpigahd first
visual indicator of said wafer enployed to ascertain the circle that is

descri bed ¥ | WP 9 VFEREPIPHAENEat or of said wafer. 12. A pl asma

processing systeun; tQkroR&! L8 x%&Qo%ﬁ&PMﬁﬂx&d%ﬁ@%ﬁ% kade@ANRCAl i brati on:
sai d plasna processing system conprising: a robot conma-1.1ller, said robot

control I er confi gureséFrpaR safer Fa@gespect to an end effectoriit @PIPRRFERGEF 81 wi t h
respect to.@abhnf Hﬁ}e?éhﬁ@ﬁett@ée Jl%gzgﬁ&@@%& ahid B eff@Eto@xx RRSALt AR@dmL f f erence

bet ween said wafer and sal fector wth robot novement conpensation,
nmovi ng saioarweskiéen. and sai d end effector through DA beans associated with a

pl asma processing ?‘BQHL dd\'i{fel and i O e ltox‘tﬂ??)‘é!%{‘?.fxﬁ%é?x.?msoﬁé}lg@w{]m%' tu

optical -system configure acqui re sal d poswona erence:
plasia processing module;

an image acquisition device, said Image acquisition device configured to take one ore
more still images of at least one of said wafer and said end effector;

an processing unit for performing at least processing said one ove more st} images to
ascertain said end effector-defined center and said center of satd waler, and determine said
positional difference betweean said center of said end effector-defined center and said center
of said wafer, wherein said positional difference is gequired nsing an in-situ optical imaging
approach; and

a logic module, said logic module configured for obtaining a reference DA beam
pattern by recording a break-and-make pattern of said DA beams, said bresk-and-make
pattern occurring as sald wafer and said end effector moves through said DA beams.
8, The sysiem of claim 7 wherein said end effector is provided with a first visual
indicator, thereby enabling said processing unit to determine from said one or more still
images said end effector-defined center, said first visual indicator representing a reference
matk emploved to derive said end effector-defined center.
9, The systen of claim 7 wherein said wafer is provided with a fivst visual indicator,
thereby enabling said processing unit 1o determune from said one or more still nmages said
center of said wafer, said first visual indicator employed to ascertain the circle that is
described by said first visual indicator, thereby enabling said center of said wafer to be

determined.
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a logic nodule, said |logic nodule configured for obtaining a reference DA
beam pattern by recordi ng a break-and-make pattern of said DA beans, said
br eak- and- make pattern occurring as said wafer and said end effector noves
t hrough said DA beans. 13. The systemof claim 12 wherein said in-situ
optical imaging systemconfigured to include at |east an optical

i magi ng vstem said optical imging systemconfigured to -acquire one ore
more stil l ' rmfﬂ@?yspetn §fac|ia(#nx\A’ein§e§ez;"?‘the§ﬂ qmﬁ&gol%fntl%‘\ig Hacq ummon AR pcesm ng
unit, said processing It ascertain sald center of said

vaf er andm$&ndnemdmeﬁbemtmmpd&b%m@dhadniefvn¢pu*mﬁm9sxwamloglc nmodul e, said

Logic modyle qantlau 6d.Le ANLSLILAG Al hRoshihaRal dilferenss, Ret ween
syst em ofopét "aumeésaim/@eﬁmtma&m)d memtueétﬂbmtef tol xsc,l@duimﬁd(e&m &]‘ﬂ)ﬁ&)ﬂfdf rst

vi sual i ndi.cator, ere rocess un n.ne fro
said one BrAgYE "sﬂ' I I’S“i Egé’ém Dég‘ dgr?f{f EF‘I%?:*%&(?I’ ger 11’?"‘ mé’gﬂ[ﬁ er dit a? d fi rst
vi sual i ndkcaduarindiepsesest k\ﬂger&afdﬁfr&r\@ﬂ@lend‘fﬁﬁck of B4 eyt fcbor fi@fels%@snsal d end
effector-defined center. _15,The s ste

| aim 14 wh said first
vi sual i idPEEPEE mpd epplypd edepivhand @ ‘%‘B‘rg‘ﬁ’é“"il f‘f‘r‘é“é%‘ﬁ ‘bﬁ‘ﬁ‘e‘d“iab be an arc
of a cirGh@cHST sdiRatchenpRpdEn aglfm@&ﬂ'ﬂfle @ikcTeGh® sCREABRABS saMd £l wajad end
effector-defined center. 16, The systemof claim 13 wherein said wafer is

provi ded R s4id 800 sual i ndicator, thereby enabling said processing

unit to deter m &l PRSG LORE 18 p tﬁ@éﬁﬁm§bél(|l)\h{mg@§u§ﬁm) cant er of said
wafer, said first visual indi cator enpl oyed to ascertain a circle that is

descri bedabigraen: shid plrgrs RPESERE PHEPCRIYFS ¢ her eby enabl i ng sai d center of
sai d wafer to,ha, delSLINed roddr JH&[&Y@&#%%B f&laf"lemtles wherein said first

visual indicator is an outer periphery of “said
centering a water with respect to an end effector by compensating for a

positional difference between said wafer and said end effector with robot movement
COMPENSAtIon,

moving said wafer and said end effector through DA beams associated with a
plasma processing module;

an optical imaging system, said in-sitn optical system configured to acquire sawd
positional difference;

a logic module, said logic module configured for obtaining a reference DA beam
pattern by recording a break-and-make pattern of said DA beams, said break-and-make
pattern occurring as said wafer and said end effector moves through said DA beams.

13, The system of claim 12 whergin sald in-sttu optical imaging system configured to
include at least _

an optical unaging system, said optical imaging system configured to acquire one ore
more still images of said wafer and said end effector;

a processing unit, said processing unit configured to ascertain said center of said
wafer and said end effector-defined center; and

a logic module, said logic module configured to determine said positional diulference
between said end effector-defined center and said center of said water,

14, The system of claim 13 wherein said end effector is provided with a first visual
indicator, thereby enabling said processing unit to determine from said one or more still
images said end effector-defined center, said first visoal indicator representing a reference

mark emploved to derive said end effector-defined center.
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waf er. 18. The system of claim 13 wherein at |east a portion of said optical
i magi ng systemis inplenented inside a plasnma processing chanber. 19, The
system of claim 13 wherein said one O nore still inmage is acquired through
an optical access that permts said one or note still image to include both
at least a portion of an image of a first visual indicator of said end
effector and at | east a portion of an image of a first visual indicator of
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a referencé mark erive sai ect or |ne center and
sai d fir dinevpsfigaied mm maaronf ofirdaiudh waf Ge canplodyedcitely @swalet aith stile circl e

that is d%%%heé?{% dc?}{ef@mgrf' rst visual indicator of said wafer.

16, The system of claim 13 wherein said wafer is provided with a first visual indicator,
thereby enabling said processing unit to determine from said one or maore still images said
center of said water, said first visual indicator employed to asceriain a circle that is described
by said first visual indicator, thereby enabling said center of said wafer to be determined.

17, The system of claim 16 wherein said first visual indicator is an outer periphery of said
wafer.

18, The system of ¢lain 13 wherein at feast a portion of said optical imaging system ig
implemented inside a plasma processing chamber.

19, The system of claim 13 wherein said one or more still image is acquired through an
optical access that permits said one or more still image to include both at least a portion of an
image of a first visual indicator of sald end effector and at least a portion of an image of a
first visual indicator of said wafer, said first visual indicator of said end effector representing
a reference mark employed to derive said end effector-defined center and said first visaal
tndicator of said wafer emploved to ascertain the circle that is described by said first visual

mdicator of said wafer.
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